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[bookmark: _Toc206700552]Abstract
In the UK, household food insecurity (HFI) is disproportionately prevalent in families with children and can have detrimental effects for child health. Thus, a strong case exists for considering HFI as a public health concern. School-based feeding interventions may be introduced as public health interventions that mitigate the harmful impacts of HFI on child health. The objective of this thesis was to develop a conceptual framework of HFI and child health as an early step for developing a future public health economics model, that will be used to evaluate school-based feeding interventions for their impacts on health.  

A rapid literature review (Chapter 2) summarised the mechanisms by which HFI is related to poor child health and a second rapid literature review (Chapter 3) summarised the effectiveness and cost-effectiveness of UK school-based feeding interventions for impacts on HFI-related child health. HFI was related to a plethora of child health outcomes via two key pathways (diet and mental health), with parent mental health playing a mediatory role. School-based feeding interventions had the potential to improve HFI, child diet, behaviour and relieve parents’ financial pressures. A problem-based conceptual model of HFI and child health was informed by consolidating the results of these reviews, stakeholder expert opinion and further pragmatic reviews (Chapter 4). Based on this problem-based conceptual model a design-based conceptual model (encompassing child diet, behaviour and parent mental health) was developed and Born in Bradford data identified to quantify the relationships within this model structure (Chapter 5). HFI was not associated with child diet quality (Chapter 6) and was indirectly associated with child behavioural difficulties via parent mental health (Chapter 7). Results of this thesis encourage further investigations in this research for the interest of designing a health economics model of HFI and child health and suggest improvements in methodologies (Chapter 8).




1. [bookmark: _Toc187618477][bookmark: _Toc190446905][bookmark: _Toc190446986][bookmark: _Toc190455492][bookmark: _Toc206700553]Introduction 
[bookmark: _Toc187618478][bookmark: _Toc190446906][bookmark: _Toc190446987][bookmark: _Toc190455493][bookmark: _Toc206700554]1.1 Overview 
Food security is defined as a “situation when all people at all times have physical, social, and economic access to sufficient, safe, and nutritious food which meets their dietary needs and food preferences for an active and healthy life”(1).  Conversely, food insecurity can be characterised as a situation where there is disruption to the access of adequate and nutritious food due to insufficient money and other resources. Household food insecurity refers to food insecurity experienced at the household level.

There are several sociodemographic factors that make households more vulnerable to HFI, with low household income being a key driver that reduces affordability and access of families to adequate nutrition(2). In the UK, households with dependent children are more likely to be food insecure than those without(3).There is a growing body of literature, from US-based studies demonstrating the detrimental impact of HFI on child physical, mental and psychosocial outcomes(4). As a result, HFI could have negative implications for child health and social trajectories, which may incur great costs to the healthcare system, and economy as a result of loss of productivity (5,6). HFI has also been associated with reduced educational attainment(7). There is also evidence of transmission of HFI across generations, which creates an intergenerational cycle of disadvantage(8). HFI is a complex, systematic public health problem in vulnerable child populations, which must be addressed through public health interventions, such as those that target child diet.  

School-based feeding interventions in the UK, such as free school meals (FSM) are food provisions offered to children at no or low cost within the school-setting(9). While the primary aim of these interventions is to improve educational inequalities, there is evidence that they can improve child health, such as child diet quality, via access to nutrition(10). Improving the diet quality of food insecure children is important for tackling health conditions related to diet that are highly prevalent in food insecure populations, such as childhood obesity(4). However, there is currently a gap in the literature evaluating the effectiveness and cost-effectiveness of these interventions as public health interventions for their impacts on long and short-term health benefits and costs in children. 

Despite the potential cost and health consequences of HFI on child health, there are no health economics models available to estimate the full impact of HFI on child health and/or trajectories into adolescence or adulthood. This gap limits policymakers’ abilities to assess the cost-effectiveness of school-based feeding intervention for their impact on HFI-related child health outcomes. A complex public health approach is required to build a health economics model of HFI and child health. Due to the lack of UK-based studies reporting on HFI and child health, research is needed to build an understanding of this research problem within a UK-context and develop a model structure that can be used to evaluate school-based feeding interventions as complex public health interventions for their impact on HFI-related child health outcomes in UK children. 

1.2 [bookmark: _Toc187618479][bookmark: _Toc190446907][bookmark: _Toc190446988][bookmark: _Toc190455494][bookmark: _Toc206700555]Household Food Insecurity in the UK 
1.2.1 [bookmark: _Toc187618480][bookmark: _Toc190446908][bookmark: _Toc190446989][bookmark: _Toc190455495][bookmark: _Toc206700556]Definitions of HFI
The key drivers of HFI in the UK are poverty and disadvantage, which can create economic barriers to accessing and affording adequate nutrition(1). HFI exists on a severity scale.  At the mild end, HFI can manifest as worry and anxiety about access to food and preferred food choices, while moderate HFI could be defined by consuming food of poorer quality than is desired and reducing meal frequency. On the severe end, HFI can be characterised by having access to insufficient quantities of food and experiencing hunger (11). HFI severity is dynamic and can change in response to availability of financial resources and employment status(12). Additionally, the entire experience of HFI may also vary in duration, and may be experienced persistently, acutely or cyclically(13). 
1.2.2 [bookmark: _Toc187618481][bookmark: _Toc190446909][bookmark: _Toc190446990][bookmark: _Toc190455496][bookmark: _Toc206700557]HFI prevalence and trends in the UK 
The Food Standards Agency’s (FSA) Food and You 2 survey and Department for Work and Pensions (FRS) survey are the two key surveys that measure HFI in England, Wales and Northern Ireland, and all of the UK, respectively (14,15). The Food and You 2 survey measures HFI every 6 months surveying approximately 6,000 adults(14). While the FRS is an annual survey which measures HFI of approximately 20,000 households (15). Both surveys use the validated US Department of Agriculture’s (USDA) Adult Food Security Survey Module (AFSSM) tool to measure HFI, which asks respondents of their experience of HFI over the past 12 months(16). 

General HFI trends in the UK are presented in Figure 1 using data from the Food and You2 and the FRS surveys(15,17). The figure shows a rise in HFI across the UK (FRS) and in England, Scotland and Wales (Food and You2) from the post COVID-19 era (2021 onwards), that appears to remain persistent. This highlights the urgent need to address HFI and understand its implications for child populations and wider policies. 

[image: A graph showing food security trends
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[bookmark: _Ref187414505][bookmark: _Toc206702327]Figure 1: HFI trends in the UK using data from the DWP FRS survey and Food and You2 survey(15,17)

1.2.3 [bookmark: _Toc187618482][bookmark: _Toc190446910][bookmark: _Toc190446991][bookmark: _Toc190455497][bookmark: _Toc206700558]HFI prevalence in families with children

During the COVID-19 pandemic, The Food Foundation, an independent UK-based charity, set up The Food Foundation Tracker to collect short-term HFI experience data (recall of 1 month). The purpose of the tracker was to complement the FRS and Food and You2 surveys and focus on timely HFI trends in vulnerable groups including families with non-adult children (under 16 years)(18). The tracker data revealed a disproportionate persistent presence of HFI in families with children, which is presented in Figure 2. From January 2021 to January 2022, there was a rise in families with children reporting HFI (9.6% to 12%). In families without children, a dip in HFI prevalence was reported between January 2021 to September 2021 (6.6% to 5.8%) before a rise was reported in January 2022 (7.8%). A steep rise in HFI in families with children (12.1% to 25.8%) and families without children (7.8% to 16%) was reported between January 2022 to September 2022, where the rise was greater among families with children. This increase aligns with the rising cost of living(19). Between September 2022 until May 2024, the prevalence of HFI in both groups has been declining but remains steadily high compared to the pre-2022 period. In May 2024, 18% of families with children reported HFI compared to 11% without children. Further data from The Food Foundation tracker found that 18.7% of households in June 2024 (not presented in the graph), reported that children were directly experiencing HFI, where 11.8% relied on low-cost food, 9.2 % did not receive balanced meals, 3.5% reported not having enough to eat and 2.7% reported skipping meals(20). 
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[bookmark: _Ref187414496][bookmark: _Toc206702328]Figure 2 HFI prevalence in families with and without children (under 16 years old). Reproduced from The Food Foundation Tracking Round 15 (20).
1.2.4 [bookmark: _Toc187618483][bookmark: _Toc190446911][bookmark: _Toc190446992][bookmark: _Toc190455498][bookmark: _Toc206700559]HFI risks in families with children
There are many factors that increase the risk of HFI in families with children, including low household income which is a key driver of this phenomenon(3). Low- income families spend a higher proportion of their income on food; and have less disposable income thus, they are more vulnerable to changes in food prices(21). Data from The Food Foundation found that families within the poorest fifth of the population with children would have to spend approximately 70% of their disposable income to meet the Government-recommended healthy diet guidelines, compared to families without children also in the poorest fifth of the population who would be spending approximately 42% of their disposable income
(22).  Additionally, households living in persistent poverty are also at higher risk of being food insecure, due to accruing debts, and lack of savings, which make households vulnerable to changes in the wider economic environment(23). 

Low-income is a risk factor for HFI in families with children compared to those without, as they may face additional financial related to childcare arrangements, school-related expenses and a need for larger household food budgets(24,25). Higher HFI levels are observed in single-parent households than multi adult households (36% vs 17.6%) with children, driven by lower income and greater financial instability compared to dual parent families(26). Due to the responsibilities of childcare, single-parent families may also face barriers to employment, further exposing them to HFI(27).  

In the UK, low-income families with three or more children are more likely to experience HFI due to the implications of the two-child limit benefit policy(28,29). The two-child policy was introduced in 2017 by the Conservative government and meant that families could only receive means-tested financial support from the state for their first two children only. The policy has been a subject of controversy since its roll out, and has been shown to exacerbate HFI and have both poor health and social implications for disadvantaged children across the life-course (3,28). Data from The Food Foundation collected in 2024 found that families with two children were more likely to experience HFI compared to larger families with three or more children(20). 

In the UK, HFI is also more prevalent among households where the head of the household is of an ethnic minority, disabled, receiving means-tested benefits(2). Households with younger adults, lack of home ownership, and those that experience long-term employment are also more likely to be food insecure(17). These vulnerabilities may be exacerbated in low-income families with children, particularly those in absolute poverty and material deprivation (2). Families where one or both parents were unemployed, and where parents spent great lengths of time in unemployment were also more likely to be food insecure, than those where both parents were employed. 

1.3 [bookmark: _HFI_and_its][bookmark: _Toc187618484][bookmark: _Toc190446912][bookmark: _Toc190446993][bookmark: _Toc190455499][bookmark: _Toc206700560]HFI and its impact for child health and policy
Studies predominantly from the US have found an association between HFI and a range of detrimental physical, mental and psychosocial health outcomes in children using quantitative methods. These outcomes include child overweight/obesity, poor diet quality, untreated dental caries, depression, anxiety, and greater internalising and externalising behavioural difficulties(4). Families in the UK who report HFI are less likely to purchase fruit and vegetables. Poor diet quality can have negative health implications for children, contributing towards metabolic conditions such as childhood obesity/overweight (30). Additionally, HFI can be unequally distributed among members of the household, and parents may skip meals to feed their children(31,32). Parents experiencing food insecurity may suffer with poor mental health, which may place stress on the parent-child bond, parents’ ability to care for their children and have indirect negative implications for child health(32,33).

There is limited evidence evaluating HFI and child health outcomes in the UK, however this research suggests that HFI is associated with greater odds of overweight and obesity in children and adolescents aged 4-17 years (34–36). In 2022, data from the NHS recorded 11.8% of children with a probable mental disorder living in HFI(37). HFI may have negative implications for child health trajectories, and contribute to long-term health disparities, placing greater burden on the healthcare system(38,39). For example, following the COVID-19 pandemic the current cost of child obesity is predicted to incur a lifelong cost of £800 million to the NHS and £8.7 billion to society(40). The prevalence of childhood obesity is greater amongst socioeconomically deprived populations who have a greater likelihood of being food insecure. The implications of HFI extend beyond the healthcare system, where poor child health as a result of HFI can adversely affect health in adulthood, educational attainment and subsequent employment opportunities(4). Thus, perpetuating cycles of poverty and inequality among disadvantaged populations(41). This highlights the complex nature of HFI as a public health problem in child populations, which has negative implications for health in childhood that may stretch into adulthood and impact individuals’ life trajectories. However, no health economics models currently exist which estimate the impact of HFI on short or long-term child health related outcomes. 

Knowing what works to mitigate the impact of HFI on child health requires the evaluation of current policies and interventions that target child health particularly in low-income children who are at greater risk of being food insecure. School-based feeding interventions are an example of a dietary intervention that aim to improve educational inequalities in disadvantaged children(9,42). However, these are currently not considered health policies. An evaluation of these interventions for their short or long-term health impacts of HFI in children can provide valuable insights into their effectiveness as public health interventions. Such an evaluation could be used to inform policies and target interventions to help mitigate the harmful health consequences and health inequalities associated with HFI that is experienced in childhood. 

1.4 [bookmark: _School-based_feeding_interventions][bookmark: _Toc187618485][bookmark: _Toc190446913][bookmark: _Toc190446994][bookmark: _Toc190455500][bookmark: _Toc206700561]School-based feeding interventions in the UK
In the UK there are several school-based feeding interventions implemented by the Government, local councils and wider charitable organisations as part of policy initiatives that aim to improve children’s educational attainment and improve social inequalities. Outside of the home, school is a location where children spend the majority of their time, which makes the school-setting an ideal setting for public health intervention(42). Children also consume a third of their total food intake during school(43). Public health interventions for children can be considered preventative approaches for improving children’s immediate and long-term health(44).  Each devolved nation has a set of nutritional guidelines for all food and drinks served within the school-setting throughout the day(45–49). These guidelines aim to ensure that the school food provisions provide adequate healthy and balanced meals. 

School-based feeding interventions aim to provide balanced nutrition to improve classroom learning however they have the potential to improve health and reduce dietary inequalities of food insecure children via nutrition(42,50). There is evidence that HFI prevalence is greater in FSM-eligible children and the number of children eligible for FSM has increased in parallel to the rise in HFI in the UK, which emphasises the importance of evaluating these policies for their impact on HFI related health outcomes(51).

The next sections will describe the government led key school-based feeding interventions in the UK and devolved nations that may be evaluated for their impacts on health. 

1.4.1 [bookmark: _Toc187618486][bookmark: _Toc190446914][bookmark: _Toc190446995][bookmark: _Toc190455501][bookmark: _Toc206700562]Free School Meals
The free school meals (FSM) policy was historically designed to support children of low-income families to receive nutritionally adequate meals, to support their learning. In England, up until 2008, FSM was provided to children based on household income and welfare benefits criterion(9). In 2008, the English government rolled out a universal FSM (UFSM) pilot which made FSM accessible to all primary school children in Newham and Durham (52). The results of the UFSM were found to enhance take-up rates of school meals. This resulted in the rollout of the UFSM policy in 2014, to all reception class, year 1 and year 2 primary school pupils (aged 5-7 years) across England(9). In early 2015, the Scottish Government followed suit and rolled out their own UFSM to P1 to P3 infant school children, which since 2022 has now been extended up to P5 primary school children in all state-funded schools (8-10 years)(53–55). Similarly in Wales, the UFSM for primary school children began its roll out in 2022, and since 2024, all primary school pupils are now eligible for UFSM. Northern Ireland currently offer means-tested FSM to school children across primary and secondary schools(56). 

1.4.2 [bookmark: _Toc187618487][bookmark: _Toc190446915][bookmark: _Toc190446996][bookmark: _Toc190455502][bookmark: _Toc206700563]Breakfast Clubs
Breakfast clubs were an initiative developed in the 1990s to provide breakfast to school children who arrived early to school, and to reduce social inequalities resulting from food poverty and child food insecurity(57). School breakfast programmes vary across the UK and are not available in every school. There is also variation between programmes in terms of cost, food offered, and opening times and durations(57).

In Scotland, England and Wales governments provide funding for primary schools to host breakfast clubs on a voluntary basis where schools must apply for this funding. In addition, breakfast clubs also receive funding from various industry partners such as Kellogg’s and Greggs, and charitable organisations such as the Magic Breakfast clubs(57). Funders for breakfast clubs often target schools in disadvantaged areas, to support children of lower socioeconomic backgrounds. 

1.4.3 [bookmark: _Toc187618488][bookmark: _Toc190446916][bookmark: _Toc190446997][bookmark: _Toc190455503][bookmark: _Toc206700564]School Fruit and Vegetable Scheme in England
The school fruit and vegetable scheme (SFVS) in England was launched in 2000 after the introduction of the NHS plan by the Department of Health and Social Care in a bid to increase the consumption of fruit and vegetables in young children, helping them to meet the UK’s recommendation of five-a-day for fruit and vegetable consumption(58,59).The scheme supplies all children aged 4-6 years old who attend state schools a free piece of fruit or vegetable portion each school day. 

1.4.4 [bookmark: _Key_evidence_gaps][bookmark: _Toc187618489][bookmark: _Toc190446917][bookmark: _Toc190446998][bookmark: _Toc190455504][bookmark: _Toc206700565]Key evidence gaps for cost-effectiveness evaluations in health
Few studies have examined the cost-effectiveness of school-based feeding interventions as public health interventions for their impact on child health. A 2018 report analysing the UFSM policy using qualitative survey data found that the policy had positive impacts on school meal take up, and parent-reported child behaviours(60). The report conducted a cost evaluation of the policy and found that UFSM produced a net economic benefit to parents, when considering the cost of policy implementation and costs saved by parents by not having to purchase ingredients for packed lunches(60).  However, the report did not include estimations for child health and health-related costs. Similarly, prior to the expansion of the UFSM policy in Wales, a study by the Bevan Foundation modelled the cost implications of expanding the FSM policy to all children of households receiving universal credit in Wales. The reported modelled policy implementation costs, and cost-savings to households but did not consider costs associated with child health(61).

A quantitative evaluation of the UFSM two-year pilot trial in England found that UFSM had positive impact on child policy take up, dietary intake at lunch time (parent-data coded to the National Diet and Nutrition Survey), but not child body mass index (BMI)(62). The authors of this study conducted a cost-effectiveness analysis to assess whether the cost of the interventions was justified by the benefits in take-up, educational attainment and diet (narrowly characterised by crisp, biscuits/cake, and fruit consumption). The authors acknowledged that they could have included more food groups, but did not, as their main focus was on educational attainment. The evaluation considered costs of implementing the policy, and costs of providing free meals to pupils who could have afforded them without the policy. The results found that UFSM was value for money when compared to the benefits of take-up and attainment but not diet. It is possible that considering wider diet quality indicators, costs associated with improvements in health, and cost-savings to low-income households as a result of policy, could have produced different results. 

In 2022, Impact on Urban Health reported a cost-benefit analysis of expanding FSM provisions in England(63). The analysis used a broad societal perspective and developed a Theory of Change to conceptualise the benefits of expanding FSM in two scenarios (A) FSM to all state school pupils receiving universal credit, and (B) FSM provision for all children attending state schools. The evaluation assessed cost-savings over a 20-year period, and estimated mitigation of NHS-costs associated with treatments for childhood obesity, savings to schools, and food expenditure savings for families as a result of the scenarios. Both scenarios demonstrated a positive return on investment, with Scenario B yielding substantial savings for families in food costs, and reductions in NHS costs associated with childhood obesity. The analysis considered food cost savings to families as a proxy for HFI, which has its limitations in accurately capturing this multifaceted construct (64). The analysis did not estimate intervention impact on the relationship between HFI and child diet, as this pathway was not considered in their model. The analysis also did not estimate the wider child health implications associated with HFI beyond cost of averting treatment for childhood obesity. Sociodemographic factors that may influence intervention effectiveness were not reported. 

This short summary of existing cost-effectiveness evaluations of UK school-based feeding interventions for their impact on child health, highlights an evidence gap that supports the need for a health economics model which estimate the impact of HFI on child health. HFI is a complex public health problem influenced by many factors from the individual level such as ethnicity, to the outer level such as social policies. School-based feeding interventions can have implications for the child across both education and health, which may impact their life course, as well as having impact on their parents (e.g. via cost savings) and HFI. These interventions are delivered among wider policies including those that have a primary aim to improve child health and wider population health. The public health economics modelling approach provides a valuable and structured framework for evaluating school-based feeding interventions as public health interventions for their impact on HFI-related child health, accounting for these complexities. 

1.5 [bookmark: _Public_Health_Economics][bookmark: _Toc187618490][bookmark: _Toc190446918][bookmark: _Toc190446999][bookmark: _Toc190455505][bookmark: _Toc206700566]Public health economics modelling approach 
1.5.1 [bookmark: _Toc187618491][bookmark: _Toc190446919][bookmark: _Toc190447000][bookmark: _Toc190455506][bookmark: _Toc206700567]Introduction to economic evaluation

Economic evaluation in health economics, is a method used to compare the cost and benefits (or outcomes) between two or more alternative treatment options for the same disease/therapeutic area, to decide upon which is the most cost-effective option and ‘worthwhile’ in pursuing, given finite budgets for health and social care(65)

There are three main types of economic evaluations within healthcare: cost-benefit analysis (CBA), cost-utility analysis (CUA) and cost-effectiveness analysis (CEA). In CBA the cost and benefits of an intervention or programme are valued in monetary terms . In CEA, costs are left in monetary terms, but benefits are valued in natural units such as life years saved. CUA is the most common form of economic evaluation used in healthcare and is recommended for use by the National Institute of Health and Care Excellence(65,66). In CUA costs are expressed in monetary terms, and benefits are measured in health utilities, commonly known as quality adjusted life years (QALYs). The QALY is a composite measure of mortality and morbidity and is useful for evaluating interventions for their impact on both the quantity and quality of life (QoL). It is a universal metric that can be used to compare the effectiveness of interventions across a broad range of therapeutic areas(67). 

In a CUA, cost and QALYs can be used to produce an incremental cost-effectiveness ratio (ICER), which represents the additional cost per QALY gained when comparing two alternative interventions (or sometimes no treatment if that is considered standard practice)(65). The intervention with the lower ICER is considered the most cost-effective intervention. However, the interpretation of the ICER depends on the decision-maker’s willingness-to-pay (WTP) threshold. For the NHS, NICE typically uses a threshold of £20,000 to £30,000 per QALY to determine whether an intervention offers sufficient value to justify its funding(66).

1.5.2 [bookmark: _Toc187618492][bookmark: _Toc190446920][bookmark: _Toc190447001][bookmark: _Toc190455507][bookmark: _Toc206700568]Decision-analytic modelling in health economics
Decision modelling compares the cost and benefit of alternative treatments and technologies using computer-based mathematical models(65,68). It is a widely used method in economic evaluation that estimates intervention impacts by synthesising evidence from various data sources, including clinical trials, observational studies, real-world evidence, and expert opinion(68). Depending on the research problem, there are many model types to choose from each with their own strengths and limitations (69–71). 

Economic evaluation using decision modelling has many advantages. First, it can evaluate multiple therapies simultaneously, which may not be possible within a single trial. Decision models are specifically designed to answer policy questions that may not be answered by trial data, particularly if the objective of the trial does not align with the aims of the health economics modelling. Models can also control for confounding factors (e.g., socioeconomic status) that can influence intervention effectiveness and the relationship between prognostic factors and outcomes, enhancing the validity and reliability of predictions(68).

Decision-analytic models can compare the health outcomes and costs of interventions across various time horizons (short, medium or long term), depending on the decision-makers requirements, which is not always possible to do using trial-based economic evaluations that have limited follow-up periods. Being able to model long time horizons is particularly important for evaluations of public health interventions in children whose costs are incurred in the present but whose benefits may not be realised in the future(65,68). 

Decision-analytic models have the ability to connect intermediate outcomes to long-term outcomes in a structured framework. This is useful for when there is a lack of long-term data available for intervention impacts on health outcomes. If the relationship between intermediate and longer-term outcomes has been established already, intermediate outcomes, such as diet, can act as proxies for future health and economic benefits of intervention impacts(68,72).  For example, there may be data to suggest school-based feeding interventions can improve child diet, additional data can then be added to the model to predict the impact of this improvement on obesity, which may manifest in the future.

Decision-analytic models can account for different conditions and scenarios for which policy impacts can be evaluated. This can enable the estimation of what would happen if certain policies were expanded, e.g. if the UFSM policy were expanded to secondary schoolchildren or targeted to only certain subgroups. Scenario analyses have previously been demonstrated in the report by Urban Health in their CBA (section 1.4.4)(63). 

Decision models are simplified representations of complex systems, and their structure and input information rely on a set of assumptions. While these assumptions are informed by existing literature and expert opinion, testing for uncertainties in assumptions is a critical part of ensuring robustness of the model and reliability in its results(68,72). Uncertainties can be assessed by sensitivity analyses that allow parameters, scenarios, thresholds, or the structure of the model to vary(72,73). Modelling enables the exploration of different assumptions and allows decision makers to make informed choices even in the presence of uncertainties(68).

A limitation of decision modelling is that their results are based on the quality of the data used to populate them. For example, lack of longitudinal data can make it difficult to infer patterns and trends between exposure and outcome variables, making it challenging to assess the true impact of interventions on health trajectories(65,68). Additionally, data that is available might not be truly representative of the population for which the intervention would be targeted, and it may not be possible to conclude how interventions would impact particular subgroups of interest(68). 

1.5.3 [bookmark: _Toc187618493][bookmark: _Toc190446921][bookmark: _Toc190447002][bookmark: _Toc190455508][bookmark: _Toc206700569]Unique considerations in public health economics modelling
Public health economics modelling is subject to the same challenges as health economics modelling of standard health technologies, however faces additional challenges due to the complex nature of public health interventions(74). Unlike standard health technologies that aim to improve the health of an individual, public health interventions commonly focus on improving population health and reducing health inequalities(75). Moreover, while models of standard interventions generally estimate only average intervention impacts as a starting point, models of public health interventions aiming to improve health inequalities, must consider that interventions impacts may differ between subgroups receiving the interventions(74). For example, school-based feeding interventions may produce greater health benefits for food insecure children, previously receiving inadequate nutrition, than food secure children who have adequate access to healthy food. One way to model this would be to include equity impacts in the analysis (i.e. distributional cost-effectiveness analysis) and adopt simulation methods that allow for heterogeneity (70,76). 

For a standard health technology assessment (HTA), NICE recommend the adoption of the NHS and personal and social services (PSS) perspective, to include direct and indirect medical costs and outcomes. However, public health interventions are complex in the sense that they produce outcomes both within and outside of the healthcare system(74). For example, school-based feeding interventions may produce benefits in health, educational attainment and employment prospects. Using a standard approach means that these wider costs and benefits would not be included in the evaluation, resulting in unreliable conclusions about the intervention’s true impacts(69,74). These wider impacts may be important to policymakers and failing to consider them may results in poorly designed interventions and missed opportunities for policy improvements(75). Considering these challenges, in their public health reference case, NICE recommend adopting a wider perspective for assessing the cost of public health interventions which includes both health (NHS and PSS) and non-health related costs(77).

Public health problems, such as HFI, can be considered the property of a complex system which consists of multiple interconnected components, and has multiple causes and consequences(69,78). These systems are characterised by emergence, where system-level outcomes arise from the interactions of components and are more than the sum of their parts; feedback, where changes in one component loop back to influence others within the system; and adaptation, where systems and individuals adjust to internal or external changes(78). The relationships between components of the system are non-linear, have multiple feedback loops and are vulnerable to the social determinants of health. The Dahlgreen and Whitehead five-tier rainbow model (see Figure 3) is the most common depiction of the social determinants of health, which include individual characteristics at the innermost level and wider determinants such as living and working conditions at the outermost level (79). These factors determine overall health, health inequalities and the effectiveness of public health interventions(74,75). While constitutional factors, age and sex (at the core of Figure 3) are set, the other wider factors can be modified by intervention. This highlights the dynamic nature of complex systems, where changes to one element of the system can lead to changes in other parts of the system. Additionally, modellers must also consider that public health interventions occur within an ever-changing economic and geopolitical landscape, of which individuals have limited control. Economic evaluations of public health interventions occurring within these systems, should not assess individual components of the system in isolation but consider the system as a whole to accurately estimate interventions impact (considering all intended and unintended consequences)(75). For example, school-based feeding intervention may have direct implications for children health, but may also have spillover effects for their caregivers (80). 

An additional challenge of modelling complex public health interventions is that their effectiveness may be dependent upon human behaviour (81). Behaviours can be defined as individual’s actions and choices, e.g. lifestyle behaviours (e.g. smoking and dietary behaviours) that are often shaped by their societal norms and cultural beliefs(82). Human behaviour is not static and constantly adapts to changes within the system which can have a cascading effect on other elements of the system(81). For example, a school-based feeding intervention that switches from means-tested to universal provision, may enhance take-up in children who were previously eligible for FSM but who did not take-up this provision due to stigma associated with receiving social benefits. This could have a knock-on effect on child eating behaviours, diet and overall health. Incorporating behavioural theories may improve model results, and agent-based models (ABMs) are examples of modelling types that can do this when evaluating complex public health interventions(83,84). 

There are several public health actors involved in a system that have varying degrees of influence over the effectiveness of an intervention(85). Policymakers shape societal structures by establishing eligibility criteria for policies, such as FSM, while individual behaviours shape the community-level impact of these policies. A systems approach considers these interactions and feedback loops to provide a comprehensive assessment of intervention impacts on modifiable model factors(69). 
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[bookmark: _Ref190709769][bookmark: _Toc206702329]Figure 3: Rainbow model of the determinants of health. Reproduced from Dahlgreen and Whitehead (1991)(79)

There is guidance available which considers the unique challenges of public health interventions and aims to help health economic modellers decide whether a complex systems model should be used to address a decision problem(69). The guidance provides a toolkit for model selection which also discusses various computational model types that could be used. However, before a modelling type can be chosen and “hard model” implemented, it is critical to first develop a comprehensive understanding of the research problem and translate this into a model structure whose components can be tested and adapted as required. The process of developing this structure is called conceptual modelling which is recommended as an early step in the development of health economics models(86).  

1.5.4 [bookmark: _Conceptual_modelling_in][bookmark: _Toc187618494][bookmark: _Toc190446922][bookmark: _Toc190447003][bookmark: _Toc190455509][bookmark: _Toc206700570]Conceptual modelling in health economics model development

Conceptual models are simplified versions of real-world processes within a system at an appropriate degree of abstraction that is relevant for addressing a particular problem. The purpose of a conceptual model is to provide a visual representation of a specific research problem or hypothesis using simplifying assumptions(87,88). Conceptual models are used in many disciplines including but not limited to, communications, environmental sciences, computer science, engineering, social science, and systems science. 

An example of conceptual modelling is systems mapping, which provides a high-level overview of a research problem by framing it as an interconnected system of dynamic components. Systems mapping is often conducted to identify how changes in one part of the system can affect the others and may be used for restructuring organisations and re-defining intervention pathways(69,89). When undertaking conceptual modelling of public health interventions, systems thinking can be applied to simplify and structure a specific public health research problem. Conceptual models in public health economics can be used to abstract key components of research problems and illustrate hypothesised causal relationships between them. Conceptual modelling using systems thinking helps the modeller to visualise complex public health problems that can be caused by multiple causes, have several consequences and are characterised by feedback loops. In such cases public health intervention may impact numerous components within the systems and also have unintended consequences which would be important to policymakers evaluating these interventions. Thus, conceptual modelling ensures that all of the relevant components, their relationships and products within a system are captured to an appropriate degree(33,34). 

The process of developing a decision-analytic health economics model involves several steps, where the earliest stages are understanding and specifying the decision problem, defining model boundaries and specifying an appropriate model structure (65,75). Modellers are faced with the task of making decisions about the model structure, including which model components to include and exclude, and how the relationships between these components and their outputs are represented. This decision- making process is known as the conceptual modelling phase of the health economics model development process. A stylised model development process is presented in Figure 4 and is reproduced from a qualitative study where twelve modellers described their experiences of developing health economics models(90). Conceptual modelling was identified as a component of the early stages of model development and involves developing an understanding of the decision problem and translating this into an appropriate model structure. The authors of the study noted that conceptual modelling was often undertaken implicitly, rather than as a formalised step. The conceptual modelling phase, when undertaken correctly, is important for developing model structures that are appropriately designed to meet the needs of end-users, aims of policymakers and address the decision problem under consideration. A formalised conceptual modelling process is recommended to evaluate model structural uncertainties to ensure that the end-resulting “hard model” is contextually relevant and produces useful outputs. Since the qualitative study was published, guidance has been developed for how to undertake conceptual modelling as a formal step for health economics model development(86,88,91).
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[bookmark: _Ref187593319][bookmark: _Toc206702330]Figure 4: Stylised model development process. Reproduced from Chilcott et al., (2010)(90)

The NICE Decision Support Unit (DSU) and International Society for Pharmacoeconomics and Outcomes Research (ISPOR) provide health economics modellers with guidance for conceptual modelling(86,91). Both the NICE and ISPOR guidance split the conceptual modelling process into two steps: (i) conceptualisation of the research problem (problem-based model) and (ii) conceptualisation of the quantitative model structure (design-based model). The problem-based conceptual model involves mapping out all relevant components of the system in which the research problem exists, and the relationship between these components. The purpose of this phase is to create a schematic that reflects the current knowledge of the health problem (HFI and child health) and illustrating intervention impacts with this system(86). This stage should not be limited by data availability as this can lead to a narrow view of the problem and the potential exclusion of components that would be relevant for answering the research question.  The second stage of the process is where a narrower boundary is placed around the problem-based conceptual model to produce a design-based conceptual model. The aim of design-based conceptual is to develop a preliminary structure for the quantitative final mode and data is identified that can be used to parameterise the quantitative model. While the problem-based conceptual model is concerned with “what is relevant?”, the design-based conceptual model asks “what is feasible? given the availability of data(86). Figure 5 shows the hierarchy of models which begin with translation of evidence from the real world into a final implemented model, with problem-based and design-based conceptual modelling as the interim step within an iterative process(86,92). 

Both guidance recommend involving relevant stakeholders throughout the conceptual modelling (and the health economics model development process as a whole), who can enhance the credibility and validity of the model structure. 
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[bookmark: _Ref190709818][bookmark: _Toc206702331]Figure 5: Hierarchy of models. Reproduced by Tappenden et al., (2012)(92)
While NICE and ISPOR provide guidance on producing conceptual models for standard health technologies, they do not consider the additional challenges of public health interventions. In 2016, guidance was published that provided modellers with the first framework for conceptual models specifically for economic evaluations of public health interventions(88). The framework is built on four key principles which include: 

1. A systems approach to modelling should be taken
2. A documented understanding of the problem before and alongside, developing and justifying the model structure to a valid, credible and feasible model structure
3. Strong communication with stakeholders and members of the team throughout the model development process to ensure model transparency, validity and credibility. 
4. Systematic consideration of the determinants of health central to identifying key impacts of the intervention in public health economic modelling. 

The conceptual modelling framework considers these four key principles and sets out four methodological phases (see Figure 6) to develop the model structure of public health models. Phase A involves aligning the framework to the decision-making process, in which a plan is set out on how to use the framework for a particular research problem. Phase B involves identifying stakeholders, phase C develops the understanding of the problem and translating this into a problem-based conceptual model and phase D is the design-based conceptual modelling step that leads to the development of an appropriate model structure. Phases B-D can be iterative in nature, as shown by the arrows in Figure 6. 

[image: A diagram of a model
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[bookmark: _Ref190709837][bookmark: _Toc206702332]Figure 6: Overview of conceptual modelling framework for public health economic modelling. Reproduced from Squires et al., (2016)

HFI has a detrimental impact on child health (section 1.3), and school- based interventions are key child-focused dietary interventions that are multicomponent and could mitigate the impact of HFI on child health outcomes (section 1.4). Currently, there is limited evidence on the direct relationship between school-based feeding interventions and child health, and no evidence on how these effects may interact with HFI. For example, school-based feeding interventions may improve child diet, however it is unclear whether they would make substantial improvements in food insecure populations, and improve HFI. While there is evidence to demonstrate that HFI has negative impact on child health, the mechanisms by which this occurs are not fully understood. HFI is a complex public health problem with many causes and consequences, and it is imperative to understand its unique contributions (separate to general economic hardships) to child health. Understanding these mechanisms, will be critical for evaluating the health impacts of school-based feeding interventions in food insecure children. 

To develop a model structure of HFI and child health, the phases of the conceptual modelling framework described above will be followed, with adaptations as necessary(88). The methodology for each phase and the relevant chapter where it is located is discussed below: 

Phase A 
The research problem identified in this thesis is HFI and its impacts on child health. This introductory chapter provides a rationale for developing a model structure for HFI and child health for the aim to build a public health economics model that can be used to evaluate school-based feeding interventions in UK child populations. As part of the PhD process, a proposal was written to support this research, with timelines and goals updated during its progression over the past three years. 

Phase B and C 
A rapid literature review (Chapter 2) summarises quantitative studies reporting on the mechanism by which HFI is associated with child health outcomes in Western high-income countries (HICs), provides an updated account which outcomes are associated with HFI, and identifies the key sociodemographic determinants of HFI. The results of this review inform the design of a preliminary problem-based conceptual model, which provides the foundations for further model adaptations. A rapid literature review (Chapter 3) summarises the effectiveness and cost-effectiveness of UK school-based feeding interventions for their impacts on HFI-related child health outcomes (which were identified in Chapter 2).  The results of both of the rapid literature reviews are consolidated to further develop the problem-based conceptual model, and any evidence gaps identified by the reviews are used to inform a stakeholder workshop (Chapter 4). The results from the consolidation of the reviews, stakeholder expert opinion, and a set of pragmatic reviews are used to inform the final problem-based conceptual models, which are separated into static and dynamic problem-based conceptual models (Chapter 4). 

Phase D 
The understanding of the research problem (Chapter 4), review of the effectiveness of interventions (Chapter 3), stakeholder opinion and a pragmatic review of health economics models are used to develop a design-based conceptual model of HFI and child health (Chapter 5). The model time horizon, type, perspective and target population are also discussed. The model structure consists of three core relationships between (i) HFI and child diet quality, (ii) HFI and child behaviour and (iii) HFI and child behaviour via parent mental health. Anticipated intervention impacts on these model components are also included in the model structure. Due to the data requirements of the thesis and evidence gaps in the literature (lack of UK studies), the model structure remains simplistic and identifies the Born in Bradford (BiB) Growing Up study data that can be used to quantify the relationships within the model. Phase D of the framework is adapted in this thesis, and several aspects are considered out of scope at this stage, such as decisions about resource use pathways, addition of wider health outcomes, or wellbeing outcomes (QALYs). The BiB data are used to quantify the relationships between HFI and child diet quality (Chapter 6), and HFI, child behaviour and parent mental health (Chapter 7). 









1.6 [bookmark: _Toc187618495][bookmark: _Toc190446923][bookmark: _Toc190447004][bookmark: _Toc190455510][bookmark: _Toc206700571]Aims and Objectives of the thesis
This PhD aims to develop a design-based conceptual model of HFI and child health outcomes and quantify the pathways within the model structure. The aim of developing this model structure is for the purposes of developing a public health economics model of HFI and child health, that can evaluate the role of school-based feeding interventions as public health interventions, in the UK. To meet the aim, the objectives of this thesis are as follows:
1. Conduct a rapid review of the current literature explaining the mechanism by which HFI is associated with child health outcomes and additionally provide an updated account of which health outcomes are associated with HFI (Chapter 2) 

2. Conduct a rapid review of the current literature examining the cost effectiveness/ effectiveness of school-based feeding interventions in the UK on child health outcomes (Chapter 3)

3. Develop a problem-based conceptual model of HFI and associated child health outcomes using findings from the reviews in Chapters 2 and 3 and guidance from a stakeholder engagement workshop (Chapter 4)

4. Develop a design-based conceptual model of HFI and relevant child health outcomes with help from stakeholders and a pragmatic review of pre-existing health economic models (Chapter 5) 

5. To identify dataset that can be used to quantify the relationships within the design-based conceptual model structure of HFI and child health outcomes (Chapter 5)

6. Examine the association between HFI and dietary quality indicators in school-aged children using a UK-based dataset to provide parameters for a future health economics model using multivariate linear regression methods (Chapter 6) 

7. Examine the direct association between HFI and child behavioural outcomes and indirect relationship via parent mental health as a mediator using structural equation modelling (Chapter 7)

8. Discuss the key contributions of the thesis within the context of the wider literature and consider the implications for further research (Chapter 8) 

[bookmark: _Toc187618496]The outcomes of this thesis are expected to generate findings that can be further developed to support the development of a public health economics model for HFI and child health. The thesis outputs are expected to provide a comprehensive overview of the current knowledge on the relationship between HFI and child health (Chapter 2-4) with expert opinion (Chapter 4-5) helping to identify the key school-based feeding interventions, and their anticipated impacts on the key outcomes and pathways relevant to policymakers that would be involved in evaluating these interventions for their impacts on health (Chapter 5). The findings from Chapters 6 and 7 are expected to be novel and provide a further understanding of the relationship between HFI and key child health outcomes (diet and behaviour) in a UK-specific context. The implications of the findings from Chapters 6 and 7 are expected to provide insight into factors that policymakers may consider when targeting dietary interventions in food insecure child populations. Furthermore, the results are expected to highlight outcomes to consider when designing economic evaluations of school-based feeding interventions for their impact on health, i.e. enhancing data collection for school-based feeding intervention impacts on HFI-related child health. The outputs of this thesis are expected to add to a growing body of research in this area and provide value within the academic community, creating avenues for further research. 










2. [bookmark: _Household_food_insecurity,][bookmark: _Toc187618497][bookmark: _Toc206700572]Household food insecurity, child and adolescent health outcomes: a rapid review of mechanisms and associations

[bookmark: _Toc206700573]2.1 Chapter Overview 
This chapter was submitted as a manuscript to the Public Health Nutrition Journal and is currently in the revise and resubmit stage. This manuscript formed part of the evidence base for Phase C of the conceptual modelling process which contributes towards the understanding of the research problem by describing quantitative studies that examined the mechanisms by which HFI is related to child health outcomes, and identified which health outcomes it is associated with(88).The results of the review within this chapter were used to produce a preliminary problem-based conceptual model of HFI and child health which formed the foundation for further adaptations during conceptual modelling in Chapter 4.
[bookmark: _Toc206700574][bookmark: _Toc187618498]2.2 Introduction
Food security is defined as a “situation when all people at all times have physical, social, and economic access to sufficient, safe, and nutritious food which meets their dietary needs and food preferences for an active and healthy life”(1).  Conversely, food insecurity can be characterised as a situation where there is disruption to the access of adequate and nutritious food due to insufficient money and other resources. Household food insecurity refers to food insecurity experienced at the household level.

In 2022, The Food Foundation reported that 4 million children in the UK were experiencing HFI(2) and a previously published rapid review of HFI and child health outcomes found that HFI had detrimental impact on the physical, psychosocial wellbeing of children and adolescents(3). There is also evidence to suggest that the harmful health impact of HFI in childhood may have detrimental health consequences into adolescence and early adulthood(4, 5). However, little is known about how HFI leads to or is associated to poor child and adolescent health outcomes. 

To the authors' knowledge, no review has attempted to synthesise the literature on mechanisms to consider HFI’s multiple health impacts and impacts over time. This rapid review aims to fill this evidence gap and additionally provide an updated review of child/adolescent health outcomes associated with HFI, targeting child and adolescent populations in Western high-income countries (HICs), that reflect the UK child/adolescent population. 

2.2 [bookmark: _Toc206700575]Aims
The primary aim of this review was to identify and summarise the current literature reporting on the mechanisms by which HFI is associated with child and adolescent health outcomes. The secondary aim of this review was to provide an updated account of the key HFI determinants, and the child/adolescent health outcomes associated with HFI. In this review mechanisms are defined as causal pathways that are analysed by statistical methods to examine how HFI is associated with child health. While associations are defined as relationships between HFI and child health that are examined by statistical techniques. Determinants are defined as underlying risk factors of HFI, such as socioeconomic status. The review was used to inform a conceptual framework of HFI and child/adolescent health outcomes to illustrate and consolidate the review findings, for the purposes of highlighting areas for intervention and policy planning. 

2.3 [bookmark: _Toc206700576]Methods
2.3.1 [bookmark: _Toc187618501][bookmark: _Toc206700577]Study Design 
The aims of this review were met using rapid review methods. The fast-growing academic and policy interest in HFI, coupled with the urgency to synthesise good quality evidence in a timely manner, meant that rapid review methods were preferred over systematic review methods. Rapid reviews use transparent, systematic review search methods to identify and synthesise evidence, while offering flexibility in their methodology. This study design allowed for streamlined search strategies without compromising validity, which aligned with the exploratory and scoping nature of this review(6). The elements of the systematic review methodology that were adapted for this rapid review were that a grey literature review was not conducted, one reviewer screened and extracted studies, and quality assessment was limited to studies reporting on mechanisms only. The lead author was supported by co-authors in the shaping of the study objectives and search strategy.

2.3.2 [bookmark: _Toc187618502][bookmark: _Toc206700578]Search Strategy 
An initial scoping search was performed in PubMed and Google Scholar to identify key publications and retrieve keywords for the main search strategy. The search strategy was designed to capture studies that would fulfil both the primary and secondary aims of the review. The search was divided into two concepts: (i) food insecurity/food poverty and (ii) quantitative analysis (encompassing statistical, theoretical, and conceptual models relevant to the research problem). An initial scoping search in PubMed found that food insecurity and food poverty were often used interchangeably in studies; thus, both were incorporated as key terms in the search strategy. Searches were conducted in databases: Medline 1946; Web of Science, EMBASE 1947; and the Cochrane Library for articles up to March 2022 (searches were limited to studies published within the past fifteen years). Search terms were used as topic headings and Medical Subject Headings (MeSH) and are present in Appendix A1. Further studies were retrieved using backwards and forward citation searching of included articles. A grey literature search was not conducted as the scope of the review was limited to the retrieval of peer-reviewed published literature. 

2.3.3 [bookmark: _Toc187618503][bookmark: _Toc206700579]Inclusion and Exclusion Criteria 
Observational studies were included to reflect the complex relationships between HFI and child/adolescent health outcomes in real-world settings. Studies were included if their population of interest comprised children (aged 3-10 years), adolescents (aged 10-24 years, with a mean age <19 years) or child/adolescent-parent dyads. The adolescent age range was based on developmental models, which recognised that important aspects of physical, mental, and social development continue into early adulthood(7). 

Studies from Western English-speaking HICs, including the UK, Ireland, US, Canada, and Australia were included. Western, English-speaking HICs were included to closely generalise the impact of HFI on child/adolescent health outcomes to the UK child and adolescent population. Studies from low- and middle-income countries (LMICs) were excluded due to differences in food systems, nutritional challenges in child/adolescent populations and social policy(8, 9). Furthermore, HFI in LMICs may be associated with infectious diseases, such as malaria, that are uncommon in Western HICs(10). 

Studies were included if the population exposure was defined as HFI or food poverty. The definition of HFI was decided based on the USDA definition of food insecurity: food insecurity is a “household-level economic and social condition of limited or uncertain access to adequate food”(11). Studies were included if they were quantitative, as the review sought to summarise studies that had used statistical methods to confirm relationships between HFI and health outcomes. An advantage of focussing on quantitative studies was that they have utility beyond this review, such as providing insight into parameters for modelling based on the conceptual model. While qualitative studies provide valuable insight into individual’s lived experiences of HFI, they were excluded as they do not provide the statistical rigour required to identify population-level correlational relationships between HFI, health outcomes, and potential mediators.

Studies were selected based on their reporting of child and adolescent health outcomes. Health outcomes were agreed upon by the authors and discussed for discrepancies. Health outcomes were defined as metabolic risk factors (e.g. body mass index (BMI) z-scores /cholesterol/fasting glucose levels), health-related conditions (including physical and psychosocial conditions) and biological processes (including sleep). Further details on inclusion/exclusion criteria are presented in Appendix A2. The lead author of the paper reviewed titles and abstracts to be included in full-text review, and inclusion was determined by the same reviewer and support from co-authors, when examining the full text of publications.

2.3.4 [bookmark: _Toc187618504][bookmark: _Toc206700580]Data Extraction

The Cochrane data collection form was adapted by removing items that were not relevant for this review, such as experimental designs, e.g., RCTs, duration of participations, numbers of missing participants, and intention to treat analysis details(12). Variables extracted included sample size, country, datasets used, participant information (e.g. sociodemographic characteristics), HFI measure used, the participant reporting HFI, the health outcome of interest, statistical method used in the study and key study results. Data extraction was completed by the lead author. 

2.3.5 [bookmark: _Toc187618505][bookmark: _Toc206700581]Study Quality

The Quality in Prognosis Studies (QUIPS) tool analysed the quality of mechanism studies only for risk of bias, as these were the primary studies of this paper(13). Studies scored low, medium or high risk of bias based on their study quality assessment and an established set of thresholds within the QUIPS tool.

2.3.6 [bookmark: _Toc206700582]Presentation of conceptual model of the results
A conceptual model was produced based on the review results and is presented in Figure 8. The red ovals represented child health outcomes (e.g. diet) and purple ovals represented granular aspects of these outcomes (e.g. fruit and vegetable consumption). HFI was represented by a yellow oval, and parent characteristics were represented by blue ovals. The green arrows represented an odds ratio >1, while the red arrows represented an odds ratio <1. Dashed lines represented mixed evidence. 

2.4 [bookmark: _Toc206700583]Results
2.4.1 [bookmark: _Toc187618507][bookmark: _Toc206700584]Description of included studies
The PRISMA flow chart of the study selection process is presented in Figure 7.After removing duplicates, the search results retrieved n=1977 articles, and their titles and abstracts were screened. A total of n=241 were eligible for full-text screening, of which n=8 reported on mechanism studies(14-21), and n=60 reported on association studies(22-81) (n=52 found by the search strategy and an additional n=8 retrieved by citation searching strategy). 

[image: A diagram of a flowchart
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[bookmark: _Ref190710524][bookmark: _Toc206702333]Figure 7: PRISMA flow chart of the study selection
Most studies included were of cross-sectional design (n=59) and remaining were longitudinal (n=10)(16, 18-20, 37, 39, 45, 56, 61, 80, 81). In terms of geographic location, n=2 studies were based in Australia(37, 69), n=6 from Canada(38, 49, 50, 57, 61, 66), n=1 from the UK, n=1 from Ireland(64) and n=59 from the US. In terms of child age, n=8 studies included the child age group (under 10 years old)(16, 26, 42, 46, 48, 51, 55, 80), n=29 looked at a mix of child and adolescent populations(14, 17, 23, 27, 30, 31, 37, 41, 47, 49, 52, 53, 56-59, 64, 69, 71-73, 76, 78, 79, 81) and the rest (n=34) studies investigated adolescent populations only.

Some studies investigated more than one health condition; therefore, there is an overlap in the numbers. Of the total studies included in this review, n=21 investigated weight status, n=3 investigated dental cavities, n= 2 investigated asthma, n=4 on diabetes/prediabetes risk, n=5 investigated blood pressure, n=4 investigated cholesterol and other metabolic markers of diseases, n=3 investigated sleep, n=3 investigated smoking, drinking and substance abuse, n=19 investigated dietary intake/dietary quality/food availability, n=14 investigated mental health and behaviour, n=2 investigated physical activity, n=3 investigated quality of life/wellbeing, n=10 investigated eating behaviours, n=1 investigated anaemia and n=1 investigated bone mass disparities.

Studies reporting on mechanisms are presented in Table 1while studies reporting on associations are reported in Table 2. Studies are presented by health outcome, below.
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	Study
	Country
	Dataset (design)
	Sample size
	Child-age (years)
	Food insecurity Measure (person reporting)
	Health outcome
	Statistical method
	Study control variables
	Key results
	QA

	Bahanan et al., (2021)(14)
	US
	NHANES 2011/2012 and 2013/2014 (cross-sectional)
	N=4822

	5-17
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Dental cavities 
· Dietary quality
	· Multiple logistic regression predicting caries from HFI and diet quality.
· Bivariate analyses
· Classic mediation methods (Baron and Kenny approach)
	· Age, gender, race and ethnicity, annual family income, household size, participation in food assistance programmes, oral healthcare visits in the past year and total number of teeth
	· Untreated dental caries was more likely to occur in food-insecure than food-secure children (aOR=1.38 95% CI 1.11-1.72) 
· Very low HFI (aOR=1.59, 95% CU 1.12-2.26) and marginal HFI (aOR=1.48, 95%CI 1.10-2.01) was associated with untreated caries but low HFI was not (aOR=1.20, 95% CI 0.92-1.55)
· Food security was associated with greater whole fruit consumption (p=0.01) and plant protein consumption (p=0.008) but diet quality was not associated with untreated caries (p=0.07). 
	Low

	Do et al., (2021)(15)
	US
	FLASHE study (cross-sectional)
	N=1544
	12-17
	US Food Security 2-item screener (parent)
	· Obesity/overweight
· Sleep
	· Multinomial regression to test for association between outcomes and HFI
· Conditional processing modelling to evaluate moderating and mediating roles of HFI and sleep 
	· Age, gender, race/ethnicity, parent weight status, parent education, and parent income. 
	· HFI was associated with overweight (OR=1.56 95% CI 1.13-2.15) and obesity (OR=1.96 95% CI 1.40-2.74) p<0.05
· HFI was associated with overweight (aOR=1.40 95% CI 1.00-2.00) p<0.05.
· HFI was not associated with mean-centred sleep duration (= -0.08, SE= 0.23, p=0.73)
· Sleep did not mediate the relationship between HFI and weight status
· HFI did not moderate the relationship between mean centred sleep duration (p=0.109) or weight status (p=0.206)
· HFI did not moderate a relationship between sleep and weight status. 
	Low

	Gee and Asim (2019)(16)
	US
	Early Childhood Longitudinal Study Kindergarten Class of 2010-2011 (longitudinal)
	N=7820
	4-5
	First 10 items USDA Survey Module (parent)  
	· Parental aggravation
· Child behaviour, internalising and externalising
	· First-difference regression analysis to estimate how HFI related to parenting aggravation.
· Structural equation to test whether parenting aggravation mediated relationship between HFI (reported 12 months prior to Spring of 1st grade) and children’s outcomes (reported in Spring of 1st grade). 
	· Parent cohabitation status, employment, receipt of food stamps, number of siblings, household socioeconomic status, access to medical care, parent-teacher meeting participation.
	· HFI associated with parental aggravation (=0.376, SE=0.12, p<0.01) which was indirectly related to children’s lowered ability to pay attention (=- 0.062, SE=0.026. p<0.05), inhibitory control (= -0.093, SE= 0.027, p<0.001), externalising behaviours (= 0.43, SE=0.12, p<0.001) but not internalising behaviours (= 0.008, SE= 0.10). No direct paths from HFI to these child health outcomes were observed.
	Low

	Gundersen et al., (2008a)(17)
	US
	NHANES 1999-2002 (cross-sectional)
	N= 841 
	3-17
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Obesity/overweight
· Four maternal stress indices (cumulative mental stressor index, cumulative physical stressor index, cumulative family structure stressor index, total cumulative stressor index). 
	· Probit maximum likelihood models used to assess associations with a child’s probability being at risk of overweight. Five models estimated: HFI, HFI and 4 maternal stressor indices, HFI, the 4 maternal stressors, and interaction of these indices with HFI, HFI and a total cumulative maternal stressor index and HFI, the total cumulative maternal stressor index and the interaction of this index with HFI
	· Child age, race and ethnicity, household income divided by the poverty line, gender, maternal education, BMI and age. 
	· HFI alone was not associated with child overweight/obesity (= -0.15, 95% CI -0.38-0.09).
· The impact of maternal stressors on child overweight is reduced when household was food-insecure (= 0.05, 95% CI 0.00-0.10)
· When stratified by age, an association between cumulative maternal stressors and HFI found for children aged 3-10 years old, which was linked to being overweight (= 0.08, 95% CI 0.02-0.15, p<0.05). Effect was not seen in children aged 11-17. 
	Low

	Hatem et al., (2020)(18)
	US
	Fragile Families and Child Well-Being Study (longitudinal)
	N=2626
	15 
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Adolescent mental health
· Maternal depression and stress
	Structural equation modelling 
	· Child gender, health insurance, child race/ethnicity, maternal and household characteristics at year 3: education, cohabitation, employment, income (based on the family income to the federal poverty line) and parent incarceration. 
	· HFI at age 5, had a direct relationship with adolescent anxiety symptoms (=0.913 95% CI 0.064-1.814, p<0.001). 
·  An indirect effect from HFI and housing instability at age 5 was observed via maternal depression to parenting stress to adolescent anxiety (=0.055, 95% CI 0.007-0.110). 
· A direct association was observed for HFI at age 5 and greater depressive symptoms in adolescence (= 0.626, 95% CI 0.052-1.226).
· An indirect effect was observed for housing instability and HFI via parenting stress to maternal depression to adolescent depression (=0.008, 95% CI 0.002-0.016). 
· Maternal depression predicted higher parenting stress (=0.161, 95% CI 0.096-0.227).  
	Moderate

	Lohman et al., (2009)(19)
	US
	Welfare, Children and Families: A three-city study – a study of families below 200% of the poverty line (longitudinal)
	N=1011
	10-15
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)

	· Overweight/obesity
· Individual/maternal/family stressors (individual stressor index, maternal stressor index and family stressor index)
	Logistic regression modelling, two models: (i) HFI and the stressor indices and (ii) HFI, the stressor indices and the interaction of these indices with HFI
	· Age, gender, ethnicity, television viewing, disability limitations and low birth weight. Maternal immigration status, in receipt of food stamps, education, BMI and age. Household’s income to needs ratio.
	· Maternal stressors interact with HFI, and both are associated with child overweight/ obesity, and this was statistically significant (OR= 1.79 95% CI 0.82-3.92, p<0.001)
	Low

	Marcal (2022)(20)
	US
	Fragile Families and child well-being longitudinal survey (longitudinal)
	N=2454 
	15
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Adolescent mental health
· Parenting stress
	Structural equation modelling 
	· Maternal age, ethnicity, education, household income, cohabitation status, family history of mental disorder, child gender. 
	· HFI reported at age 5 years, was not directly associated with greater adolescent depressive behaviours (=-0.109, 95% CI -0.253-0.002) or aggressive behaviours (=-0.031, 95% CI -0.134-0.058) 
· HFI reported at age 5 years was indirectly associated with adolescent aggressive behaviours (= 0.025, 95% CI 0.009-0.049) and depressive behaviours (= 0.032, 95% CI 0.0132-0.064) via parenting stress reported when the child was aged 9 years. 
	Low

	Willis and Fitzpatrick (2016)(21)
	US
	Data from a school in Northwest Arkansas in 2012 (cross-sectional)
	N=324
	10-13
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Weight status

	Ordinary least squares regression
	· Gender and ethnicity
	· HFI was associated with weight status (p<0.001)
· This relationship was mediated by social status (=-0.112, p<0.05) and depression (=0.109, p<0.05). 
	Moderate

	Abbreviations: aOR: adjusted odds ratio, : beta co-efficient; CI: confidence interval, HFI: household food insecurity, OR: odds ratios, QA: quality assessment, SE: standard error. USDA, United States Department of Agriculture.
	


[bookmark: _Ref190710841][bookmark: _Toc206702250][bookmark: _Ref164007507]Table 1: Key characteristics and results of included mechanism studies of HFI and child health outcomes



	Study
	Country
	Dataset (design)
	Sample size
	Child-age (years)
	Food insecurity Measure (person reporting)
	Health outcome
	Statistical method
	Study control variables
	Key results

	Altman et al., (2019)(22)
	US
	N/A data obtained for analysis from a randomised trial (trial)
	N=4822
	10-14 
	Child-Food Security Assessment over prior 12 months (child)
	· Mental health
· Self-esteem/ body dissatisfaction 
	· Multivariable logistic regression
	· Race/ethnicity, free/reduced priced school meals (proxy for socioeconomic status), age and gender.
	· Food-insecure adolescents had greater odds of reporting body dissatisfaction, and this was prevalent across children of all ethnic groups and BMI categories.
· The association was stronger in children of normal weight (OR= 1.76 p<0.001) and of African American ethnicity (OR=2.32 p<0.001). 

	Appelhans et al., (2014)(23)
	US
	Home Environment Comparison Study (cross-sectional)
	N=103
	6-13
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Food availability
· Child eating behaviours
	· Logistic regression
	· Negative cooking attitudes, financial strain, household size, caregiver employment status and education
	· Increased food security was associated with increased availability of home food supplies (p=0.02) and more frequent family meals (very low HFI OR=1.95 95% CI 0.55-6.81, low HFI OR=3.44 95% CI 1.29-9.18, marginal HFI OR=1.51 95% CI 0.57-3.97) and home-made dinners (very low HFI OR=1.51 95% CU 0.34-6.84, low HFI OR= 

	Bauer et al., (2015)(24)
	US
	EAT 2010 and Project F-EAT (cross-sectional)
	N=2807
	14 
	6 item- US Household Food Security Survey Module assessment of HFI experience over past 12 months (parent)
	· Weight status (obesity)
· Parental feeding styles
	· Chi-square tests and F-tests 
	· Mothers BMI, household income, number of children living in the house (under 18 years old), mothers’ education, employment status, race/ethnicity, adolescent age and gender
	· Association found between HFI severity and BMI percentiles in males (food-secure mean (SD)= 65.8 (0.3), low food security mean (SD) = 72.0 (0.30), very low food security mean (SD) = 70.01 (0.30) (p=0.02) 

	Bruening et al., (2017)(25)
	US
	Exploratory pilot study recruitment from six public housing sites 2014 (cross-sectional)
	N=55
	12-16
	6 item- US Household Food Security Survey Module assessment of HFI experience over past 12 months (parent)
	· Mother eating habits and behaviours.
· Child eating habits and behaviours
	· Multivariate mixed linear
· Logistic regression 
	· Maternal age, US born status, cohabitation status, education status, household, child age and gender
	· Adolescent intake of fast food (p<0.001), binge eating (p=0.011), intuitive eating (p=0.032) and partaking in family meals (p=0.001) was significantly associated with mothers after. The odds of these associations between mother and child were greater in food-insecure households.

	Canter, Roberts and Davis (2017)(26)
	US
	Recruitment while receiving services or through other organisations providing services to low-income parents/caregivers 2013 (cross-sectional)
	N=148
	5-10
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Dietary quality 
· Physical activity
	· Structural equation modelling
	· Child gender, race/ethnicity, annual income, household size, children in the household (under 18 years)
	· HFI was significantly associated with lower consumption of vegetables (p<0.05)
· Children who did more physical activity were more likely to consume more vegetables (p<0.01).

	Drucker et al., (2019)(27)
	US
	The Midlands Family Study (cross-sectional)
	N=511
	<18
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Parental characteristics: caregiver life experience 
	· Multinomial logistic regression
	· Child age, gender, ethnicity, household income
	· HFI was significantly associated with negative caregiver life experiences (OR= 1.16, 95% CI 0.88-1.04, p <0.05) which is in turn was associated with greater odds of child hunger (OR=1.08, 95% CI 1.05-1.11, p <0.05)

	Duke (2021a)(28)
	US
	2019 Minnesota Student Survey (cross-sectional)
	N=125375
	12-19
	1 question on the survey: “During the past 30 days have you had to skip meals because your family did not have enough money to buy food?’ (adolescent)
	· Prediabetes risk
· BMI/weight status
	· Multivariable logistic regression 
	· Low quality diet, physical activity, BMI, sleep, age, 
gender, socioeconomic indicator (free or reduced-price lunch), region, ethnicity
	· HFI was associated with prediabetes (OR=1.93, 95% CI 1.59=2.32, p <0.001). 
· Significant associations highest between HFI and prediabetes were observed for non-Hispanic Black African Americans (OR= 1.88, 95% CI 1.52-2.31, p<0.001), Hispanic/Latino (OR=2.49, 95%CI 2.06-3.01, p<0.001) and non-Hispanic White students (OR=2.20, 95% CI 1.49-3.25, p<0.001)
· BMI strong predictor of prediabetes (OR=4.34, 95% CI 3.84-4.90, p<0.001)

	Duke (2021b)(29)
	US
	2019 Minnesota Student Survey (cross-sectional)
	N=125375
	12-19
	1 question on the survey: “During the past 30 days have you had to skip meals because your family did not have enough money to buy food?’ (adolescent)
	· Dietary intake and quality
· Eating behaviour
	· Multivariable logistic regression
· Model 1: association between HFI and food/beverage consumption accounting for sociodemographic covariates and housing instability
· Model 2 multivariable association between HFI and food/beverage consumption accounting for sociodemographic covariates, housing instability and indicators of physical and emotional health
	· Gender, age, race/ethnicity, free or reduced-price lunch, region, housing instability
	· Results are from model 2 but are similar to model 1 results as well. 
· Food-insecure adolescents were more likely to consume less than the minimum recommended intake for fruit (OR=0.76 95% CI 0.69-0.82, p<0.001), dairy (OR=0.67, 95% CI 0.58=0.76, p<0.001) and vegetables (OR=0.86, 95% CI 0.75-0.98, p <0.001) than those who are food-secure 
· Food-insecure adolescents were more likely to consume more sugar sweetened beverages (OR=1.21, 95% CI 1.12-1.30, p <0.001) and fast-food items (OR=1.62, 95% CI 1.49-1.76, p<0.001) than food-secure adolescents
· Food-insecure adolescents had greater odds of skipping lunch than food-secure adolescents (OR=1.80, 95% CI 1.67-1.95, p <0.001).

	Dykstra et al., (2016)(30)
	US
	Part of a larger survey of convenience sample of mothers (cross-sectional)
	N=821
	2-13
	6 item- US Household Food Security Survey Module assessment of HFI experience over past 12 months (parent)
	· Dietary intake and quality
	· Linear regression– accounting for within school clustering of outcomes

	· Child age, gender, free or reduced-price lunch status, ethnicity
	· HFI was associated with reduced dairy consumption 37.8% vs 49.4% in food-secure children, p<0.03)
· HFI associated with increased candy consumption (11.5% vs 8.4%) than food-secure children, p<0.03.

	Eicher-Miller et al., (2011)(31)
	US
	NHANES 1999-2004 (cross-sectional)
	N=11247
	12-15
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent if child <11) 

	· Iron deficiency.
· Anaemia
	· Logistic regression 
	· Poverty to income ratio, race ethnicity, smoker in the house, birth weight, age, gender, use of dietary
supplement, household participant in welfare or food assistance programmes
	· HFI associated with 2.95 times greater odds of iron defiency anaemia (OR=2.95, 95% CI 1.18-7.37, p=0.02). 

	Eicher-Miller et al., (2009)(32) 
	US
	NHANES 2001-2004 (cross-sectional)
	N=5270
	8-19
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent if child <11) 
	· Dietary intake
· Micronutrient defiency 
· Bone mass disparities
	· Multiple linear regression for BMC content (gender specific)
· Multiple logistic regression for micronutrient analysis (genders together)
	· Survey cycle year, race/ethnicity, poverty income ratio, smoking, use of dietary supplement, participation in welfare or food assistance programmes
	· HFI associated with reduced odds of consuming the USDA food guide recommended serving of dairy (OR=2.5 95% CI 1.1-5.8, p=0.03) in male adolescents
· HFI was associated with reduced odds of consuming recommended calcium intake (OR=2.3 95% CI 1.3-4.0, p<0.01)
· HFI associated with less bone mineral content in the total body (p=0.04), spine (p=0.02), left arm (p=0.05), and trunk (p=0.05) in males aged 8-11. 

	Fleming et al., (2021)(33) 
	US
	NHANES 2007-2016 (cross-sectional)
	N=4777
	13-18
	Household: USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 

	· Weight status, obesity

	· Multivariable logistic regression 
	· Age, race, sex, household poverty level, routine access to healthcare
	· There was a higher prevalence of obesity in food-insecure than food-secure child populations (PR=1.3 95% CI 1.2-1.5, p<0.001). 
· In unadjusted analyses, HFI was associated with obesity (OR=1.4, 95% CI 1.2-1.7, p=0.0002)
· In analyses adjusting for age, ethnicity, gender, household poverty level and routine access to healthcare, HFI was not statistically significantly associated with obesity (OR=1.19, 95% CI 1.0-1.4, p=0.08). 

	Fram et al., (2015)(34)
	US
	NHANES 2007-2016 (cross-sectional)
	N=3605
	12-17
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Dietary intake 
· Adolescent awareness of HFI
	· Mixed-effects linear and logistic regression
· Alpha 0.05 for significance and alpha <0.10 considered marginal significance 
	· Child age, gender, intervention group
	· HFI associated with higher consumption of energy (OR=49.61, 95% CI 9.80-89.43, p= 0.02), fat, (OR=0.45, 95% CI 0.013-0.89, p = 0.05), sugar (OR=0.79, 95% CI 0.0098-1.57, p=0.05) and fibre (=0.13, 95% CI 0.023-0.24, p=0.02). 
· HFI associated with reduced consumption of vegetables ( = -1.52, 95% CI -4.11 – 1.08, p=0.25) and increased consumption of fruit (= 1.36, 95% CI -2.44-5.16m p=0.48), but this was not significant. 
· Adolescents showed awareness of HFI in terms of their cognition, emotions, and physical (hunger) recognition

	Fulay et al., (2022)(35)
	US
	NHANES 2007-2016 (cross-sectional)
	N=5076
	12-17
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent
	· Child weight status
· BMI 
· Metabolic biomarkers (glucose, TAG, cholesterol)
· Blood pressure
	· Multivariable linear regression 
	· Age, sex, race/ethnicity, activity level, household income: poverty, respondent education level and marital status
	· No significant association was determined between HFI and child BMI (=0.14 95% CI -0.01-0.28), systolic blood pressure (=0.18, 95% CI -1.07 – 1.43, diastolic blood pressure (=-0.09, 95% CI -1.25-1.07), and metabolic biomarkers (including total cholesterol ( =-1.07, 95 % CI -4.69 – 2.55, fasting TAG (= 3.81 95% CI -4.61- 12.24), and fasting blood plasma glucose (=0.97, 95% CI =0.52-2.47)
· All models adjusted for age, ethnicity, gender, smoking, sedentary time, activity, respondent education, marital status and income
· All p-values >0.05

	Fulkerson et al., (2009)(36)
	US
	 Team COOL (cross-sectional)
	N=145
	15-18
	One-item assessment in survey (adolescent): “How often during the past 12 months have you been hungry because your family couldn’t afford more food?”
	· Dietary intake
· Child mental health
· Eating behaviour

	· Mixed model logistic regression analyses for evaluating associations between family dinner frequency and overweight status, healthy and unhealthy weight management and food insecurity. 
· Mixed linear models estimating associations of HFI with breakfast, fruit and vegetable, high-fat food, fast food, and depressive symptoms.
	· Race/ ethnicity, SES< age, gender
	· Adolescents who did not participate in family meals had greater odds of being overweight (OR=2.8, 95% CI 1.1-6.9, p<0.05) and food-insecure (OR=6.0 95% CI 2.2-16.4, p<0.05) than children who are family meals.
· Family meals were associated with food security, increase breakfast (p<0.05) and fruit consumption (p<0.01) as well as lower rates of depressive symptoms in adolescents (p<0.05)

	Gasser et al., (2017)(37)
	Australia
	Longitudinal study of Australian Children (longitudinal) 
	N= 4,569-5107

	2-15
	One item on the questionnaire asked to parent “whether over the last 12 months, due to shortage of money, they had financial limits on the type of food they could buy”
	· Dietary intake/quality 
	· Multinomial logistic regression 

	· Childs number of older siblings, child from multiple births or not, parental education, socioeconomic status, age, ethnicity, parents age
	· Poorer children tended to report higher on the “never healthy” rather than “always healthy” domain compared to children of higher socioeconomic groups (OR=16.40, 95% CI 9.40-28.61 p<0.05).

	Godrich et al., (2019)(38)
	Canada
	Canadian Children’s Lifestyle and School Performance Study II (cross-sectional) 






	N=5281
	10-11
	6 item- US Household Food Security Survey Module assessment of HFI experience over past 12 months (parent)
	· Child mental health (self-esteem)
	· Multivariable logistic regression 

	· Gender, region of residence, parent educational attainment, household income and bodyweight status
	· HFI was associated with higher odds of poor self-esteem insecure in girls (OR=2.19, 95% CI 1.57-3.07, p<0.001) and severely food-insecure boys (OR=1.68, 95% CI 1.11-2.53, p=0.014)

	Gundersen et al., (2008b)(39)
	US
	The Three City Study (longitudinal)
	N=1031
	10-15
	3-items taken from child specific questions of USDA module 18-item questionnaire of HFI experience over past 12 months (parent). 
	· Obesity/overweight/ BMI
	· Logistic regression 
	· Child ethnicity, race/ethnicity. Household: needs ratio caregiver education level; immigration level, whether the family eat meals together, housing stability, caregiver marital status, caregiver age and household size
	· HFI was not associated with children being overweight, (OR=0.97, 95% CI 0.65-1.86, p=0.72)

	Gundersen et al., (2009)(40)
	US
	NHANES 2001-2004 (cross-sectional) 
	N=2516
	8-17
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Obesity measures (BMI, waist circumferences, triceps skinfold, trunk fat mass and percentage of body fat
	· Logistic regression 
	· Child age, race/ ethnicity, gender and annual household income: poverty
	· HFI was associated with greater odds of greater BMI OR= 1.14 (95% CI 0.84-1.54)
· HFI was associated with greater odds of greater waist circumference OR= 1.14 (95% CI 0.85-1.52)
· HFI was associated with greater odds of triceps’ skinfolds OR= 1.07 95% CI (0.75- 1.52)
· HFI was associated with greater trunk fat mass OR= 1.21 95% CI 0.86-1.47)
· HFI was associated with greater body fat % OR= 1.05 (95% CI 0.82-1.35)

	Hill (2019)(41) 
	US
	NHANES 2013/2014 (cross-sectional) 
	N=4406
	1-19
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Dental cavities
	· Logistic regression 
	· Race/ethnicity, age, income: poverty, assistance programmes, dental caries status
	· Children from very low food-secure households had greater odds of dental caries than food-secure children (OR=3.51, 95% CI 1.71-7.19, p=0.0003) 
· Odds were greater in older age groups (p<0.0001)

	Hobbs and King (2018)(42)
	US
	Fragile Families and Child Wellbeing Longitudinal Study (cross-sectional)
	N=2046
	5
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Child mental health and behaviour problems

	· Unconditional quantile regression 
	· Mothers race/ethnicity, low birth weight, maternal education mother cohabitation status, mothers’ employment status, parent smoking and drug use, mother immigration status, assistance programme
	· HFI was associated with more behavioural problems (externalising and internalising) (p<0.05)

	Holben and Taylor (2015)(43)
	US
	NHANES 1999-2006 (cross-sectional)
	N=7435
	12-18
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Obesity/ overweight/ BMI
· Blood pressure
· Cholesterol, triglyceride, HDL, LDL
	· Logistic regression 
	· Age, race/ethnicity, gender 
	· Children who were marginally food-secure, low food-secure, and very low food-secure were 1.3-1.4 times more likely to be overweight than children experiencing high food security (p=0.036)
· Children who were marginally food-secure were 1.2-1.4 times more likely to be living with obesity than children who were fully food-secure (p=0.036)
· Marginally, low and very low food security was associated with 1.4 to 1.5 times greater central obesity than high food security (p=0.002). 
· There was no statistically significant difference in mean blood pressure across levels of HFI 
· There was no difference in mean glucose(p=0.59) and triglyceride levels (p=0.97) between food security severities. 

	Hooper et al., (2020)(44)
	US
	EAT and Project-F-EAT (cross-sectional)

	N=2285
	10-22
	Short form 6-item USDA based form of the past 12 months (parent)
	· Obesity/ overweight/ BMI
· Child eating behaviour
	· Logistic and negative binomial regression 
· Analyses performed separately between males and females
	· Age, gender ethnicity/race, parental education 
	· The prevalence of obesity among food-insecure populations was higher than in food-secure (42.3% vs 39.8%; p=0.039)
· HFI was not associated with overweight (p=0.39). 
· Food insecure adolescents reported lower breakfast consumption per week (p=0.005) 
· Food insecure adolescents partook in more unhealthy weight control behaviours (fasting <0.001, eating very little food p=0.006, skipping meals p=0.001, laxative use p=0.018, diuretic use 0.001) compared to food-secure adolescents (p<0.001) 

	Jackson and Vaughn (2017)(45)
	US
	Early Childhood Longitudinal Study, Kindergarten class 1998-1999 (longitudinal)
	N=7028
	13-14
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Child mental health, misconduct behaviours
	· Logistic regression 
	· Age, race/ethnicity BMI, neurological defects, SES composite score (parental education, employment, occupational prestige, income, neighbourhood disadvantage), low parental involvement, physical punishment and parent depression
	· Persistent HFI was associated with misconduct disorder in males (OR=1.73, 95% CI 1.44-2.07)
· Misconduct rate was 96% higher in males who experienced persistent HFI than males experienced acute episodes of HFI  
· Misconduct rate was 39% higher in persistently food-insecure females than food-secure females

	Jackson and Testa (2021)(46)
	US
	National Survey of Children’s Health 2016-2018 (cross-sectional)
	N=99962
	9-10
	One question on cross-sectional survey with multiple choice answers “Which of these statements best described the food situation in your household in the past 12 months?” 
	· Oral health
	· Logistic regression and negative binomial regression
	· Socioeconomic status, insurance, oral healthcare, parent education, child age, gender, race, special healthcare needs, maternal age at birth, parent marital status, parent immigration status, participation in welfare or food assistance programme 
	· Moderate-Severe HFI was associated with poorer oral health (OR=1.91, 95 % CI 1.61-2.27, p<0.01) and tooth decay/ dental cavities (OR=1.56, 95 % CI 1.38-1.75, p <0.01).

	Kaur et al., (2015)(47)
	US
	NHANES 2001-2010 (cross-sectional)
	N=9701
	2-11
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)

	· Obesity
	· Logistic regression
	· Sex, ethnicity, poverty to income ratio and survey period
	· HFI was associated with obesity in children aged 6-11 (OR=1.81 95% CI 1.33-2.48, p<0.001) but not in younger children aged 2-5 years old (OR= 0.88, 95% CI 0.51-1.51, p=0.64).

	King (2017)(48)
	US
	Fragile Families and Child Wellbeing Study (cross-sectional)
	N=2829
	5
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Sleep
· SSB consumption
	· Multivariate OLS
	· Gender, maternal education, income: poverty, ethnicity, number of children in the household and parent relationship status
	· HFI compared with full food security was associated with increased consumption of soft drinks (51.4% vs 41.2%, p<0.001).
· HFI compared with full food security was associated with trouble sleeping at night (30.1% vs 25%, p<0.001)
· Food insecure children who consumed 4 or more soft drinks daily were more likely to present with aggressive behaviours than food insecure (=0.87, p<0.05).

	Kirk et al., (2015)(50)
	Canada
	The Children’s Lifestyle and School Performance Study (cross-sectional) 
	N=5853
	10-11
	Short form 6 item version of the US Household Food Security Survey Module
	· Obesity/ overweight
· Dietary intake/quality
· Quality of life
· Child mental health
	· Linear and Poisson regression models with robust standard errors 
	· Parent education, area of residence, gender
	· Marginal, moderate and severe HFI were associated with greater BMI z-scores, when models adjusted for gender and area of residence. 
· Children who are food-insecure are less likely to meet recommended fruit and vegetable (PR=0.73-0.83, p<0.05), and dairy (0.83-0.86, p<0.05) targets from Canadas Food Guide
· Moderate or severe food insecurity associated with higher energy intake(p<0.05)
· HFI was associated with poorer quality of life (measured using EQ5D). high food security vs moderate HFI (= -0.02, 95% CI -0.04 - -0.01, p<0.05) high food security vs severe HFI (= -0.03, 955 CI -0.04-0.01). 

	Kirkpatrick and Tarasuk (2008)(49)
	Canada
	Canadian Community Health survey (cross-sectional) 
	N=3348
	1-18
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Dietary intake
	· ANOVA
	· Household income, household education level (adults and children), immigration status, household size (number of adults and children), smokers
	· HFI was not associated with fruit and vegetable servings in children aged 4-8 years old (p=0.16). 
· HFI was associated with nutrient deficiencies in vitamin B6, vitamin B12, zinc, vitamin A, phosphorous, vitamin A and magnesium among older children and adolescents. 
· HFI was associated with less energy consumed from protein products (p<0.01)

	Kral, Chittams and Moore (2017)(51) 
	US
	Cross-sectional analysis part of larger laboratory-based feeding study (cross-sectional)
	N=50
	8-10
	Short form 6 item- US Household Food Security Survey Module assessment of HFI experience over past 12 months (parent)
	· Parent feeding style and child eating behaviour 
	· Wilcoxon Rank-Sum tests
· T-tests 
· Chi squared and Fisher’s test. 
· Logistic regression 
	· Mothers race/ethnicity, age, education, household income, child meal and snack patterns, frequency of mother telling child to clear their plate
	· Children who were living with obesity were more likely to be food-insecure than food-secure (OR=4.9, 95% CI 1.15–20.8, p=0.02). 
· Food-insecure children were more likely to overeat when they were not hungry (p<0.03) and consume more snacks than children who were food-secure (45.9% vs 15.4%, p=0.02)
· Food-insecure children were more likely to consume 5 or more snacks per day than food-secure children (15.4% vs 0%, p=0.02)

	Kuku et al., (2011)(52)
	US
	Child Development Supplement data of larger dataset Panel Study of Income Dynamics (PSID) (cross-sectional)
	N=959
	0-12
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Obesity
	· Parameter probit regression
· Non-parameter regression 
	· Race/ethnicity, gender, income: poverty
	· No association was observed between HFI and obesity in parametric probit regression 
· In non-parametric analysis, the probability of obesity rises as HFI increases, except at extreme HFI where it lowers. 
· Higher levels of HFI are associated with obesity in girls, in boys’ lower levels of HFI and an increase in HFI affirmative responses is associated with higher probability of obesity. 
· The association between HFI severity and obesity differs among ethnic groups. 

	Landry et al., (2019)(53)
	US
	TX Sprouts (cross-sectional)
	N=598
	8-11
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Dietary intake and quality
	· Mixed effects linear regression
	· Race/ethnicity, gender, participation in food assistance programmes, average energy intake and BMI percentile
	· HFI was associated with lower consumption of green beans (2.3% vs 1.9%, p=0.016) plant protein and seafood (2.0% vs 1.6%, p=0.006) and increased consumption of added sugar (7.4% vs 8%, p=0.002) compared to food-secure children.

	Lee et al., (2019)(62) 
	US
	NHANES 2003-2014 (cross-sectional)
	N=2662
	12-19
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Blood pressure
· Prediabetes 
	· Logistic regression
	· Age, gender, income, race/ethnicity, household income: poverty
	· Food-insecure adolescents were more likely to have hypertension (OR=1.65 95% CI 1.38-2.1.98, p<0.05) and be diagnosed as prediabetic (OR= 1.96 95% CI 1.17-3.19, p<0.05) compared to food-secure adolescents  

	Mangini et al., (2015)(55)
	US
	Early Childhood Longitudinal Study-Kindergarten Cohort (cross-sectional)
	N=1109
	8-9
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Asthma
	· Multivariate logistic regression
· Analysed overall and by race/ethnicity
	· Race/ethnicity, household poverty: income, child gender, maternal nativity, maternal education, child health insurance, height, weight, and household income
	· HFI was associated with higher odds of asthma (OR= 1.04, 95% CI 1.02-1.06, p<0.001) 
· Food-insecure children had double the odds of asthma compared to food-secure children(OR=2.00, 95% CI 1.97-2.03, p<0.001)

	Mangini et al., (2019)(56)
	US
	Early Childhood Longitudinal Study-Kindergarten Cohort (longitudinal)
	N=6731
	4-14
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Asthma
	· Two multiple logistic regression models: 1) estimation of OR by asthma diagnosis at third grade exposure to HFI in year prior to kindergarten, then exposure in the year prior to kindergarten and third grade, 2) estimation of OR of asthma diagnosis at fifth or eighth grade by exposure to HFI in second grade
	· Household poverty, race/ethnicity, sex, health insurance coverage, BMI and maternal nativity and parental depression
	· Children who experienced HFI the year before joining kindergarten had greater odds of an asthma diagnosis in the third grade (OR=1.18 95% CI 1.17-1.20, p<0.001)
· Children who experienced HFI in the year before third grade are more likely to be diagnosed with asthma compared to food-secure children (OR=1.53 95% CI 1.51-1.55, p<0.001)
· Children were more likely to have an asthma diagnosis from third to eighth grade if their parents’ experienced depression before they joined kindergarten (OR=1.23, 95% CI 1.22-1.25, p<0.001)

	Marjerrison et al., (2011)(57) 
	Canada
	Two general paediatric practices from Nova Scotia (cross-sectional)
	N=183 families
	7-16
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Diabetes
· Hospitalisation
	· Backwards stepwise elimination, logistic regression
	· Parent education, household income, child age, number of other family members with medical conditions
	· HFI was associated with greater HBA1c concentration (9.5% ±2.13% vs 8.96% ±1.50%, p=0.039, but this was insignificant when child’s age and parents’ education in multivariate analysis. 
· HFI was associated with higher rates of hospitalisation (OR=3.66, 95% CI 1.54-8.66, p<0.05).

	Martin and Ferris (2007)(58)
	US
	Convenience sample (cross-sectional)
	N=200 parents and N=212 children
	2-12
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Obesity/ overweight
	· Multinomial regression
	· Income below 100% of poverty, child age, gender, parent cohabitation status, parent education status
	· Children with family incomes below 100% poverty line half as likely to be overweight than those with higher incomes (OR=0.47, p=0.05) 
· HFI was not associated with weight status (p=0.37)
· Female gender and having parent who was living with obesity were associated with greater odds of child being overweight (OR=2.56, p=0.01)

	Masler et al., (2020)(59)
	US
	NHANES 2005-2012 (cross-sectional)
	N=6077
	8-15
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Child eating behaviours 
	· Multivariate logistic regression, separate models for 1) HFI and weight loss attempts, 2) HFI and weight control practices
	· Age, sex, race/ethnicity, poverty status and weight class 
	· No association was found between children’s weight status (obesity or overweight), HFI and child unhealthy weight loss behaviours (p values range 0.75, 0.98, 0.12 for marginal food-secure, low food-secure and very low food-secure, respectively.
· Very low food security and healthy weight was associated with greater odds of attempted weight loss (OR=1.51, 95% CI 1.00 – 2.26, p<0.05) and unhealthy weight control in children (OR=1.42, 95% CI 1.04-1.93, p<0.05)

	Maynard et al., (2019)(60)
	US
	NHANES 2009-2010 (cross-sectional)
	N=935
	12-17
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Child mental health/ anxiety
	· Logistic regression examined the interaction between HFI and sex/gender separately, as this was statistically significant, the model was repeated stratified by sex. 
	· Race/ethnicity, household size, parental education, family poverty:income ratio, child gender
	· HFI was associated with greater odds of experiencing high levels of anxiety compared to (OR= 1.64, 95% CI 1.04-2.60) compared to food-secure children, considering both genders.
· Female gender (OR=1.85 95% CI 1.18-2.91) and increasing age (OR=1.28, 95% 1.16-1.43) were associated with higher levels of anxiety 
· Food-insecure females had greater odds of high anxiety (OR=0.3.03, 95% CI 1.59-5.80), but relationship was not observed in male gendered children. 

	McIntyre et al., (2013)(61)
	Canada
	Canadian National Longitudinal Survey of Children and Youth 1994-2008/2009 (longitudinal)
	N=22831
	13-17
	1 question to assess child hunger (adolescent)
	· Child mental health- depression, and suicide 

	· Logistic regression. 
· All analyses were weighted using longitudinal weights.
· No interaction terms found nor included in the analyses. 
	· Child age, gender, housing stability, lived with biological mother, lived with alone mother depression, household education, household income, household size
	· Food-insecure adolescents who reported hunger were more likely to experience depression/suicide ideation (OR=2.3, 95% CI 1.2-4.3, p=0.006) 

	McLaughlin et al., (2012)(62)
	US
	National comorbidity survey replication adolescent supplement (cross-sectional)
	N=6483 adolescent – parent dyads
	13-17
	2 dichotomous questions about hunger over the past 12 months (parent)
	· Child mental health
	· Logistic regression
	· Parent education, household income, relative deprivation and subjective social status, age, gender, race/ethnicity
	· HFI was associated with increased odds of anxiety (OR=1.1, 95% CI 1.0-1.2), behaviour disorder (OR=1.2, 95% CI 1.1-1.3), substance disorders (OR=1.2, 95% CI 1.0-1.3) and mood disorders (OR=1.1, 95% CI 1.0-1.2). 
· All p-values <0.05 significant  

	Mendoza et al., (2018)(63)
	US
	SEARCH for Diabetes in Youth (cross-sectional)
	N=226
	10-20 (mean age 15.6)
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Diabetes 
· Hospitalisations
	· Logistic regression for high-risk glycaemic control 
· Binomial regression for emergency department visits and hospitalisations
	· Age, sex, race/ethnicity, socioeconomic status, study site, diabetes duration, health insurance and insulin regimen.

	· HFI was associated with greater odds of increased HBA1c (OR=2.37 95% CI 1.10-1.59, p<0.05) 
· HFI was associated with greater emergency department visits (PR=2.95 95% CI 1.17-7.45, p=0.02)
· HFI was not statistically significantly associated with hospitalisations but had higher prevalence than in food-secure youths (PR=2.96, 95% CI 0.92-9.51, p=0.07).

	Molcho et al., (2007)(64)
	Ireland
	Health Behaviour in School-aged children study (cross-sectional)
	N=8424
	10-17
	Food poverty question in survey “some young people go to school or to bed hungry because there is not enough food at home. How often does this happen to you?”
	· Dietary intake
· Eating behaviour
	· Logistic regressing model
	· Age and social class (according to fathers’ education)
	· Food poverty significantly associated with consuming less fruit and vegetables and wholemeal bread (OR range 0.66-0.81, 95% CI range 0.45-0.99) in food insecure girls. 
· Food poverty was associated with increased consumption crisps, fried potato, and hamburger (OR range 1.29-1.72, 95% CI range 1.00-1.85) in food insecure boys.
· Increased consumption of fast food differed among girls and boys 
· Food poverty was associated with reduced breakfast intake within the week for girls this was 1.72 (OR 95% CI 1.50-1.9) and 1.29 for boys (95% CI 0.99-1.59) 

	Niemeier and Fitzpatrick (2019)(65)
	US
	Sample of high school students from Northwest Arkansas (cross-sectional)
	N=1493 
	13-16
	Household: USDA module 18-item questionnaire of HFI experience over past 12 months (parent)

	· Obesity/ overweight
· Mental health
· Self esteem
	· Ordinal regression using the Polytomous Universal Model
	· Gender, ethnicity, parents’ immigration status, free and reduced lunches
	· HFI was associated with poor self-esteem (p<0.01), less frequent family meals and weaker relationships with peers (p<0.001)
· No association was found between HFI and weight status

	Ovenell et al., (2022)(66)
	Canada
	Canadian Community Health Survey (cross-sectional) 
	N=28871
	12-17
	Household: USDA module 18-item questionnaire of HFI experience over past 12 months (parent)

	· Child mental health
	· Poisson regression
	· Gender, race/ethnicity, household size, household income, highest household education, high BMI, survey cycle
	· Children who experienced food insecurity and were not shielded by its impacts had elevated risk of anxiety (RR=1.44, 95% CI 1.02-2.03) and poor mental health (RR=1.45 95% CI 1.06-1.99) and poor life satisfaction (RR=1.64 955 CI 1.15-2.35) 
· Children who were shielded from HFI had higher risk of anxiety (RR=1.45, 95% CI 1.02-3.03 and fair or poor mental health (OR=1.56 95% CI 2.07-2.09) and did not differ significantly from food-secure children with respect to other mental health outcomes. 

	Parker et al., (2010)(67)
	US
	NHANES 1999-2006 (cross-sectional)
	N=3126
	12-19 (mean age 15)
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Obesity/ overweight  
· Physical activity 
· Blood pressure
· Metabolic syndrome (indicated by cholesterol, triglyceride
	· Logistic regression
	· Age, sex, race/ethnicity, household income, smoking status, highest household education
	· Food-secure children were more likely to report doing vigorous exercise compared to food-insecure children (p<0.05).
· HFI (marginal, low and very low) was not associated with metabolic syndrome. 
· Model 1 results adjusted for ethnicity, age and gender: Marginal (OR= 1.04 95% CI 0.38-2.86), low = (OR=1.49, 95% CI 0.79-2.82), very low (OR=1.18, 95% CI 0.47-2.95).
· Model 2 results adjusted for by ethnicity, age, gender, income, smoking status and education: Marginal (OR=0.94, 95% CI 0.35-2.51), low (OR=1.12, 95% CI 9.57-2.17), and very low (OR=0.89, 95 % CI 0.35-2.23). 
· No statistically significant association was found in the prevalence of HFI severity, including blood pressure and triglyceride, glucose, high-density lipoprotein across food insecurity severities (p>0.05).
· There was no association between HFI and metabolic syndrome across HFI severities when using full food security as reference (full vs marginal OR = 1.04, 95 % CI 0.38-2.86, full vs low OR = 1.49, 95 CI 0.79- 2.82, full vs very low OR=1.18, 95% CI 0.47-2.95) 




	Poulsen et al., (2019)(68)
	US
	Electronic health record data (cross-sectional)
	N=408 parent-child dyads 
	10-15
	6-item USDA based form of the past 12 months (parent reported)
	· Obesity/overweight
· Dietary intake
· Food availability
	· Multivariable linear regression
	· Child age, child sex, child race/ethnicity, parent age, family income, parent education and youth history of medical assistance
	· HFI was associated with greater waist circumference (=0.27, 95% CI 0.03-0.50, p=0.02), % body fat (=0.43, 95% CI 0.12-0.75, p=0.006) but not BMI z-scores (= 0.30, 95% CI -0.00, 0.60, 0.051)
· Children from homes with low food availability had reduced fruit and vegetable intake (=0.08, SE =0.02, p=0.003) 
· HFI was not associated with daily fruit and vegetable consumption in adjusted analyses (= -0.06, 95% CI -0.56 – 0.43, p=0.805)

	Ramsey et al., (2011)(69)
	Australia
	Census collector districts, Brisbane Statistical Sub-Vision (cross-sectional) 
	N=185 households 
	3-17
	USDA module 16-item questionnaire of HFI experience over past 12 months (parent) 
	· Child mental health and behaviour
	· Multinomial logistic regression 
	· Household income, education, employment status, household structure (how many dependents and parent marital status)
	· HFI was associated with negative internalised emotional symptoms such as depression (OR=2.44 95% CI 1.11-5.38, p=0.05) 
· Food-insecure children and adolescents were also more likely to exhibit problem behaviour, but this was borderline statistically insignificant (OR=2.35 95% CI 1.04-5.33, p=0.06) and also present conduct problems (OR=1.69 95% CI 0.84-2.47, p=0.03). 


	Robson et al., (2017)(70)
	US
	Youth Risk Behaviour survey (cross-sectional)
	N=4994
	12-18
	Single item on the survey “During the past 30 days, how often did you go hungry because there was not enough food in your home?” (adolescent)
	· Obesity and overweight
· Sleep
· Cigarette smoking
· Alcohol consumption
· Dietary intake
· Eating behaviour
	· Univariate logistic regression 
	· Race/ ethnicity, child age, child gender, neighbourhood safety, school grade
	· HFI was associated with reduced consumption of breakfast throughout the week (OR=2.27 95% CI 1.6-3.2)
· HFI was associated with sleeping less than 8 hours per days (OR=1.60 95% CI 1.15-2.23)
· HFI was statistically significantly associated with smoking (OR=1.81, 95% CI 1.31-2.40) and drinking OR=1.39, 95% CI 1.07-1.80m p=0.01)
· No significant association between HFI and obesity was found (OR=1.107. 95% CI 0.82-1.4) p=0.61

	Soldavini and Ammerman (2021)(71)
	US
	USDA Summer Electronic Benefit Transfer for Children Demonstration Project (cross-sectional)
	N=11873
	3-17
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent)
	· Dietary intake
	· Multiple linear regression 
	· Child gender, caregiver race/ethnicity, caregiver education, household income: poverty threshold, household composition, household size, number of children in the household, participation in food assistance programmes 
	· Marginal, low, and very low food security was associated with lower consumption of fruits and vegetables. 
· Very low food security was associated with lowest consumption of fruit and veg compared to food-secure children across all age groups (p<0.001). 
· Children aged 5-8 experiencing low food security consumed less wholegrains than food-secure children (= -0.16, 95% CI -0.31 – -0.00, p<0.05).
· Children aged 13-17 experiencing very low food security consumed less wholegrains than food-secure children (=-0.42, 955 CI -0.83-0.01, p<0.05). 
· Children aged 5-8 from marginally food-secure households consumed more added sugar 0.97, 955 CI 0.03-1.91, p <0.05), this was also observed in 3–4-year-old children who were low food-secure (=-2.85, 95% CI -4.50- - 1.20, p<0.001). 
· Low food-secure 3–5-year-olds more sugar from sugar-sweetened beverages compared to food-secure children (=-1.84, 95% CI – 3.15-0.54, p<0.05). 
· All food-insecure children consumed less dairy than food-secure children (p<0.001)

	South et al., (2019)(72)
	US
	NHANES 2007-2014 (cross-sectional)
	N=7125
	8-17 (mean age 12)
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Blood pressure
	· Multivariable logistic regression
	· BMI, race/ethnicity, child age, child gender, household income
	· HFI was associated with high blood pressure (OR=1.26, 95% CI 1.04-1.54, p<0.05) 

	Tan et al., (2019)(73)
	US
	Children’s PowerPlay! Campaign (cross-sectional)
	N=3547
	9-11
	5 questions from Child Food Security Assessment (child)
	· Dietary intake
	· Multivariable mixed-effects linear and logistic regression
	· Gender, ethnicity/race, poverty level and survey year.
	· HFI in girls was associated with an increase in total kilocalories consumed (135 calories per day, p<0.005) and 60 calories from snacks per day at the highest severity of FI; p<0.05) compared with girls that were food-secure
· The same relationship was not seen for male children.
· This study found no association between HFI and meal patterns, including missing meals for either gender.

	Tester et al., (2016)(74)
	US
	NHANES 2003-2010 (cross-sectional)
	N=1072
	12-18
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Fasting TC, LDL- C, TG, HDL-C, TG/HDL-C ratio, and (Apo B)
	· Logistic regression
	· Race/ethnicity, household income, household size, poverty income ration, parent cohabiting, maternal education
	· Marginal HFI was associated with elevated TGs (OR=1.86, 95% CI 1.14-3.06), TG/HDL-C (OR=1.74, 95% CI 1.11-2.82) and Apo B (OR=1.98, 95% CI 1.17-3.36). 
· Marginally food-secure females had lower HDL-cholesterol than males (OR=2.69 955 CI 1.14-6.37). 

	Tevie and Shaya (2018)(75)
	US
	NHANES 2005-2012 (cross-sectional)
	N=6334
	12-18
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Child mental health
	· Multivariate logistic regression for three models 1) a cut off for poor mental health days of <14 days considered baseline, 2) cut off of <7 days, and 3) a cut off of <4 days. 
	· Poverty: income, gender, race/ethnicity, child age, child gender, parent education level.
	· Adolescents who experienced very low food security were more likely to suffer from bad mental health estimated by model 1(OR=2.06, 95% CI 1.63-2.58, p<0.0001), model 2 (OR=1.98, 95% CI 1.67-2.29, p<0.0001) and model 3 (OR=1.94, 95% CI 1.14-3.28, p=0.01) compared to adolescents from food-secure households. 

	To et al., (2014)(69)
	US
	NHANES 2003-2006 (Cross-sectional)
	N=3049 
	6-17
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Physical activity
	· Linear regression for identifying associations between HFI and time spent doing physical activity or being sedentary 
	· Age, gender, race/ethnicity, parent marital status, education, household size and household income
	· HFI was associated with less participation in moderate to vigorous physical activity (=-5.24, p=0.02) but there was no association between HFI and sedentary minutes (= 8.87, p=0.07). 

	Turner et al., (2022)(77) 
	US
	Youth Risk Behaviour Survey 2017 (cross-sectional) 
	N=43857
	14-19
	1 question “during the past 30 days how often did you go hungry because there was not enough food in your house?” (adolescent)
	· Substance abuse
· Cigarette smoking
· Alcohol consumption
	· Bivariate analyses using chi-square tests.
· Logistic regression calculated for adjusted prevalent ratios (PR)
	· Gender, age, ethnicity, school grade, sexual identity, current binge drinking, current marijuana use
	· Results from bivariate analyses: Food-insecure adolescents were more likely to participate in binge drinking, abuse of illegal substances such as marijuana as well as prescription drugs (p<0.05)
· Results from multivariable logistic regression: HFI was also associated a lifetime usage of prescription opioid substance abuse (PR=.1.38, 95% CI 1.12) and use of illicit drugs (PR=1.70, 95% CI 1.22-2.37)

	Widome et al., (2009)(78)
	US
	Project EAT 1998-1999 class (cross-sectional)
	N=4746
	<18
	2 items adapted from the USDA hunger core food security module HFI experience over the past 12 months (parent) 
	· Dietary intake
· Eating behaviour
	· Multiple linear regression
	· Age, grade level, gender, race/ethnicity, family income
	· HFI was associated with greater consumption of fat (p<0.01) and ate fewer family meals (p<0.001) and breakfast (p=0.001)
· HFI was associated with less food availability of unhealthy and healthy food in the household (p<0.001) across all hunger frequencies. 
· Both food-secure and food-insecure understood the benefits of healthy eating, across all hunger frequencies. 

	Wirth et al., (2020)(79)
	US
	Chart review of children visiting clinic (cross-sectional)
	N=2688
	2-17
	HVS screening measure binary rating system over the past 12 months (child)
	· Overweight/ obesity
	· Logistic regression 
	· Race/ethnicity, gender, insurance type, weight status, tobacco exposure, household composition, neighbourhood poverty rate
	· Food-insecure children and adolescents were less likely to be living with obesity compared to food-secure (RRR=0.56 95% CI 0.36-0.87) 
· HFI was negatively associated with obesity (OR=0.55, 95% CI 0.35-0.86, p<0.01). 

	Yang et al., (2018)(80)
	UK
	Born in Bradford study (longitudinal)
	N=1101 children
	4-5
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· BMI z-score 
· Dietary intake
	· Quantile and logistic regression- each ethnic group (White British and Pakistani analysed separately)
	· Mothers’ ethnicity, maternal age, maternal cohabitation status, maternal education, household size, subjective financial insecurity, IMD. 
	· White British mothers were more likely to report HFI than Pakistani mothers (11% vs 7%, p <0.01). 
· From 12 months of age to 4-5 years old, prevalence of overweight and obesity increased both among food secure (10% to 22%) and food insecure (8% to 22%) Pakistani origin children. 
· In regression models: BMI z-score increased by 0.25 units (95% CI 0.20-0.29) for Pakistani-origin children who were food secure and 0.40 units (95% CI 0.22-0.59) for their food insecure counterparts. 
· Among White British children the prevalence of overweight increased among food secure children (12% to 25%) but a decrease was observed among food insecure children (24% to 19%). 
· In White British children greater increases were observed for BMI z-scores among food-secure children (=0.17, 95% CI 0.13-0.21). This was statistically significant. In White British food insecure children, a smaller increase in BMI z-scores was observed (=0.06, 95% CI -0.05- 0.17). 
· Pakistani mothers were more likely to live in the most deprived areas or receive means-tested benefits compared to White British mothers.

	Zhu et al., (2019)(81)
	US
	Early Childhood Longitudinal Study-Kindergarten Cohort 1998-2007 (longitudinal)
	
	8-14
	USDA module 18-item questionnaire of HFI experience over past 12 months (parent) 
	· Obesity/ overweight

	· Logistic regression with Bonferroni adjustment
	· Child gender, race/ethnicity, birth weight, health insurance, household poverty (at/above or below the poverty threshold), parent depression, maternal nativity and maternal education. 
	· Children who experienced HFI in 5th grade had higher BMI z scores in 5th (OR=0.19 95% CI 0.07-0.30, p<0.05) and in the 8th grade (OR=0.17 95% CI 0.06-0.27, p<0.05)
· Children who were food-insecure had higher risk of overweight/obesity in 3rd, 5th and 8th grade compared to food-secure children (p<0.05).

	Abbreviations: ApoB: Apolipoprotein B-100, B: beta, BMI: body mass index, CI: confidence interval, HBA1c: haemoglobin A1C, HDL: high density lipoproteins, OR: odds ratio, PR: prevalence ratio, RR: relative risk, SD, standard deviation, SE, standard error, TG, Triglycerides.
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2.4.2 [bookmark: _Toc206700585]Results by outcomes 
2.4.2.1 Obesity and overweight 
Twenty-one studies investigated the relationship between HFI and child overweight/obesity and found mixed results(15, 17, 19, 21, 24, 33, 35, 39, 40, 43, 44, 50, 52, 58, 65, 67, 68, 70, 79-81). Eight studies found no direct association between HFI and child overweight/obesity using various markers of weight status, including BMI, waist circumference, trunk fat mass, triceps skin folds, body fat percentage, metabolic syndrome, BMI z-scores, weight status(15, 35, 39, 40, 58, 65, 67, 70). Eleven studies found a statistically significant association between HFI and greater odds of overweight/obesity OR range: 1.44-1.81 (95% CI range1.13-2.48)(24, 33, 43, 44, 47, 50, 52, 68, 79-81) One study only found an association between greater BMI and HFI in adolescent boys(24), while one study found an association in older children and not younger children (<6 years)(47). Two studies in this review did not report a statistically significant association between HFI and overweight. However, they did find a greater prevalence of obesity in food-insecure populations(33, 44). Only one study found an association between HFI and reduced odds of obesity, unlike the rest of the studies, this study additionally controlled for tobacco exposure(81). 

Studies found that the relationship between HFI and child overweight/obesity was determined by child age, child ethnicity, parental education, household income, maternal BMI and severity and timing of HFI(24, 43, 50, 52, 65, 67, 68, 79-81). For example, children who were food-insecure, older, non-White, whose parents had lower educational attainment, and whose parents were living with obesity were more likely to be overweight. One study found that food-insecure girls were more likely to be overweight, compared to food-secure girls but the same comparison was not drawn for boys(58). Furthermore, persistent HFI and timing of HFI were also associated with both weight extremes. Children who experienced persistent HFI throughout their life from early childhood to early adolescence had higher odds of being overweight, while children who experienced a single exposure to HFI in early childhood were associated with underweight in early adolescence(52, 79, 81)

One UK study was identified that used longitudinal data to examine the pattern of overweight and obesity in Pakistani-origin and White British food insecure and food secure children from age 12 months to age 4-5 years old. The study found a greater increase in BMI-z-scores for food insecure Pakistani-origin children (=0.40, 95% CI 0.22-0.59) vs food secure Pakistani-origin children (= 0.25, 95% CI 0.20-0.29). Additionally, the study found that in White British children, there was an increase in BMI-z scores among food insecure children (=0.17, 95% CI 0.13-0.21), and a small increase observed among food secure children, but this was not statistically significant (=0.06, 95% CI -0.05 – 0.17). The prevalence of overweight and obesity increased among Pakistani-origin food insecure children (8%to 42%) but decreased among White British food insecure children (24% to 19%) between 12 months and 4-5 years old. This study controlled for maternal ethnicity, maternal age, household characteristics (cohabitation status, education, means-tested benefits, household size) and mother’s subjective measure of financial security(80). These results suggest that the relationship between HFI and overweight in children may differ by ethnicity in the UK. 

Four studies explored the mechanism by which HFI may be associated with weight status(15, 17, 19, 21). Two studies exploring mechanisms found that an interaction between HFI and maternal stressors had impact on weight status, for children aged 3-10 years old and adolescents aged 10-15 years old, however results were mixed(17, 19).  Both studies did not find a direct association between HFI and child overweight. One study found that an interaction between food security status and maternal stressors amplified the probability of food secure children living with obesity or overweight, compared to children living in food in secure households, whose mothers experienced similar stressor levels (p<0.05)(17). In contrast, the second study found that maternal stressors enhanced the likelihood of living with overweight or obesity when an adolescent was exposed to HFI (p<0.001)(19). 

One study found that while HFI was directly associated with adolescent overweight (OR=1.56, 95% CI 1.13-2.15, p<0.05)  and obesity (OR=1.96, 95% CI 1.40-2.74, p<0.05) an indirect relationship was not mediated by sleep duration (p=0.23)(15). All three studies used common control variables including child gender, ethnicity/race and a measure of socioeconomic status (e.g. household income and/or parent education). A fourth study found a direct and indirect relationship between HFI and child overweight, mediated by child psychosocial factors including depression and social status (p<0.05)(21) However this study only controlled for child ethnicity and age, and did not factor for confounders such as household income and parental education, highlighting that the results should be interpreted with caution. 

2.4.2.2 Diet Quality

Nineteen studies reported and found an association between HFI and diet quality in both children and adolescents, using various diet quality indicators(25, 26, 29-31, 34, 37, 48-51, 53, 64, 68, 70, 71, 73, 78, 80). Six studies found that food-insecure children and adolescents were less likely to consume vegetables compared to their food-secure peers(26, 34, 49, 53, 64, 71). While three studies found that HFI was associated with reduced consumption of fruit(50, 64, 71). Four studies in older children (>10 years) found no association between HFI and fruit and/or vegetable consumption(34, 49, 68, 70). Between studies that did and did not find an association between HFI and fruit and/or vegetable intake, majority used adequate controls (e.g. child gender, age and a measure of socioeconomic status). However, three of the studies that did find an association did not control for race/ethnicity. HFI was also associated with reduced healthy and unhealthy food availability in the household(78). 

Five studies found that food-insecure children and adolescents were less likely to consume dairy than food secure children/adolescents(30, 31, 49, 71). Studies also found that children and adolescents were likely to consume greater savoury and sweet snacks, sugar-sweetened beverages and fast foods than those who were food-secure(29, 30, 48, 51, 53, 64, 71, 80).  Moreover, food-insecure children and adolescents were more likely to have higher daily energy intake, with lower energy consumption from protein and wholegrains(34, 49, 50, 53, 73, 78). Additionally, two studies found that HFI was associated with a reduced intake of vitamins A, B6, B12, thiamine, iron, riboflavin, magnesium phosphorous and zinc(31, 49). The relationship between HFI and diet quality differed by gender, ethnicity and child age(31, 80). For example, older children and those of non-White ethnicity had poorer diet qualities. Additionally, one study found that food insecure female children were more likely to consume fruit and vegetables, brown bread and crisps, and food insecure male children were more likely to consume hamburgers and fried potatoes(64). 


2.4.2.3 Eating behaviour

Ten studies found that HFI was associated with poor eating habits in children and adolescents, characterised by reduced frequency of family meals, meal skipping, binge eating and overeating in the absence of hunger(23, 25, 29, 36, 44, 51, 59, 64, 70, 78).  Maternal binge eating and breakfast skipping were associated with food-insecure adolescents mimicking this behaviour(25). A US study also found that food-insecure children who were not enrolled in a national school lunch programme were more likelier to skip lunch than food insecure children who were enrolled(29). Two studies found that HFI was related to weight-control eating behaviour, including fasting, laxative use and increased weight loss attempts in children and adolescents(44, 59).

2.4.2.4 Dental cavities
Three studies found an association between HFI and dental caries, which varied depending on HFI severity and child age (14, 41, 46). The odds of dental caries were significantly greater (OR=3.51 95% CI 1.71-7.19, p <0.05) in adolescents who experienced severe HFI compared to fully food-secure adolescents. Older food-insecure children had greater odds of dental caries(41). Children who experienced any HFI across all severities had poorer oral health compared to fully food-secure children(46). 

One study investigating mechanisms found that HFI was directly associated with untreated dental caries in children and adolescents (OR=1.38, 95% CI 1.11-1.72, p=0.006). In this study, diet quality was not found to be associated with untreated caries, so authors did not perform a mediation analysis(14). However, HFI was associated with poorer diet quality in this study.  

2.4.2.5 Pre-diabetes risk

Four studies found evidence demonstrating an association between HFI and increased prediabetes risk(28, 54, 57, 63). HFI was associated with greater HbA1c concentrations (> 9%, which is high risk) in all studies. Studies reported racial disparities between HFI and prediabetes risk, with Hispanic and Black children having greater prediabetes risk (p<0.001) than food-insecure children of other races(54). While another study found higher odds of prediabetes risk among food-insecure non-White Hispanic adolescents (adjusted (63) OR (aOR)=2.83 95% CI 2.14- 3.73) compared to food-insecure adolescents who were of Black race (aOR=1.88 95% CI 1.12-3.14) and Hispanic adolescents (aOR=1.84 95% CI 1.14-2.97)(28).

2.4.2.6 Hospitalisation risk

Two studies found that food-insecure children had greater rates of hospitalisation than food-secure(57).  HFI was associated with hospitalisations (aOR=3.66, 95% CI 1.54-8.66)(57) and emergency department visits (prevalence ratio (PR)=2.95, 95% CI 1.17-7.45)(63). 

2.4.2.7 Blood pressure
Five studies reported mixed evidence for the association of HFI with blood pressure(35, 43, 54, 67, 72). Three studies found a small positive association, varying by HFI severity, gender, age, ethnicity, and household income(54, 67, 72). For example, severe HFI older children were more likely to have greater blood pressure, but the difference was marginal. Two studies found little or no association(35, 43). All studies used adequate controls in their analyses. 

2.4.2.8 Cholesterol, fasting glucose and other metabolic markers of health
Three studies found no association between HFI and various metabolic markers of health(35, 43, 67). One study found a significant difference only for marginally food-insecure groups, where the odds of having elevated serum triglyceride (OR=1.86 95% CI 1.14-2.82), triglyceride/HDL-cholesterol (OR=1.74; 95% CI 1.11-2.82) and apolipoprotein B (Apo B) (OR=1.98 95% CI 1.17-3.36) were greater than those observed in food-secure groups. In this study, marginally food-secure females had greater odds than males of having low HDL-cholesterol (OR=2.69 95% CI 1.14-6.37)(74). All studies used similar controls of age, gender, ethnicity and socioeconomic status, however one study that did not find an association only controlled for age, sex and ethnicity. 

2.4.2.9 Asthma
Two studies found an association between HFI and asthma, which varied by race, household income and timing of HFI(55, 56). Food insecurity was associated with greater odds of asthma in non-Hispanic whites and Hispanics. However, odds were lower in non-Hispanic Black children(55) One study found that timing of HFI was an important determinant in the association between HFI and asthma diagnosis(56). For example, children who experienced HFI a year before entering kindergarten had 13% greater odds of an asthma diagnosis in the third grade (OR=1.13, 95%CI 1.17-1.20), while HFI experienced in the year prior to joining third grade was associated with 53% greater odds of developing asthma in the third grade (95% CI 1.51-1.55)(56). 

2.4.2.10 Anaemia
One study found a positive association between HFI and anaemia. The odds of iron deficiency anaemia among food-insecure adolescents were greater than food-secure adolescents (OR= 2.95 95% CI 1.18-7.37 p=0.02) (32).

2.4.2.11 Bone mass disparities 
One US study found HFI to be associated with less bone mass, particularly in food-insecure male children, who had significantly lower estimated total body (p=0.05), trunk (p=0.05), spine (p=0.2), pelvis (p=0.05) and left arm (p=0.02) bone mineral content than food-secure males(31). Food-insecure males consumed fewer dairy products, thus having lower calcium intake than recommended. HFI was more prevalent in non-Hispanic Black, Mexican American and Other ethnic groups. 

2.4.2.12 Physical activity 
Two studies found that fully food-secure adolescents were more likely to participate in moderate-to vigorous physical activity than food-insecure adolescents (p<0.02)(67, 76).

2.4.2.13 Quality of life 
Three studies found that food poverty or HFI were significantly associated with lower quality of life(50) and lower life satisfaction(64, 66) in children and adolescents aged 10-17 years. Moderate to severe HFI was associated with lower health-related quality of life outcomes, particularly psychosocial outcomes (p<0.05)(50).

2.4.2.14 Sleep
Two studies found a negative association between HFI and sleep (p<0.001)(48, 70). In both studies, food-insecure children and adolescents reported poor sleep quality. One study found that HFI was not associated with mean-centred sleep duration in adolescents(15)

2.4.2.15 Smoking, alcohol, and substance abuse
HFI was associated with greater odds of cigarette smoking(70), alcohol consumption(70), opioid misuse, and lifetime use of illicit drug use(62, 77). The relationship between HFI and smoking, alcohol and substance abuse was dependent on age and ethnicity; for example, one study found that food-insecure non-Hispanic Black and non-Hispanic white children of older age were more likely to partake in substance abuse behaviour(77).

2.4.2.16 Mental health and behaviour  
Fourteen studies found an association between HFI and detrimental mental health and behavioural difficulties(16, 18, 20, 22, 38, 42, 45, 60-62, 65, 66, 69, 75). Most studies explored the relationship in older children or adolescents, with only two studies(16, 42) reporting in children under 10 years. Four studies found an association between HFI and anxiety, which was significantly worse in females, older children, and adolescents, which worsened with HFI severity(60, 62, 66, 75). Reports of anxiety were greater in children and adolescents who were not shielded from HFI by caregivers(66). Four studies found an association between HFI and increased depression/atypical emotional symptoms(61, 62, 66, 69). Furthermore hunger was associated with greater odds of depression and suicidal ideation in adolescents (OR=2.3, 95% CI 1.2-4.3)(61). 

Four studies found a positive association between HFI and misconduct, behavioural difficulties and internalising and externalising symptoms in children and adolescents(42, 45, 62, 69). Persistent HFI was associated with greater misconduct in adolescents (bullying/ fighting/ stealing/ cheating/ lying/ misbehaving) and this was worse in food-insecure males than females compared to their food-secure counterparts(45). Additionally, three studies found that HFI was associated with poor self-esteem in older children and adolescents, and this was stronger in girls than boys (22, 38, 65). One study found a positive association between HFI and body dissatisfaction in US adolescents across all races and BMI categories, which was stronger among those with African American race/ethnicity (p<0.001)(22).

Three studies explored mediatory pathways between HFI and child/adolescent mental health and behavioural outcomes. One study found that HFI, reported by the parent in early childhood (aged 5 years), was directly associated with adolescent anxiety and depressive symptoms. The study found that both HFI and housing instability combined had an indirect impact on adolescent anxiety and depression via parenting stress and maternal depression, reported when the child was aged 9 years(18). A second study found that HFI, at age 5, was not directly associated with adolescent aggressive or depressive behaviour; however, it did have an indirect impact on aggressive behaviour and depressive behaviour via parenting stress reported when the child was aged 9 years(20).  A third study found that HFI was indirectly associated with lowered ability to pay attention, lower inhibitory control and greater externalising behaviours via parental aggravation in children aged 4-5 years(16). 

2.4.3 [bookmark: _Toc206700586]Quality assessment of mechanism studies

Eight mechanism studies, all using data from the US, in children and adolescents aged 3-17 years, were assessed by the QUIPS tool (14-16, 18-21). Low risk of bias was found in seven(14, 15, 17, 19, 20) out of eight studies, while moderate bias was found in one(12). Quality assessments are located in Appendix A3. 

2.4.4 [bookmark: _Conceptual_model_of][bookmark: _Toc206700587]Conceptual model of results

This review shows that the evidence relating HFI to health outcomes remains mixed. HFI was associated with detrimental child health outcomes including increased risk of prediabetes, poor oral health, asthma, lower participation in physical activity, lower quality of life, poorer diet quality, poorer mental health and poorer diet quality. However, it was unclear whether or how HFI is related to child overweight/obesity, blood pressure and cholesterol/ other biomarkers. Key sociodemographic factors such as socioeconomic status, household income, parent education status, child race/ ethnicity and gender and child age were considered to be important determinants of HFI and confounders of the relationship between HFI and child health outcomes.

The associations and mechanisms found in this review are illustrated in Figure 8. The green arrows represented an odds ratio >1, while the red arrows represented an odds ratio <1. Dashed lines represented mixed evidence. 
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[bookmark: _Ref190719754][bookmark: _Toc206702334]Figure 8: Preliminary problem-based conceptual model based of HFI and child health

2.5 [bookmark: _Toc206700588]Discussion 
This review identified two common themes, which were that HFI was associated with either diet-related outcomes or mental health- related outcomes. Thus, it is hypothesised that diet and mental health (non-nutrition) were the two key mechanistic pathways between HFI and detrimental child/adolescent health outcomes in children residing in Western HICs. There was a strength of evidence supporting the role of parent mental health as a mediator between HFI and greater child/adolescent mental health symptoms and behavioural difficulties (16, 18, 20). One explanation of this mechanism may be that, HFI may have contributed to poor caregiver mental health, resulting in reduced abilities to partake in positive parenting practices and provide parental warmth(82). This mechanism of action aligns with the Family Stress Model, which suggests that financial strain leads to economic pressures (e.g. HFI), which can contribute to caregiver psychological distress and compromised parenting practices that impact child outcomes(83).

This review found mixed evidence for an association between HFI and child weight-status, depending on a range of factors including, timing, severity of HFI and sociodemographic factors(24, 43, 50, 68, 80, 81).  Only one UK-based study was identified in the review, which examined the relationship between HFI and BMI z-score patterns from children aged 12 months to 4-5 years old, which showed that the relationship between HFI and child weight indicators (BMI z-score) may differ by ethnicity(80). The authors of this study stratified their analyses by race/ethnicity, due to the diverse nature of the Born in Bradford dataset that was used in the study. In this study, a greater prevalence of overweight and obesity was observed among food insecure children of both Pakistani- and White British-origin. The study found that in Pakistani-origin children the greatest increase in BMI z-scores was observe in the food insecure group, while the inverse was true for White British children. The study used a large sample size (n=1763) and adequate control variables in their analyses. In this study, only a small proportion of participants reported food insecurity (9%) therefore the authors did not stratify their analyses by HFI severity. It is possible that stratifying by HFI severity levels would have provided a granular understanding of the relationship between HFI and patterns of child overweight. The results of this study suggest that there is an interaction between HFI and ethnicity within the UK and could also explain why other studies did not find an association between HFI and child overweight/obesity when using general population samples without stratifying by ethnicity.  

Few studies investigated the mechanism by which HFI was associated with child weight-status and found maternal stressors as potential mediators. While one study found that maternal stressors enhanced the association between HFI and child overweight, another found that the association was enhanced for food-secure children(17, 19). Both of these studies included adequate controls including child age, gender, maternal education and household income. However, the second study which found an association between overweight and food-secure children within the presence of maternal stressors, also controlled for child television viewing (hours), birth weight, disabilities and food stamp receipts. Although no association between HFI and overweight was concluded from studies overall, there is evidence of higher obesity prevalence among food-insecure groups(33, 44)This is echoed in the literature, which has described this as the food insecurity-obesity paradox, which has been explained by a multitude of factors, including that; individuals may eat more when food is in abundance and reduce their intake when food availability is reduced(84).

In this review, food-insecure children were more likely to consume unhealthy snacks and fast foods(30, 51, 64). Unhealthy foods are often cheaper than healthier options, which may contribute to higher obesity rates in food-insecure populations who lack the resources to access nutritious food or rely on food banks(84, 85). However, food bank items may not be adequately nutritionally balanced, which can negatively affect child diet quality and influence child weight status(86).Evidence of the association between HFI and fruit and vegetable consumption was mixed(34, 49, 71),possibly due to caregiver shielding or intra-household HFI where caregivers may forgo their nutritional needs for their children(87). Three out of six studies that found an association between HFI and lower fruit or vegetable consumption did not control for ethnicity/race in their analyses, therefore it is possible that the observed association may be the result of the confounding effect of ethnicity. Literature suggests that HFI is more prevalent among ethnic minorities, and diet quality can be influenced by ethnicity due to cultural norms(80). Studies should ensure adequate controls are used when examining the relationship between HFI and child health outcomes to capture these nuances, particularly if they appear to have an interaction effect.

HFI was associated with reduced family meal participation and meal skipping, possibly due to low availability of food and increased caregiver stress, the combination of which would make preparing family meals more difficult(23, 78, 88).  An evidence gap identified in this review in terms of mechanisms was that no study at the time this review was conducted attempted to investigate the role of diet quality, child mental health or child eating behaviours or parent feeding styles as mediators between HFI and child weight status. A study in UK adults found that although HFI was not directly associated with higher BMI, it was indirectly associated with higher BMI via distress and eating to cope(89).  A similar study approach may be applied to children and adolescents using diet quality, parent feeding styles or child eating behaviours as mediators. One study found that HFI and child overweight was mediated by depression and social status, which suggests that diet-related outcomes such as overweight may be interrelated with mental health outcomes. However, this study did not control for household characteristics such as socioeconomic status, nor did it attempt to incorporate or control for parent characteristics such as mental health in its mediation model such as the mechanism studies for child mental health/ behaviour. It is possible that additional controls would have improved the quality of this study and reliability of its results, and the inclusion of parent factors could have provided a more comprehensive explanation of the relationships observed. 

While HFI was associated with untreated dental caries, and diet quality, diet quality was ruled out as a mediator of the relationship between HFI and untreated dental caries(14). In this study the authors used the Baron and Kenny mediation model, and when they did not find a statistically significant relationship between untreated dental caries and diet quality, they chose not to proceed further with the mediation model. There is evidence that the Baron and Kenny method is outdated and lower powered, with methods such as structural equation modelling (SEM) being more sophisticated methods for conducting mediation analysis(90). Other non-dietary mediators that could explain this relationship may be barriers to accessing household resources such as oral healthcare products (e.g. toothbrushing)(91). Additionally, parental stress experienced during food insecurity may influence caregiver ability to encourage dental care. Furthermore, authors may not have observed an association between untreated dental caries and diet quality e to the study’s cross-sectional design (much like the study design of majority of the included studied), which could only provide a snapshot of diet (over a 24 hour recall period) at one time point. 

A limitation of the results from this review were that they largely relied on cross-sectional data. Results from cross-sectional studies do not provide information on the relationship between HFI and child health over time, neither do they help to understand cause and effects. A more insightful approach would be to analyse longitudinal data on HFI and health outcomes, as this review has established that timing, duration and severity of HFI exposure, may have differential impact on these correlational relationships (55, 81). 

A limitation of this review was the rapid review study design, which relied on a single reviewer to screen studies. This design may have introduced study selection bias and/or failed to capture all relevant literature and outcomes to fulfil the study aims. However the final selection of studies were agreed upon by all authors, which may have minimised this risk(6, 92). There was a lack of consistency in the measures used to report HFI, with some studies using a validated measure and others using one or two-questions within a survey. A recent scoping review commissioned by the Food Standards Agency highlighted the diversity between HFI measures used to measure food insecurity in the UK, emphasising a need for research groups, governmental departments and third parties investigating food insecurity to report and recognise the strengths and limitations of the methods used, while acknowledging discrepancies between different measures(93). Most studies included in this review relied on parent-reported data regarding HFI, and incorporating child-reported measures could provide valuable insights, especially in adolescents who may have a greater awareness of HFI and more autonomy over their food environment. Using child-reported outcomes could enhance our understanding of how HFI impacts children and adolescents, offering a more accurate perspective for developing interventions tailored to their needs(53, 94). 

It was not appropriate to conduct a meta-analysis due to the heterogeneity between outcomes measured, the population selected, study comparators, and the varied instruments used to measure HFI across included studies. Additionally, a meta-analysis approach may have been overly simplistic to capture the complex systems that impact the relationships between HFI, and child/adolescent health outcomes(95). In this study, statistical significance was used as a practical tool to conceptualise HFI and its associated health outcomes. While this approach may be considered controversial in light of emerging literature suggesting that over-reliance on statistical significance can lead to incorrect conclusions, effect sizes were also reported to provide a more nuanced understanding of the correlational relationships between HFI and child/adolescent health outcomes(96). This dual approach ensured a balanced interpretation of mechanisms and associations while offering a foundation for further exploration of these complex relationships.

The review identified a gap in the literature for UK-based studies and highlighted that further research using quantitative methods and longitudinal data may be beneficial to gaining more insight into mechanisms. Due to the inclusion criteria, qualitative evidence and studies of LMICs were excluded from this review. This review can inform future research priorities, such as a qualitative review, that could add depth and an account of individual experiences of HFI to supplement the findings of this review. Additionally, a review exploring HFI and child/adolescent outcomes and mediators in LMICs could be conducted to compare findings. 

The conceptual map provides a guide for policymakers to identify where interventions may be beneficial in ameliorating the health impact of HFI in children. Interventions targeting diet quality in disadvantaged child/adolescent populations, such as free school meals, may be useful in reducing the diet-related detrimental outcomes related to HFI. 

2.6 [bookmark: _Toc206700589]Conclusions
The present rapid review identified that HFI is related to detrimental child physical and psychosocial health outcomes via two pathways: (i) diet and (ii) mental health. Maternal mental health and parent stress appeared to mediate indirect pathways between HFI and child/adolescent behaviour and mental health outcomes. However, gaps remain in the evidence, particularly for UK-based studies, and further research is needed, especially using longitudinal designs to examine the direction and trends for the relationships between HFI and child health outcomes over time. Mixed findings regarding associations may be explained by parental shielding from HFI, raising questions about the validity of parent-reported versus child-reported HFI, particularly in older children. Sociodemographic factors such as race/ethnicity, gender, and household income are key determinants of HFI and significant confounders in the relationship between HFI and health outcomes. These factors should be considered in the design of future interventions targeting HFI in child and adolescent populations.
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3. [bookmark: _Toc206700591]A rapid review summarising cost-effectiveness and effectiveness evidence of UK school-based feeding interventions for their impact on HFI-related child health outcomes 

[bookmark: _Toc206700592]3.1 Introduction
In this thesis, school-based feeding interventions are defined as food provisions that are offered to children in state funded school-setting at low or no cost. Section 1.4 introduced the key school-based feeding interventions in the UK, which include free school meals (FSM), universal free school meals (UFSM), breakfast clubs, and the English School Fruit and Vegetable Schemes (SFVS). In this review holiday clubs are considered an extended form of school food provision. The devolved nations have their own unique eligibility criteria for students to access these interventions, which are presented in Appendix B1.  

FSM and UFSM are mandatory policies that are funded by the education departments of Government bodies to facilitate the provision of school food in state-funded schools(9). While breakfast clubs, holiday clubs and the English SFVS are encouraged by the Government, but their provisions are voluntary based on the school’s discretion(57,93–95). The SFVS is funded by the Department for Health as part of the NHS’s five-a-day programme, while the holiday and breakfast clubs can be funded by education departments of Government bodies (e.g. the national school breakfast programme funded by the Department for Education in England) and organisations including charities and industry partners(57). Funders, particularly Government bodies influence the interventions aims, who they should target and what they should achieve. School-based feeding interventions were developed for children of low socioeconomic backgrounds with an aim to provide them with a nutritious meal that could support their learning in the classroom and reduce education inequalities. However, as highlighted in section 1.4.4, school-based feeding interventions may be evaluated for their impacts on child health outcomes including those associated with HFI. 

The COVID-19 pandemic brought light to the prevalence of household food insecurity (HFI) in the UK, which remains high in families with dependent children(96). The closure of schools during government lockdowns resulted in the disruption of school meal provisions, and children who were eligible for FSM received weekly food vouchers or food parcels in attempt to ensure they were still able to access food that they were entitled to(97). This step was taken to ensure that vulnerable children received meals during a period which caused economic hardship and other stresses among households. This highlights a role that school-based feeding interventions could play in improving HFI in families with children, which continues to be the result of economic stress to families and public health concern. The results from Chapter 2 found that HFI was associated with a plethora of poor health outcomes in children, which were related two mechanistic pathways (diet and mental health). There is potential for school-based feeding interventions to improve HFI and its associated health consequences in food insecure child populations via the nutritional pathway. 

The review in this thesis identified and summarised the effectiveness and cost-effectiveness evidence of school-based feeding interventions for their impacts on HFI and HFI-related child health outcomes within the UK. This review forms part of the evidence required for developing the problem-based conceptual model in Phase C and informing the design-based conceptual model in Phase D of the conceptual modelling framework(88) (section 1.5.4). 

3.2 [bookmark: _Toc206700593]Aims and Objectives 
The aim of this review was to provide a summarised account of the evidence that reports on the effectiveness and/or cost-effectiveness of any policy or policy-ready intervention involving the provision of food in UK schools at low or no cost, that may mitigate the detrimental impact of HFI on child health outcomes. The individual objectives of this review were:
1. To summarise the nutritional targets of key school-based feeding interventions 
2. To summarise the health outcomes impacted by key school-based feeding interventions 
3. To summarise the cost/ cost-effectiveness implications of key school-based feeding interventions on health outcomes associated with HFI identified in Chapter 2
4. To summarise the impact of key school-based feeding interventions on health inequalities associated with HFI. 
3.3 [bookmark: _Toc206700594]Methods 
3.3.1 [bookmark: _Toc206700595]Study Design
The aims of this review were met using rapid review methods due to time constraints of the project, the fast-evolving nature of this field, and its role in generating evidence to inform subsequent research phases within this thesis. The rapid review methodology maintains rigour and systematic methods, while limiting certain aspects of the systematic review process to a broad and flexible synthesis of existing evidence in a timely manner(98,99). This review adhered to several elements of the systematic review methodology, including maintaining a structured search strategy in peer-reviewed databases, pre-defined inclusion and exclusion criteria for study screening and a grey literature review(99). A grey literature review was conducted as it was anticipated that government documents such as policy documents would be essential for capturing evidence to fulfil the review aims. Unlike a systematic review, all studies were screened by me, and did not undergo quality assessment. 

3.3.2 [bookmark: _Toc206700596]Search Strategy
Peer-reviewed journal articles
An initial scoping search was performed in PubMed and Google Scholar to identify key publications and retrieve keywords for the main search strategy. The search strategy was designed to capture studies that would fulfil the aims of the review and meet the review objectives. Peer-reviewed literature was identified by searching OVID medline, EMBASE, Web of Science and The Cochrane Library in April 2022. 

The search strategy was divided into five concepts: (i) the school setting, (ii) policies and interventions, (iii) eating/meals, (iv) child/adolescent populations and (v) geographical focus on UK. Within each search, key words were searched as Medical Subject Headings (MeSH) terms and within titles and abstracts. The search strategy for this review is presented in Appendix B2. A published NICE geographic search filter was used to filter only UK studies, which aimed to enhance the robustness of the strategy(100).  A publication date filter was used to only retrieve articles published between 2014 to 2022. The year 2014 was chosen as it was the year that the English Government introduced the UFSM policy, and soon after universal expansions of FSM were implemented in Scotland and Wales. To ensure that no relevant studies were missed, backwards and forwards citation searching of included papers was conducted to identify seminal papers before this period. 

Grey literature search
Grey literature review provided a holistic and comprehensive review of the literature. A grey literature search was conducted in Overton and the Education Policy Institute, using the following search words: “school meal or school meals”, “school lunch”, “free school meals”, “breakfast club”, “holiday club” and “school food”. These terms were more specific than those used in the main search strategy of peer-reviewed articles, due to the limited nature of the grey literature search engine’s ability to combine terms. 
3.3.3 [bookmark: _Toc206700597]Inclusion and exclusion criteria
Studies were included if they met the definition of school-based feeding interventions in this review, and this definition was extended to include holiday clubs that offered school food at low or no cost in school or community settings. They were included if they reported on school-aged children (4-18 years old). Four years old is the earliest children can enter primary school and receive food provisions such as the UFSM. Children aged 16-18 years were included as FSM policies extend to students who attend certain further education institutions and meet the eligibility criteria. 

Studies that evaluated the impact of school-based feeding interventions on health outcomes, HFI and HFI-related health outcomes (as identified by Chapter 2) were included. This included diet quality, dental caries, weight-status, anaemia, bone-mass, prediabetes risk, sleep physical activity, child behaviour and mental health symptoms(101–107). Studies were also included if they evaluated the impact of school-based feeding interventions on parent mental health, as Chapter 2 identified that HFI was associated with poor parent mental health, and parent mental health acted as a mediator between HFI and child behaviour and mental health outcomes(103,108,109). 

Studies were included if they compared school meals to packed lunches for their impact on child health outcomes. These studies would provide insight into the dietary quality of school meals and therefore give insight into how interventions such as FSM, which facilitate the uptake of school food, could improve child diet quality. Evaluations of interventions or policies demonstrating a new provision of food or a substantive change to an existing policy were also included. For example, studies evaluating the impact of improved school food standards for impacts on child diet quality were included as children receiving any of the school feeding interventions must adhere to these standards which would indirectly impact the effectiveness of these interventions on child diet quality. Studies that evaluated the impact of school food provisions on take-up were also included. Policies enhancing take-up would mean that a larger proportion of children would be receiving school food and the health benefits associated with these. Finally, studies reporting on the impact of school-based feeding interventions on cost and cost-effectiveness outcomes were also included, particularly those that measured the impact of school food provisions on cost and time-savings to households. Improving cost and time for parents could potentially improve HFI and poor parent mental health associated with HFI and economic hardships, which could have positive implications for child health(108). 

In this review, educational outcomes and impacts on school absenteeism were not explicitly addressed, as their inclusions did not align with the aims of this review. Articles were included if they were published in English and reported on UK studies only, and a detailed inclusion/exclusion criteria is presented in Appendix B3. 
3.3.4 [bookmark: _Toc206700598]Data extraction
I as the reviewer extracted all data from peer-reviewed studies using a data extraction form that was adapted from the Cochrane Data Extraction Form(110). Grey literature was firstly extracted using a data extraction template (Appendix B4) for record keeping and then extracted using the same method as described for the peer-reviewed studies(111). 

3.4 [bookmark: _Toc206700599]Results
3.4.1 [bookmark: _Toc206700600]Summary of included studies
The PRISMA flow diagram of the study selection process is presented in Figure 9. Across all peer-reviewed databases n=3810 were retrieved and after deduplication n=2506 studies remained for title and abstract screening. During title and abstract screening, n=2376 were excluded as they either reported on non-UK studies, were of irrelevant topic areas, did not evaluate child populations or did not report on appropriate interventions. A total of n=130 were eligible for full text screening. N=115 were excluded due to irrelevance to the inclusion/exclusion criteria and n=15 studies were included from the peer-reviewed search.  A further n=11 studies were identified by citation searching. Finally, a further n=9 studies were identified by the grey literature search. A total of n=35 studies were included in the review. 
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[bookmark: _Ref190718261][bookmark: _Toc206702335]Figure 9: PRISMA flow diagram of study selection

Key characteristics of included studies are presented in Appendix B3. Out of the n=35 included studies, n=5 evaluate improvements of the school food standards, n=7 evaluated school meal types, n=5 evaluated breakfast clubs, n=6 evaluated holiday clubs, n=5 evaluated UFSM, n=2 evaluated the SFVS, n=2 evaluated the English UFSM and extended- FSM pilot and n=1 evaluated the Scottish UFSM pilot. Majority of studies (n=19) explored intervention impacts in primary school children (4-11 years), while n=3 exclusively investigated secondary school-aged children (11-18 years), and n=13 examined both primary and secondary school-aged children.

In terms of outcomes, n=3 studies explored child weight, n=28 investigated diet quality (including nutrition standards of the food provided), n=6 reported on eating behaviours, n=1 physical activity, n=12 intervention take-up rates, n=1 child mental health, n=5 child behaviour, n=6 HFI/deprivation, and n=8 reported on costings/cost-effectiveness evidence.

In terms of study design, n=17 studies adopted a cross-sectional study design, of which n=5 were natural experiments, n=4 secondary evaluations of cluster randomised-controlled trials (RCTs), n=1 a non-RCT study design, n=4 adopting quasiexperimental designs. A total of n=10 studies used mixed methods to evaluate intervention impact, with n=1 considered a natural experiment. 

3.4.2 [bookmark: _Toc206700601]Intervention impacts by health outcome

The key results of included studies are presented by outcome in Table 3.
	[bookmark: _Ref190718354][bookmark: _Ref190982036]Author (year)
	Intervention type
	Summary of key methods
	Key results

	
	Child weight status

	Holford and Rabe (2022)(112)
	UFSM
	· English study 
· Comparison of pre- (pre 2008/2009) and post UFSM (2017/2018) policy
· Difference in difference analysis
· Data from the NCMP was used for child height and weight
· Children aged 4-5 years old 
· Individual-level analysis
	· UFSM was associated with healthy BMI post policy compared to pre-policy, with reduced likelihood of obesity. 
· The policy reduced average BMI by 10.3% of a standard deviation by the end of the first year. Which means 158g weight loss in boys, and 182g in girls (in children who complied with the programme).
· An absolute weight change (intention-to-treat) was 63g in boys and 74g for girls.
· In the intention-to-treat analysis (regardless of policy take-up), children were 1.1% point more likely to be classified as healthy weight compared to those not exposed to the scheme. 
· The reduction in obesity prevalence was mainly observed in schools with mid-range levels of socioeconomic deprivation (measured by FSM eligibility quintiles). 
· Longer exposure to the UFSM scheme was associated with greater beneficial impact on bodyweight outcomes
· Children in lowest and highest quintiles experienced no significant change in obesity rates.

	Crawford (2016)(113)
	Breakfast clubs
	· English study of Primary school aged children (KS1 + KS2)
· RCT (randomisation at the school level) for intervention (free breakfast club) vs control schools
· Schools were eligible if they had at least 35% of pupils who were currently FSM-eligible
· Data from the NCMP was used for child height and weight (school-level)
· Weighted linear regression
· School-level analysis
	· Implementation of the Magic Breakfast intervention had no impact on the BMI z-scores of years 6 pupils (effect size: 0.11, p=0.18) but BMI z-scores were higher in the intervention arm

	Dearden et al., (2012)(62)
	UFSM and extended- FSM pilot
	· English study
· Primary (in UFSM pilot areas) school children and secondary school children (in extended FSM pilot areas)
·  Data from the NCMP used for child height and weight
· Comparison of proportion of healthy weight BMI pre and post pilot
	· No significant change in BMI or obesity levels were observed over the two-year period for either of the programmes.

	
	Dietary intake/quality

	Crawford et al., (2016)(113)
	Breakfast club
	· Details of study above. 
· Dietary data collected from children who were asked to describe or draw the food they had eating that morning
· OLS and logistic regression
	· Increase in healthy food consumption when offered school breakfast clubs (70% at baseline prior to attending breakfast club vs 86% at follow-up).
· Children in the intervention arm were three times more likely to consume breakfast at school compared to those whose schools who did not have the free breakfast clubs’ intervention (22% vs 7%). 

	Crilley et al., (2021)(114)
	Holiday club
	· This study was based on a holiday club in London and children attending the club were aged 7-16 years
· 24-hour recall food diaries (one on holiday club day and one on non-club day), children were supported by researcher on providing details on the portion sizes
· Paired sample T-tests 
· Individual level 
	· Children had higher diet quality scores on club days (mean=58 ±SD 12.6) than non-club days (51.8 ± SD15.0) (p=0.007). Children consumed more carbohydrates (p=0.002), fats (p=0.001) and saturated fats (p=0.001) on club-days than non-club day. On club days vs non-club days, more children met the dietary recommended intake for carbohydrates (71.9% vs 49.1%), fat (70.2% vs 21.1%), and saturated fats (70.2% vs 38.6%).  
· A greater percentage of children met the school food standards for protein target on club-days compared to non-club days (91.2% vs 50.9%) and fruit and vegetable intake on club-days compared to non-club days (31.6% vs 1.8%). 
· Dairy category scores were lower on club-days than non-club days (median=1, IQR 0-3.2 vs median = 2, IQR 0-3.3). 

	Defeyeter (2018)(115)
	Holiday club
	· Holiday clubs in the North of England
· 24-hour recall food diaries
· Descriptive statistics and paired sample t-tests
· Qualitative interview with parents, staff and children
· Individual level parent-dyad responses
	· Children consumed greater servings of fruit on club days across the entire day (0.67) than non-club days (0.33) (p=0.001). The type of club attended had a significant impact on fruit consumption. Frequency of fruit consumption was greater on club-days than non-club days (p-=0.991). 
· No significant difference was observed in total servings of vegetables consumed between club and non-club days across the entire day. The type of club attended had an impact of vegetable consumption. Frequency of vegetable consumption was greater on club-days versus non-club days (p=0.009). 
· Frequency of water consumption was greater on club-days versus non-club days (2.42 vs 2.25, p=0.022). Frequency differed by gender, and club-type. 
· Children consumed fewer number of non-core foods before lunch on club-days than non-club days (p=0.002). 
· The frequency of sweetened beverages consumption (p=0.001), energy drink energy drinks consumption (p=0.001), crisp consumption (p=0.001) and fast-food consumption (p=0.001) was lower on club-days than non-club days. 

	Evans (2015)(116)
	School meals type 
	· English study 
· Data from 54 primary schools (one class from year 2 randomly selected)
· 24-hour recall food diary used to record dietary data by trained administrators during the school day and by parents at home
· Multilevel regression and logistic regression models
· Individual level analysis
	· School meals were associated with greater consumption of vegetables, protein, fibre, sausages, pizza, starches, custard and water. 
· Children who brought packed lunches were more likely to consume sugar sweetened beverages, savoury snacks, breads and sweet snacks. They also were more likely to consume more salt throughout the day than children who received school meals. 
· Children consuming school meals consumed greater protein (mean=57.4g, SE=0.8), low total sugar (mean=118.7g vs 129.6g) and lower salt (mean=2045g vs 2146g) than those bringing packed lunches. 
· Salt and sugar intakes were high across both school meal types, and starch and fibre intakes lower than those recommended by the Department of Health. 

	Fogarty (2007)(117)
	National Fruit and Vegetable Scheme
	· English study
· Primary school aged children data collected 2003-2005
· Consumption per school in a particular region that received fruit compared to school in a region that did not
· T-test
· School-level 
	· The scheme improved fruit intake across all socioeconomic groups (from median 7 to 14 pieces a week). After children were no longer eligible for the scheme, fruit intake in intervention schools reduced to 12 pieces per week which was lower than the control schools (median=14 pieces/week, p=0.02). 

	Gatenby et al., (2011)(118)
	School meal type 
	· English study
· Two primary schools assessed one in lower income area vs one in high income area (10 children assessed per school)
· 5-day food diaries completed on 5 consecutive school days by the children
· Two-tailed independent t-tests 
· Individual-level 
	· Children who consumed school meals consumed greater quantities of foods at lunch time compared to children who consumed packed lunches. 
· Children from both affluent and less affluent schools who consumed free school meals consumed less energy, salt, fat and micronutrients than those receiving packed lunches throughout the day. 
· Children from affluent schools consumed greater energy (398kcal ±128 vs 367±128), salt (374.8mg ±140.5 vs 334.7 ±118.4), and non-milk extrinsic sugars (11.9g ±3.9 vs 7.0 ± 4.2, p<0.01) than children from the less affluent school.
· No difference was observed for overall nutrient intake between school meal types. 
· School meals met most nutritional guidelines, but children did not consume enough of the food provided, leading to lower than recommended intakes of several nutrients. 
· Children often left food such as vegetables and potatoes uneaten. 
· Children who ate school meals consumed more snacks high in fat, sugar and sodium later in the day. 

	Haney (2022)
	School meal type
	· UK-wide study
· Pooled cross-sectional analysis (2008-2017)
· Children aged 4-16 years completed 3-4food diaries 
· Multivariable logistic regression models assessed association of meeting food and nutrient recommendations by meal type
· Analyses were also stratified by child age (key stage)
	· School meals were of greater nutritional quality than packed lunches, but neither meal type reached optimal nutritional composition according to dietary guidelines. 
· Packed lunches  compared to school meals contained less vegetables (aOR 0.1, 95% CI 0.1-0.2), less protein (aOR=0.5, 95% CI 0.3-0.6), more fruit (aOR=2.8, 95% CI 2.2-3.4), more wholemeal products (aOR=4.9, 95% CI 3.8-6.4), more dairy products (aOR=1.3, 95% CI 1.1-1.6), more savoury snacks (aOR-10.1, 95% CI 7.5-13.5), and more sweet snacks (aOR=3.1, 95% CI 2.6-3.8). 
· Packed lunches compared to school meals were less likely to meet fibre recommendations (aOR=0.7, 95% CI 0.5-0.8), non-milk extrinsic sugar recommendations (aOR=0.6, 95% CI 0.5-0.7), salt (aOR=0.3, 95% CI0.3-0.4) and were more likely to meet calcium recommendations (aOR=2.1 95% CI 1.7-2.6). 
· Effect sizes were greater in younger age groups (4-11 years) than older age groups (12-16 years). For example, the likelihood of packed lunches containing vegetables was significantly lower (aOR 0.05, 95% CI 0.03, 0.08) in Key Stage 1 (age 4-7 years) compared to school meals, but in Key Stage 4 (age 15-16 years) the difference was smaller (aOR 0.23, 95% CI 0.13, 0.42).

	Haroun et al., (2011)(119)
	School Food and Nutrition Standards
	· English study
· Cross-sectional study (2005 pre standards vs 2008 post standards)
· Fieldworkers recorded child school food components and nutrition 
· Independent sample t-test 
· Individual level
	· School meals with the new food-based standards and nutrient based standards had less fat intake (mean=-2.8g, 95% CI -4.0- -1.6), saturated fat intake (mean=01.2g, 95% CI -1.8 - -0.6), and sodium intake (-148.8mg, 95% CI -191.2- - 100.4) than school meals meeting food-based standards only. 
· Schools meeting new food and nutrient standards offered greater diet diversity. 

	Harrison et al., (2013)(120)
	School meal-type
	· Study was conducted in Norfolk, England.
· Children aged 9-10 years old
· School meal content verses packed lunch content
· 4-day diaries (2 school days and 2 weekends) reported by the children with help from their parents.
· Multilevel regression models
· Individual and school-level analyses undertaken 
	· Children consuming school meals consumed greater vegetables at lunch time (mean difference 27g) and across the 4-day study period (mean difference 15.3g, 95% CI 8.7-21.9) than those consuming packed lunches. 
· Children consuming school meals consumed greater sweet snacks (mean difference 10.7g, 95% CI 4.8-16.5) and chips (mean difference 7.4g, 955 CI 2.9-11.9) across the 4-day study period. 
· Children consuming school meals consumed less savoury snacks (mean difference -3.8g, 95% CI -5.5 - -2.2) , confectionary (mean difference = -3.8g, 95 CI -5.7- -1.9), bread (-11.8g, 95% CI -16.2 – - 7.5), fruit (mean difference = -9.9g, 95% CI -16.3 - -3.5) and fruit squash (mean difference -40.9g, 95% CI -57.7 - -24.2)  than those consuming packed lunches.  
· Children eating school meals consumed more starchy foods at lunch time (mean difference 6.9g) and dairy at lunch time (mean difference = 5.2g) than those eating packed lunches.
· Diets of children eating school meals had a significantly lower energy density over the 4-day study period than the diets of those eating packed lunches (-0.4kJ/g, 95% CI -0.5 - -0.3). 
· Food choices of those eating school meals were more in line with the school food trust standards in place at the time of the study. 

	Morgan et al., (2019)(121)
	Holiday clubs
	· Welsh study
· Mixed methods evaluation of 10 Food and Fun clubs
· Comparison of food pre- and post-holiday club meal consumption (children drew pictures of food consumed at home in the club)
· Children provided with a survey to explore their views on eating habits on club and non-club days
· Individual and group-level analyses undertaken
	· Children reported consuming fewer sugary snacks (66%), sugary drinks (81%) and greater fruit and vegetables (67%) than at home. 

	Jenkins et al., (2015)(122)
	Breakfast clubs
	· Welsh primary school breakfast programme
· Comparison of breakfast consumed in the club versus breakfast consumed at home using 24-hour food diary from 6-9 children from each school. 
· Compared children who were FSM-eligible to those who were not. 
· T-test, group level. 
	· School breakfasts were significantly higher in selenium (mean=5.1 μg vs mean 3.2 μg) and carbohydrates (mean 59.8g vs mean 48.7g) than breakfasts consumed at home. 
· Children who consumed both breakfast at home and school consumed significantly greater mean energy (1.70MJ vs 1.10MJ), fat (11.0g vs 7.3g), potassium (613.6mg vs 394.3mg), chlore (70.9mg vs 524.9mg), folate (92.8μg vs 3.2μg), vitamin C (53.8mg vs 25.7mg) than those eating breakfast at home only. 
· Breakfast size was associated with higher daily intakes of nutrients. 
· Children who were eligible for FSM had lower mean intakes of Vitamin C (17.7g vs 33.3mg) and Potassium (362.2mg vs 371.8mg) at breakfast compared to children who did not qualify for FSM. 
· Approximately 49% of children consumed breakfast both at home and at school, however there was no difference in total daily energy intake. 

	Dearden et al., (2012)(62)
	Universal and extended FSM pilot trials 
	· English pilot study of universal and extended FSM
· Propensity score matching (considering age, sex, ethnicity, prior attainment at school and socioeconomic background). 
· School-level analyses
	· The universal pilot led to a 26% increase in proportion of pupils eating vegetables at lunchtime and a 18% decrease in proportion of children consuming crisps at lunch time. The pilot results in a decrease in the consumption of whole pieces of fruit at lunch time. 
· The extended entitlement pilot, which only expanded eligibility criteria did not significantly impact lunch time eating habits. 

	Mann et al., (2020)(123)
	Holiday club
	· English study evaluation of Kitchen Social’s holiday provision 
· 24-hour recall food diary completed by children comparing club days to non-club days
· Individual and group level analyses
· ANOVAs conducted. 
	· Club days were associated with less consumption of fat (426.46 vs 496.62 calories) and saturated fat (15 vs 19.68 calories) and greater calories from protein (91.03 vs 66 calories) than non-club days. 
· There was no significant difference in the intake of fruit, vegetables, or sweetened drinks.
· During breakfast, primary school-aged children consumed more protein (35.72g) compared to secondary school children (21.32g). 
· During lunch, children consumed more calories from protein for lunch on a day they attended the club (91.03g) compared to when they did not attend the club (66.32g) 

	McNeil et al., (2017)(124)
	School Food Standards
	· Scottish study
· 24-hour food diary pre (2006) and post (2010) introduction of the new standards. 
· Linear regression models
· School level analyses 
	· When comparing school food quality in 2006 to 2010, there was a decrease in daily energy intake, confectionary and savoury snack consumption. There was an increase in vegetable intake (by 13%). Non-milk extrinsic sugars intake energy as percentage of food energy decreased significantly across all socioeconomic groups. 

	Moore et al., (2014)(125) 
	Breakfast clubs
	· A study of N=111 primary schools in Wales 
· Primary school aged children (9-11 years)
· Secondary analysis of a Cluster RCT (intervention schools vs control schools)
· One child per school from year 5 and one from year 6 completed 24-hour food diaries at baseline and 12 months following intervention implementation.
· Teacher-reported behaviour using the SDQ
· School-level weighted regression models
· School-level analysis
	· Children in schools that implemented the Primary School Free Breakfast Initiative in Wales ate a significantly greater number of healthy breakfast items compared to those in control schools. Healthy items were defined as non-sugar-coated cereals, breads, dairy products and fruit. The study reports a beta coefficient of 0.25 (95% CI 0.07, 0.44) in school-level analysis, meaning that, on average, pupils in intervention schools ate 0.25 more servings of healthy breakfast items.

	Murphy et al., (2011)(126)
	Breakfast clubs 
	· 24-hour food diary of children in the intervention (breakfast club) vs 24-hour food diary of children in the control group (no breakfast club), at baseline and at 12-month follow-up (12 months of breakfast club). 
· Healthy food items were categorised as bread, cereal, milk and fruit, and unhealthy items categorised as sweets and crisps.
· Attitude towards 
· Weighted linear regression model (intention to treat analysis)
· School-level analyses
	· Intervention did not significantly impact breakfast skipping or unhealthy items consumed at breakfast. 
· Students in intervention schools reportedly a significantly higher number of healthy food items consumed at breakfast than those in the control group (Beta=0.23, 95% CI 0.09-0.37). 
· Students in intervention schools had more positive attitudes towards breakfast eating (beta = 0.74, 95% CI 0.05-1.43). 
· Parent reported greater child breakfast consumption at school (beta= 0.19, 95% CI 0.12-0.26) and lower consumption at home in the intervention group (beta=-0.15, 95% CI -0.21- -0.10). 

	O’Connor (2014)(127)
	Diet quality
	· English study evaluation of Holiday Kitchen summer holiday and activities programme
· Parent and child surveys pre and post club (club was active for 8 days) 
· Qualitative data and descriptive statistics were calculated.
	· Children reported consuming healthy food on club-days compared to non-club days. Children ate fewer sweet and savoury snacks and sugar-sweetened beverages on club-days than on non-club days. 

	Parnham et al., (2022)(10)
	UFSM
	· English and Scottish study 
· Primary school children (4-7 years) were the intervention group with junior children school children (8-11 years) as the controls
· Difference in difference analysis
· Pooled cross-sectional data from NDNS pre- (2010-2014) and post- UFSM (2014-2017) assessed (3 or 4-day food diaries reported by parents if they child was <12 years and children older 12 years and over)
· Individual level analysis

	· No significant impact observed pre and post introduction of the UFSM intervention for fruit and vegetable and sweetened beverage consumption. 
· The scheme was associated with a reduction in consumption of crisps (-18.1% 95% CI -30.5% - -5.7%), wholemeal products (-24.3%, 95% CI -27% - 0.1%) and dairy products (-13.4%, 95% CI -27% - 0.2%). 
· The scheme was associated with a reduction in total fat -2.5g (95% CI: -4.5g- -0.5g), sodium - 103.8mg (95% CI: -163.1mg- -44.5mg) and vitamin 63µg (95% CI: -123.8µg, -4.1µg). No impact was observed for sugar reduction. 
· The positive effect on diet quality was greater among children from low-income families. E.g. the likelihood of consuming crisps decreased by 32.8% in this group, compared to no significant change in the middle and high-income groups. 
· For the middle-income children, there was evidence of an increase in the 
· consumption of puddings post-policy (25.1% 95% CI 0.3-49.8%). 
· The study did not differentiate between low-income children who were FSM-eligible and who were not. 

	Parnham et al., (2022b)(128)
	School meal type
	· UK-wide study 
· Primary and secondary aged children
· Difference in difference analysis
· Pooled cross-sectional data from NDNS collected between 2008-2017 (3 or 4-day food diaries reported by parents if they child was <12 years and children older 12 years and over)
· Multivariable quantile regression analysis
· Individual level analysis

	· School meals contained lower ultra processed food (UPF) content compared to packed lunches across both primary and secondary schools. The difference was more pronounced in primary schools, with school meals containing 19.6% lower median UPF % kcal (95% CI -22.3, - -17.5) and -24.8% median UPF % g (95% CI -28.1 - -22.3) than packed lunches. 
· In secondary school the difference was smaller for median UPF %kcal (-11.1%, 95% CI -15.99 - -6.96) and median UPF% (-11.6%, 95% CI -21.03 - -6.51) in school meals compared to packed lunches.
· In primary schools, school meals had a lower proportion of energy derived from ultra-processed bread and snacks (13% kcal), compared to almost half of the energy intake in packed lunches. 
· school meals had a higher proportion of energy from minimally processed starchy foods, while also containing a higher proportion of energy from UPF categories like fast foods, puddings, desserts, and ready-to-eat foods.
· School meals were more likely to include minimally processed food (MPF) groups compared to packed lunches across both primary (aOR=0.1 955CI 0.1-0.2) and secondary schools (aOR=0.8, 95% CI 0.6-1.1)
· School meals were more likely than packed lunches to contain UPF puddings (aOR=2.5 95% CI 2.1-3.1), vegetables (aOR=7.1 95% CI 4.6-10.8), and fast foods (aOR=8.2, 95% CI 6.4-10.4). 
· UPF content although lower than packed lunches were still high. 
· Low-income children in secondary school consumed higher proportion of UPF in their school meals than children of higher socioeconomic status. This was not observed for primary school children. 

	Prynne et al., (2013)(129)
	School meal type
	· English study
· Secondary school children aged 14-15 years from 18 secondary schools
· 4-day food diaries (2 days at weekends and 2 school days) completed by the adolescents
· ANOVAs conducted to compare intakes of energy and nutrients between school meals and packed lunches. 
· Individual-level analysis
	Packed lunches and school meals did not meet recommended dietary guidelines. 
School meals contained greater starchy food such as pasta, rice and pizza (36.9g) vs packed lunches (9.2g). School meals contained greater meat content (30.6g) than packed lunches (21.5g) School lunches provided greater vegetables than packed lunches (22.3g vs 12.1g). 
School meals contained less fruit than packed lunches (16.6g vs 38.6g), confectionary (3.8g vs 6.6g), bread (2.9g vs 50.7g) and dairy products (12g vs 17.2g), sugary soft drinks (54.5g vs 85.2g) and savoury snacks (3.2g vs 6.6g). 
School-meals contained greater saturated fats than packed lunches across both genders.  
When stratified by gender, school meals provided more protein, folate and starch for boys (p<0.01). For girls, school meals provided more energy, carbohydrates, starch, carotene (p<0.05). 
For girls school meals made greater contribution to total daily intake of all nutrients except total sugars and calcium. For boys, school meals contributed greatly towards their protein intake. 
Energy and nutrient intake reflect food choices offered by school meals and packed lunches. 

	Ransley et al., (2013)(130)
	School Fruit and Vegetable Schemes
	· English study
· Primary school children eligible for the scheme
· Fruit and vegetable consumption measured at baseline (pre-interventions), 3 months of the intervention and at 7 months of the intervention being implemented. 
· Multi-level regression analysis
· School-level analysis
	· The scheme was associated with increased fruit intake across reception and year 1 pupils. At three month follow up these children consumed an additional 0.4 and 0.6 portions of fruit, respectively. 
· The scheme was associated with an increase vitamin C for reception and year 1 students.
· By seven months the increase fell to 0.2 portions for both reception and year 1 pupils. In year 2, when children were no longer eligible for the free fruit programme the impact was diminished entirely. 
· No impact observed for vegetable intake. 

	Rees (2008)(131)
	School food type
	· English study set in Cornwall, England
· Primary school children aged 6-11 years
· Portion sizes judged by catering staff and household measures. Additional nutritional information provided by food packaging
· Independent T-tests
· School-level analysis
	· Mean energy intake was similar between children consuming packed lunches and school meals (480kcal vs 440kcal). Both short of the government standard (530kcal).
· Children receiving school meals ate greater portions of vegetables (81% vs 8%), fish (13% vs 2%) and fruit juice (10% vs 0%) than children receiving packed lunches. 
· Packed lunches contained greater energy from sugar (22% vs 11%), fat (7.2g vs 5.3g) and contained greater sodium (834mg vs 542mg) than school meals. 
· School meals did not meet the government guideline for calcium intake for lunch. School meals provided less calcium and iron than packed lunches. 

	Spence et al., (2013)(132)
	School Food and Nutrient Standards
	· Assessment of 12 primary schools in the Northeast of England 
· Primary school-aged children (4-7 years) 
· Assessment of mean total daily intake of nutrition on four consecutive days (3 school days and 1 weekend day) using a prospective 24-hour food diary (data was recorded by parents, study nutritionist and trained observers) 
· Linear mixed effects models 
· School-level analysis
	· After implementation of food and nutrient-based standards for primary schools in England, there were reductions observed in the percentage of energy from fat from (39.5% to 28.3%), saturated fat (from 15.3% to 10%), non-milk extrinsic sugars (from 9.4% to 8.1%). However, % of energy from saturated fat and NMES remained above the dietary reference values at the time of the study. 
· Compared to packed lunches, school meals post standards implementation contained lower % of energy from non-milk extrinsic sugars, absolute intake of saturated fat and sodium, higher mean daily intakes of vitamin A and zinc. 

	Spence et al., (2014a)(133)
	School Fruit and Nutrient Standards
	· Compared dietary intake from 1999/2000 to 2009/2010 pre- and post- policy 
· Secondary school aged children (11-12 years)
· Measured using child-reported food diaries over two consecutive three-day periods. On the fourth day the child was interviewed by a researcher to clarify the information recorded and estimate portion size
· Linear mixed effects model
· IMD was used to determine socioeconomic status
· Individual-level analysis
	· There was a decrease in % of children eating school lunches between 1999-2000 (before standards) and 2009-§0 (after standards). Greatest decrease was seen in children from affluent backgrounds.
· Compared to pre-policy, school meals were healthier in their macronutrient content, containing lower % of energy from fat (29.9% reduction), saturated fat (21.9% reduction), sodium (2390mg reduction). 
· Compared to pre-policy, school meals post policy contained less iron. 
· In 2009-2010, post-policy, school meal eaters consumed lower % energy from fat (31.9 vs 32.1) compared to packed lunches. The opposite was true pre-policy.

	Spence et al., (2014b)(134) 
	School Fruit and Nutrient Standards
	· Study of pre and post introduction of the 2008 nutritional standards
· 24-hour food diaries as completed by the parents and a trained observer and study nutritionist for 4 days
· Repeat cross-sectional study in 12 English primary schools
· Primary aged children (4-7 years)
· IMD was used to determine socioeconomic status
· Linear mixed-effects model
· Individual level analysis 
	· After implementation of standards, non-milk extrinsic sugars intake was lower for all children across all socioeconomic groups. 
· Children in the most deprived group had greater increases in Vitamin C intake when consuming school meals. Vitamin C intake gap was observed between least and most deprived groups consuming packed lunches, school meals helped to minimise this gap. 
· Iron and zinc intake was greater among the least deprived groups than the most deprived groups.

	Spence et al., (2021)(135)
	UFSM 
	· Study of the and pre-(2008/2009) and post- implementation (2017/2019) of the UFSM 
· 24-hour food diaries as completed by the parents and a trained observer and study nutritionist for 4 days (three school days and one weekend)
· Repeat cross-sectional study in 2 English primary schools in Northeast England
· Primary aged children (4-7 years)
· Linear mixed effects regression 
· Individual-level analysis
	· Post-policy implementation of UFSM was associated with a decrease in pupil’s NME intake at lunch time (mean change -2.8% (95% CI -5.2 – - 2.7).   
· UFSM was associated with decrease in saturated fats intakes at lunch time and the total diet. Pupils in the more affluent school had higher mean intake of saturated fats than pupils in the more deprived school in lunch time and total diet.
· Vitamin C intake decreases between pre- and post-period true for total diet and lunchtime. There was no difference between schools. 
· The policy reduced sodium intake in both schools.
· In the more deprived school, calcium intake significantly increased by 120mg (95% CI -179 - -62) at lunch time. Change not reflected in total diet. School 2 had similar mean calcium intake before and after policy implementation. 
· The portion sizes for cakes/sweet puddings were greater in the affluent school compared with the more deprived school.
· In the affluent school mean fruit portions were decreased but were increased in the more deprived school. 
· The fruit intake remained similar in the more deprived school pre- and post-policy.
· No evidence of change for vegetable consumption at lunchtime in either school. 
· Mean % change in energy from carbohydrates decreased between pre- and post-UFSM period at lunchtime and in the total diet. 

	Taher et al., (2020)(136)
	School meal type 
	· Data from the NDNS (2008-2016) was used to examine children’s food consumption using 24-hour diaries over 4 days (3 school days and 1 weakened day) completed by the children themselves
· Interviewers also asked children about their lunch time food consumption
· Diet quality scores were calculated using the Diet Quality Index for Adolescents
· Secondary school aged children and sixth formers (11-18 years)
· Linear regression
· Individual-level analysis
	The proportion of secondary school children consuming school meals decreases with age. 
Overall mean diet quality score was low across all adolescents. 
School meals were associated with better overall diet quality (21.8%) than food purchased from shops and cafes (14.8%). 
In older adolescents (15-18 years), packed lunches were associated with higher diet quality scores than school meals (5.5% higher, 95% CI 2.7-8.4, p<0.01). 
In children aged 11-14 years, the diet quality scores for children bringing in packed lunches and those consuming school meals were similar. 

	
	Eating behaviours 

	Moore et al., (2014)(125)
	Breakfast clubs
	· More details of the study are mentioned in the sections above
·  Attitudes towards eating were measured by a 13-statement questionnaire completed by the students.
	· There was a significant interaction between intervention and deprivation which suggested a potential decrease in unhealthy breakfast items consumed among children from more deprived schools in the intervention group. But overall, there was no significant overall effect of intervention on the consumption of unhealthy breakfast items. 
· There was an interaction between intervention status and deprivation, suggesting a potential increase in fruit and vegetable consumption among children from deprived schools who received the breakfast intervention. 
· No association between intervention and fruit and vegetable intake was observed at the individual-level. 
· Breakfast skipping declined more in schools where there was a high level of deprivation.  

	Crawford et al., (2016)(113)
	Breakfast club
	· More details of the study are mentioned in the sections above
· Eating behaviour was measured by asking children if they “had eaten breakfast today?”
	· No significant change was observed between control schools and intervention schools when observing impact on breakfast eaten at all (91% in breakfast club vs 89% in control).

	Murphy et al., (2011)(126)
	Breakfast club
	·  More details about this study are mentioned in the sections above. 
· The analysis assessed the proportion of students consuming 2 breakfasts over 2 days to assess breakfast skipping
· School level weighted linear regression model

	· The breakfast club intervention did not have an immediate impact on breakfast skipping. 

	Gatenby et al., (2011)(118)
	School meal type
	· English study in Hull 
· Children aged 8-11 years old 
· 5-day food diaries reported by children completed by 20 students (10 receiving school meals and 10 packed lunches)
· Individual-level analysis
	· Children frequently left food such as vegetables and potatoes uneaten. 
· Children consumed significantly less than what was provided to them. 

	MacLardie et al., (2008)(55)
	UFSM
	· Scottish study trial of the UFSM for primary1-3 pupils (2007-2008 trial period)
· Qualitative fieldwork (mini focus groups) where researcher spoke to the teachers about lunch time food consumption and wastage
· Individual-level analysis
	· Teachers reported children being selective with their school meals and leaving healthier components including soups and vegetables untouched.

	Dearden et al., (2012)(62) 
	Pilot trial for UFSM and extended FSM
	· English pilot study (same pilot as Dearden et al.,2012)
· Qualitative results from a parent survey
· Individual level analysis
	· Parents reported that children requested healthier components that they had eaten at school within the home. 

	
	Physical activity

	Morgan et al., (2019)(121)
	Holiday clubs
	· More details about this study are mentioned in sections above. 
· Subset of children asked to wear an accelerometer for 7 consecutive days 
· T-test analysis
· Individual level analysis
	· Children engaged in more physical activity on club days than non-club days (median on club days 82 minutes vs median on non-club days 58.27 minutes, p<0.01).  
· On club days 71% of children met the recommendation of 60 minutes of moderate to vigorous physical activity, while only 48% achieved this recommendation on non-club days. On club-days children participated on an average 17 more minutes of moderate to vigorous physical activity than non-club days.

	
	Take-up rates 

	Graham et al., (2017)(137)
	Breakfast clubs
	· English study of Magic breakfast clubs that were set up in schools with high deprivation (primary and secondary)
· Take-up was recorded by schools at the first month after the club started at the end of the year 2015, end of the project and post contract 
· School-level analysis
	· Higher attendance was observed in primary schools (25%) than secondary schools (range 12-25%). 
· Pupil Referral Units had the highest attendance rates (around 60% attending breakfast clubs). 
· Most children attended breakfast clubs every day. 
· 42% of club attendees were FSM-eligible
· 96% of schools-maintained breakfast clubs after the programme’s free supported ended.

	Crawford et al., (2016)(113)
	Breakfast clubs
	· More details of the study are mentioned in the sections above
· Take-up was measured by headteacher surveys which asked them about the take-up pre and post breakfast club.
· School-level analysis

	· Children in the intervention arm (being offered breakfast club at school) were three times more likely to consume breakfast at school compared to those whose schools who were not offered the free breakfast clubs’ intervention (22% vs 7%).

	Holford and Rabe (2015)(112) 
	UFSM
	· More details of the study are mentioned in the sections above
· Take-up was measured before and after the introduction of the scheme. 
	· In FSM-eligible children, take-up rates increased from 83% to 87%. 
· In non-FSM eligible children, take-up rates increased from approximately 30% pre-policy to 85% post-policy. 

	Dearden et al., (2012)(138) 
	Pilot trial for UFSM and extended FSM
	· More details about this study are mentioned in sections above. 
· Take-up was recorded before the initiation of the pilot two years after the pilot. 
· Qualitative interviews with parents and children were conducted to discuss potential barriers to take-up
· Pilot area and individual-level analysis 
	· In universal entitlement areas A and B, take-up rates rose from 66% to 94%, and 56% to 89%, respectively. 
· Take-up remained at 92% in area A and 88% in area B after two-years of the pilots. 
· In area C (extended entitlement area), take-up rose from 72% at baseline to 75% after one-year and 73% after two years. This showed take-up maintenance potentially as a result of extended entitlement.
· For area C, school meal prices increase, long queuing and stigma in older children were discussed as potential barriers for take-up. 

	MacLardie et al., (2008)(55)
	UFSM
	· More details about this study are mentioned in sections above. 
· Take-up was measured in non-FSM and FSM-registered students before and after introduction of the trial 
· Take-up was compared by % comparison
	· Overall take-up across schools increased from 50 to 60% for P1-P3 pupils.
· Take-up increased the greatest for children previously non-eligible for FSM (41% to 69%). 
· Take-up increased for FSM-eligible children from 89.2% to 93.6%. 
· Take-up rates for older pupils (not taking part in the scheme) did not change, despite more children lining up for school meals because of the scheme.  
· Take-up varied by trial areas.

	Murphy et al., (2011)(126)
	Breakfast clubs 
	· [bookmark: _Hlk206076088]More details about this study are mentioned in sections above. 
· At 12 month follow up parents were asked their child’s frequency of attending the breakfast scheme
· Weighted linear regression models
	· At 12 month follow up 41% of parents reported that their children attended the scheme at least once a week and of these 30% reported attendance of 5 days per week. 
· Frequency of club attendance was associated with greater frequency of breakfast consumption, positive attitude towards consuming breakfast and healthy breakfast food items and negatively associated with the eating unhealthy food items at breakfast (p<0.05). 

	Parnham et al., (2022a)(10)
	UFSM
	· More details of the study are mentioned in the sections above
· Descriptive statistics provided to assess % of take-up in the pre- and post-UFSM periods.
	· The proportion of infant school children consuming school meals rose by 33% when UFSM was introduced. 
· UFSM only increased the rate of school meal uptake in FSM-eligible children by 2% (85% to 87%). 
· Greatest switch from packed lunches to school meals was observed for middle-income children (43%). Which was larger than the shift seen in the low-income group (26%). 

	Sellen et al., (2018)(60) 
	UFSM
	· English evaluation of the UFSM for infants
· Data from The National Pupil database was used to assess variation in recorded take-up
· School-level analysis
	· Increase in infant take-up was observed, for example the proportion of infants taking at least one school in the previous week rose from 35% (pre-policy) to 64% post-policy. 
· There was a shift from paid meals to free meals from 24% to 8% because of policy. 
· Take-up was higher for children claiming FSM compared to those not claiming their FSM. 
· Take-up rates did not vary greatly between year group, gender and deprivation level. 
· Take-up rates varied by ethnicity, Chinese students had highest (93.4%) and White pupils had the lowest (85.5%). 
· Take-up rates varied by region and were greater in North England and London than other parts of England. 
· No substantial change in key stage 2 pupils. 

	Spence et al., (2014a)(133) 
	School food standards
	· More details of the study are mentioned in the sections above
· Proportions of children consuming school lunch measured in the pre, and post school food standards were calculated overall and for each IMD quintile
· Linear regression model using maximum likelihood
	· There was a decrease in % of children eating school lunches between 1999-2000 (before new standards) and 2009-10 (after new standards). Greatest decrease was seen in children from affluent backgrounds.

	Spence et al., (2014b)(134)
	School food standards
	· More details of the study are mentioned in the sections above
· Logistic regression used to examine odds of taking up school lunch by year and deprivation level
	· Between 2003/04, and 2008/09 there was a decrease in % of children consuming school lunch across all deprivation groups. Odds ratio for consuming a school lunch in 08/09 vs 03/04 being 0.68 (95% CI 0.53-0.88). 

	Spence et al., (2021)(135)
	UFSM
	· More details of the study are mentioned in the sections above
· Proportions of take-up per school per period were calculated
	· The school in the more deprived ward had greater take-up rates of school meals compared to the school in the less deprived ward (92% vs 30%) prior to UFSM implementation.  Take-up rate rose to 96% for school 1 and 98% in school 2. 

	Holford (2015)(139)
	UFSM pilot
	· Scottish study of the impact of UFSM on take-up rates. 
· Children aged 4-7 years qualifying for the infant only scheme
· Take out rates reported before and after the scheme
· The study used data from The School Meal consensus
· Analysis restricted to schools with anonymised payment systems to isolate impact of peer behaviour.
	· Peer participation led to an increase in take-up of school meals for FSM-registered pupils, reducing non-participation by 29% to 35%. 
· Reduction in non-participation across FSM-registered pupils across the whole school by 3.3-4.6% 

	
	Child mental health and behaviour

	Crawford et a., (2016)(113)
	Breakfast clubs 
	· More details of the study are mentioned in the sections above
· ‘Teachers were asked “thinking about the first lesson your class had today, what percentage of children in your class do you think had a poor level of concentration?’ and ‘Please give the percentage of your class that are usually ready to learn at the start of the first lesson of the day’. The surveys were completed online. 

	· Teachers reported better pupil behaviour and concentration in classrooms after attending breakfast clubs. 
· Teachers-reported better pupil behaviour among those that did not attend the club, highlighting potential spillover effect, 
· Positive impacts were greater among younger (year 2) pupils than older (year 6) pupils.

	Defeyeter (2018)(115)
	Holiday clubs
	· More details of the study are mentioned in the sections above
· Child behaviour was parent-reported using the SDQ
· Quantitative analysis using paired sample t-tests (before and after club)
· Individual-level analysis
	· There was a statistically significant difference in children’s overall emotional problems scores between those who attended different holiday clubs. 
· Parents reported that children were happier, more confident and had improve behaviour as a result of the club. 

	Murphy (2011)(126)
	Breakfast clubs
	· More details of the study are mentioned in the sections above
· Teacher reported SDQ was used to measure hyperactivity/inattention in the classroom
· School-level weighted regression analysis
· School level analysis
	· There was no significant impact of the intervention on SDQ subscale hyperactivity and inattention when in school-level analysis.
· No other subscales assessed. 

	O’Connor et al., (2014)(127)
	Holiday clubs
	· More details of the study are mentioned in the sections above
· Qualitative interviews with parents and children were conducted
· Individual-level analysis
	· Parents found that the holiday-club provisions reduced financial stress and helped them to maintain a better bond with their children. Children attending clubs self-reported improvements in their self-esteem, friendship building and confidence. 

	Sellen et al., (2018)(60)
	UFSM
	· More details about the study are mentioned in the sections above.
· Behaviour was monitored by the surveys with school leaders and parents and stratified by those receiving and those not receiving FSM (based on eligibility) 
· Qualitative reports supplemented the findings from the survey
· School-level analysis 
	· No change in pupil behaviour was reported by school-leaders.
· Parents of children eligible for FSM reported improve behaviour.
· Schools with “family sitting” arrangements reported positive social interactions. 

	Yang et al., (2022)(51) 
	FSM
	· English study 
· National cross-sectional surveys 
· Children aged 7-17 years and their guardians
· Parent reported whether child was FSM-registered
· Children reported mental health symptoms (of stress and worry)
· Adjusted logistic regression and Chi square test)
· Individual-level analysis
	· FSM-eligible children experienced greater levels of mental health difficulties.
· Approximately 18% reported feeling stressed/worried every/most days while (82%) reported being stressed or worried some days or rarely. 
· Probability of child being worried/stressed everyday was 51% (95% CI 37-65%) among children who were FSM-eligible and food insecure. 
· Children who were not FSM-eligible but were food insecure, the probability of being worried/stressed everyday was 29% (95% CI 19-42%). 
· Only 9.7% of children (n=62) found FSM embarrassing, but a large proportion of data for this question were missing. 

	
	Food insecurity and hunger 

	Yang et al., (2022)(51)
	FSM
	· More details of the study are mentioned in the sections above. 
· HFI reported by children 
	· FSM-eligible children experienced greater levels of food insecurity (60%) compared to children who did not receive FSM (23%). 

	Long et al., (2018)(140)
	Holiday club 
	· UK-wide study
· HFI parent reported using a 6-item validated survey (experience of the past 12 months)
· Parents were asked about whether the access to the club improved food insecurity 
· Independent t-tests (food secure vs. food insecure)
· Individual-level analysis
	· Approximately 42% of children attending holiday clubs were food insecure, and a further 24% were food insecure with hunger.
· Parents reported that the club improved food insecurity (via access to food). 
· Holiday clubs disproportionately helped food insecure families than food secure 

	Graham et al., (2017)(137)
	Breakfast club 
	· More details of the study are mentioned in the sections above. 
· Qualitative study where breakfast club leads (mix of head teachers, school business managers, teaching assistants, special educational needs co-ordinators, teachers and one parent) were interviewed 
	· Schools reported that the breakfast clubs had a positive impact on child hunger prior to school.

	Morgan et al., (2019)(121)
	Holiday clubs
	· More details of the study are mentioned in the sections above. 
· Parent/child surveys were used to determine food availability and HFI
· Descriptive statistics provided
	· 53% of parents reported that food lasted longer at home during the time the holiday club was operating and 36% of parents reported having to skip fewer meals than they would usually during the holiday months when the club was operating. 
· In this study 20% of children reported that they did not have enough to eat at home due to running out of food, and 28% reported feeling hungry at home. 36% of parents reported that children ate unhealthy food when the club was not open, and 11% reported that their child did not eat enough food when the club was not open. 20% of parents reported that they skipped meals so their child could eat.

	Defeyeter et al., (2018)(115)
	Holiday club
	· Study details are mentioned in the sections above
· Qualitative interviews with parents and staff members at the club

	· Parents reported that club provision reduced food insecurity. 
· Parents were less likely to skip meals
· Three staff members reported that parents had confided in them about HFI. 

	
	Cost-effectiveness and costings

	Crawford et al., (2016)(113)
	Breakfast club
	· More details about this study are mentioned in sections above. 
· Magic breakfast provided information on regular retail price of each item used to estimate the cost for the breakfast club 
	· Average cost of the breakfast club per year per pupil over three years was £11.66 (ongoing and fixed direct costs, did not include staff time). Assumed fixed costs based on one year of intervention, projected to three. 
· Variability in costs per school was observed, if a new club was set up then they would incur greater start-up costs, compared to schools where there were pre-existing clubs.


	Holford (2015)(139)
	UFSM pilot
	· More details about this study are mentioned in sections above. 
· Cost predicted by permanent adoption of the scheme
	· Reducing the price charged to all unregistered pupils by £1.10 would achieve the same reduction in non-participation as the universal programme. 
· Price dictated success in non-registered FSM take up

	Long et al., (2018)(140)
	Holiday clubs
	· More details about this study are mentioned in sections above. 
· Holiday clubs were cost-saving for food insecure households. Savings were not quantified
	· Parent reported spending less on food during the holidays when the clubs were active.
· The clubs helped reduce food costs for both food insecure and secure families, with food insecure families benefitting more.  

	MacLardie et al., (2008)(55)
	UFSM
	· More details about this study are mentioned in sections above. 
· Costs included direct results of the trial including for food, staffing, equipment and marketing/publicity. 
· Costs were provided by local authorities
	· Cost per additional meal on the scheme varied depending on location. Costs were greater in areas that experienced greater uptake. 
· Costs were lower in areas where a larger total number of additional meals were served.

	Morgan et al., (2019)(121)
	Holiday club
	· More details about the study are mentioned in the sections above.
· Parent surveys were conducted to describe financial circumstances at home 
· Descriptive statistics provided
	· 55% of parents reported that the club provided childcare they would not have been able to afford otherwise and 70% reported that the club relieved financial pressure during the summer holidays. 
· The average cost of providing the programme was £30.17 per child per day compared to a standard holiday childcare without food or enrichment activities valued at £25 per day, suggesting the club is good value for money. 
· Authors suggested that if the programme were scaled up more widely, the cost per child could likely decrease due to economies of scale. 
· Does not provide a formal cost-effectiveness analysis 

	O’Connor et al., (2014)(127)
	Holiday club
	· More details about the study are mentioned in the sections above.
· Qualitative interviews with parents and children were conducted
· Individual-level analysis
	· Parents found the club to be cost saving.

	Sellen et al., (2018)(60)
	UFSM
	· More details about the study are mentioned in the sections above.
· Costs that were calculated were for government costs (ongoing cost of food delivery and initial investment), net school financial impact (additional food production, staff costs), the total of these is the net public cost burden, economic costs (ingredients for food production, transfer cost from a non-FSM eligible child to one now receiving FSM through the scheme)
· In the economic analysis costs were discounted at the 3.5% rate 
· Financial and time-savings were calculated via survey from parents, distribution and average were provided 
	· Parents reported average weekly savings of £11.50 per child (range 50p to £25) from not having to provide packed lunches
· Report estimates financial savings for families to amount to £404 million in 2014/2015, reaching £590 million in 2023/2024.
· Net economic benefit of £887 million over 10-year financial period (costs incurred and estimated consumer benefits), based on providing meal at a fixed-rate of £2.30 per child (which is likely to change). 
· The net benefit attributed to economies of scale of food production and financial savings for families. 
· Timesaving for families (median weekly time 50 minutes) classes as a non-financial benefit

	Abbreviations: aOR: adjusted odds ratio, CI: confidence interval, FSM: free school meals, NMES: non-milk extrinsic sugars, OR: odds ratio, SE: standard error; SDQ: strengths and difficulties questionnaire, UPF: ultra processed food.
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3.4.2.1 Child weight status
UFSM 
A study found that UFSM was associated with a reduction in obesity prevalence between 7-11% in children aged 4-5 years old after one-year of programme implementation. The majority of this reduction was observed in schools within the mid-range level of socioeconomic deprivation (measured by FSM-eligibility quintiles). Among children newly taking up FSM as a direct result of the UFSM scheme, the policy was associated with a reduction of 158g and 182g for median height boy and girls, respectively(112). 

UFSM and Extended Entitlement FSM Pilot – England
The evaluation of a UFSM and extended-entitlement FSM pilot which took place between 2009 to 2011, did not find significant changes in BMI or obesity levels for either programme over the course of the trial(62). 

Breakfast clubs
A study found no impact of the Magic Breakfast intervention on BMI z-scores after a year of intervention implementation. While BMI z-scores were higher in the intervention arm, authors did not conclude that this was a result of the breakfast club(113). 

3.4.2.2 Diet quality
Breakfast clubs 
Four studies found that breakfast clubs were associated with the consumption of healthy food items, such as bread, dairy products, fruit and non-sugar-coated cereals(113,122,125,126). One study found that there was no significant difference between nutrient intake when comparing breakfast consumed at home and at the club. Moreover, the study found that children consuming breakfast at home and at school consumed more nutrients, suggesting that larger portion sizes produced greater nutritional benefit. The study also acknowledged that eating two breakfasts did not increase daily energy intake. In this study FSM-registered students had lower nutrient profiles, which suggested that they may benefit most from the programme(122).  All studies reported school-level impact rather than individual impact. 

School meal type 
School meals were found to be of greater nutritional quality compared to packed lunches. Studies found that school meals were associated with greater consumption of vegetables, protein and fibre at lunch(116,120,128,129). For example, across a four-day study periods, children consumed 15.3g more vegetables at lunchtime than those consuming packed lunches(120). Conversely, packed lunches were more likely to contain higher amounts of sugar-sweetened beverages, savoury snacks and sweet snacks(116,120,128,129). For example, one study found that school meals contained 54.5g of sugary soft drinks compared to packed lunches that contained 85.2g(129). School meals were associated with less fruit and dairy consumption and were typically lower in salt and saturated fat than packed lunches(116,118,129,131). However, across both meal-types sugar and salt intake were higher than the recommended dietary guidelines(116,118).

School meals contained less ultra-processed foods (UPFs) compared to packed lunches across both primary and secondary schools, however the difference was smaller among secondary school students. A high proportion of energy from UPF categories in school meals came from puddings and desserts, and low-income secondary children consumed more UPFs from school meals than children of higher socioeconomic status(128).	

Nutrient profiles also varied by school, with children of less affluent schools consuming less energy, salt and sugar than those attending more affluent schools(118). Other factors that determined nutrient profiles included gender and child age, with secondary-aged children having less favourable nutrient profiles(128,129,136). Additionally, older children aged 15-18 were less likely to consume school meals, and school meals consumed by this age group were of lower diet quality than packed lunches(136). 

School food and nutrient standards
Five studies compared pre- and post-policy impacts of the school food and nutrient standards policy on dietary quality of school meals(119,124,132–134). School meals post-policy was associated with less fat, sodium, saturated fat, non-milk extrinsic sugars and daily energy intake. Two studies found that sugar non-milk extrinsic sugars (NMEs) intake was lower across all socioeconomic groups post-policy(124,134). One found that children in the most deprived group had significantly greater increases in Vitamin C intake when consuming school meals post policy(134). 

UFSM
Two studies compared diet quality as an impact of the UFSM policy by comparing child diet quality pre- and post-UFSM policy. Studies showed that after the UFSM was implemented, children consumed total and lunch time diets lower in saturated fats, sodium, non-milk extrinsic sugars (NMES) and total fat(10,135). UFSM was associated with a decreased consumption of crisps and wholemeal products, which are typically present in packed lunches. One study comparing the impact of UFSM on child diet quality in a school in an affluent area to a school in a more deprived area. The study found that children who attended the school in the more deprived area consumed greater calcium within their diet at lunch time, compared to children attending school in the more affluent area, for whom calcium intake remained the same pre- and post-policy (135). There was a decrease in vitamin C consumption and sodium intake across both schools during lunch time and within the total diet. Across both school’s fruit and vegetable consumption remained the same during lunch time. The positive effects of the policy observed for diet quality were greater among children of more deprived background(10).

UFSM and extended-FSM pilot - England
Schools in pilot trial areas adopting a UFSM policy for primary school children found that the policy was associated with a 20% increase in the proportion of pupils consuming vegetables and a similar decrease in the consumption of crisps during lunch time was also observed. However, the extended FSM pilot had no impact on dietary intake(62). 

School Fruit and Vegetable Scheme
The SFVS was associated with an increase in fruit consumption, however once children were too old to access this free infant scheme, their fruit intake fell to that observed at baseline and lower(117,130). No impact on vegetable consumption was observed in either study. 

Holiday clubs
Food provision at holiday clubs demonstrated positive impacts on child diet quality, with all studies reporting that holiday clubs increased child consumption of fruit and vegetables (114,115,123,127). For example, on club days, children were more likely to meet the dietary recommendations for carbohydrates (71.9% vs 49.1% on non-club days), fat (70.2% vs 21.1%), and saturated fats (70.2% vs 38.6%)(114). Additionally, protein intake was significantly higher on club days, with 91.2% of children meeting the school food standards for protein compared to 50.9% on non-club days(114,123). Clubs were associated with a reduced consumption of unhealthy food items, including fast-foods, sweet and savoury snacks, sugary drinks (115,121). Two studies found that the impact of the clubs on diet varied between clubs and child gender(115,123). 

3.4.2.3 Eating Behaviours

Breakfast clubs
The Primary School Free Breakfast initiative in Wales found no immediate improvement in breakfast skipping, but did observe a decline in breakfast at 12-month follow up, which was greater in schools with high levels of deprivation(125,126). Authors did not conclude whether the effects were causal and did not study intervention impact on eating behaviours at the individual-level(125). No evidence of breakfast skipping was observed in the Magic breakfast intervention(113). 

School meal type
Children who consumed school meals left large proportions of their meals, selectively leaving vegetable and potatoes, and were more likely to consume snacks high in fat, sodium and sugar throughout the day(118). 

UFSM pilot - Scotland
A study of UFSM a pilot trial in Scottish infants P1-P3 found that children selectively left healthier components of their meals(55).

UFSM and extended FSM pilot trials - England
Parents found that the pilots exposed their children to food they would not have normally consumed at home, and children began requesting eating healthier foods that they had eaten at school as a result of the pilot, at home(52). Parents of children from ethnic minorities found that their children requested more “European” foods at home after being exposed to them at school(52). 

3.4.2.4 Physical activity
Holiday clubs
One study and found that children were more likely to engage in physical activity, including moderate-to-vigorous activity on club-days than non-club days(121). 

3.4.2.5 Policy take-up 
Breakfast clubs 
One study investigating the impact of implementing breakfast clubs in schools with high-levels of deprivation (FSM-eligibility as the marker), found that take-up rates varied between school type. Take-up was higher among primary schools (25%) and Pupil Referral Units (PRUs) (60%) than secondary schools (12-25%)(137). 

A study evaluating the Primary School Free Breakfast initiative in Wales found that after a year of policy implementation, 41% of children attended the scheme at least once a week. In this study a greater frequency of club attendance was associated with greater frequency of breakfast consumption and healthy food items(126). 

UFSM
Following implementation of UFSM, the take-up rate of school meals in previously FSM- eligible children rose by 3-5%(112). The greatest rise in take-up rates was observed among non-FSM eligible children (approximately 30% to +60%), with greatest take-up increases among middle-income children (by 43%)(10). One study found that the overall proportion of children consuming school meals rose by 33% after the introduction of the policy(10). Another study found that there was a shift from paid meals to free meals, and that take-up was higher among children claiming their FSM compared to those that did not claim. Take-up also varied by child age, gender, deprivation, geographical location and ethnicity(60). Schools in deprived areas had greater take-up(60,135).

UFSM and extended FSM pilot trials- England
An English pilot study of the UFSM in primary school pupils found that take-up rates of school meals rose from 66% to 94% in area A and from 56% to 89% in Area B after one years of the pilot. Take-up remained high in area A (92%) and B (88%) two-years following the pilot was implemented. The take-up rate for children in years 7-9 in the extended FSM pilot area (area C) rose from 72% at baseline to 75% after one year and 73% after two years of programme implementation(62).  A qualitative study of the pilots found that common barriers to take-up of school meals prior to the pilots were limited school food choices, affordability and stigma. After 2 years of the pilot, parents and pupils cited limited food choice, quality of school meals, lack of control over portion sizes, long canteen queues, and the seating arrangement, which saw children separated from their peers who consumed packed lunches, as barriers to take-up(52,62). 

UFSM pilot trials - Scotland
In a Scottish pilot study of UFSM in infant primary school children, take-up rates of school meals increased by 10%, and more greatly among children who were previously not FSM-eligible (28%) compared to those who were previously FSM-eligible (4.4%). The study found that take-up varied by trial areas(55). 

FSM
A qualitative study found that children cited school meal choices as barriers to take up of FSM, while parents perceived that the stigma associated with receiving FSM acted as a potential barrier(141).

School food and nutrient standards
Two studies reported a steady decline in the percentage of children eating school meals before the school food standards were introduced, and after the standards were introduced, take-up declined across all socioeconomic groups. Greatest declines were observed in children from affluent backgrounds(132,133). 

3.4.2.6 Mental health and behaviour 
Breakfast clubs 
Teachers reported better behaviour in the classroom in children who did attend breakfast clubs than those who did not, particularly among younger children(113). While, one study did not find an impact of intervention on hyperactivity and inattention in a school-level analysis(126). 

Free school meals
In a survey conducted during the COVID-19 pandemic, FSM-eligible appeared to experience greater levels of mental health difficulties than non-FSM eligible children. Children who were FSM-eligible and food insecure reported greater everyday worry and stress. Ten percent of children in the sample found their FSM-eligibility status embarrassing, and a large proportion of data were missing for this question(51). 

UFSM
A study found a positive impact on behaviour that was reported by parents of previously FSM-eligible children, including enhanced social interactions and family meal participation(60). 

UFSM and extended FSM pilot trials - England
Parents of children in the pilot areas A and B reported a positive impact on child behaviour in terms of obedience compared the comparison areas for these pilot trials. In the extended entitlement area, parents reported that children were more restless, overactive and could not stay still for long, when compared to a comparison area for pilot area C. Mixed staff reviews were found for children’s behaviour in the classroom(52). 

Holiday clubs
In one study attending the clubs appeared to have an impact on children’s emotional scores as reported by parents using the strengths and difficulties questionnaire (SDQ). However, the direction of effect was unclear as an effect size/ coefficient was not provided, only a p-value was provided. However, parents and children reported increases in children’s happiness, confidence, behaviour and self-esteem which gave some indication that the effect was positive(115). 

3.4.2.7 Food insecurity and deprivation 
Breakfast clubs 
A study found that children reported feeling less hungry throughout the implementation of the breakfast club. Teachers reported that many pupils would not have eaten breakfast if the intervention was not put in place(137). 

FSM 
A study found that FSM-eligible children experienced greater levels of food insecurity compared to non-FSM-eligible children (60% vs 23%) during a survey taken in early 2021 during the COVID-19 pandemic(51). 

UFSM and extended FSM pilot trials - England
Staff believed that the UFSM pilot improved access of meals to children who would otherwise not receive a hot meal in the day(52). 

Holiday club
Three studies reported on holiday clubs and food insecurity using mixed-method study designs. One study found that 42% of children attending clubs came from food insecure households, and of those 24% were food insecure with hunger(140). While one study found that 20% of children reported not having sufficient food at home and 28% reported feeling hungry at home(121). Parents reported that the clubs enabled them make food last longer at home and skip fewer meals to feed their children (115,121).

3.4.2.8 Cost-effectiveness and cost impact 

Breakfast clubs 
In a study evaluating the Magic Breakfast initiative in schools located in disadvantaged areas of England (marked by at least 35% FSM-eligible children), the annual cost per pupil enrolled in the school for attending the club over 3 years was £11.86, averaged across all pupils enrolled in the breakfast club(113). The figure was based on the costs incurred during the first year of the intervention (catering facilities and furniture), and ongoing costs included spending on staff time, food and drinks Authors also emphasised that the cost was an average and if take-up increased so would the cost per pupil. Variability between schools was observed, with greater costs incurred by schools who did not previously have breakfast clubs.  

UFSM 
One study found that the UFSM scheme in infant children saved parent’s cost (average weekly savings £11.50 per child) and time (median weekly 50 minutes). The report estimated that financial savings were £404 million in 2014/2015, projected to reach £950 million in 2023/2024. The net economic benefit of £887 million over a ten-year period was estimated, which was based on providing meals at a fixed rate. The economic benefit considered costs of policy implementation and food production, and financial savings to families(60).

UFSM pilot – Scotland
A study reported that families of primary-aged children who were previously not eligible for FSM were able to decrease expenditure on food after UFSM implementations(139). Another study evaluating a UFSM pilot in primary-school children found that the costs incurred by the scheme varied depending on location, where costs were greater in areas of high take-up(55).  

UFSM and extended FSM pilot trials - England
A qualitative evaluation of the English UFSM pilot found that trial was cost-saving particularly for low-income households who had more than one child(52). Parents reported ease of financial stress associated with purchasing packed lunches and said they had increased resources for food and other activities as a result of the pilot. The pilot was associated with timesaving’s to parents, particularly for parents who were working and it also reduced pressures to cook their child a hot meal after work. 

Holiday clubs
Three studies found that food provisions during holiday clubs were cost-saving for households, including food insecure households(121,127,140). In one study authors found that the average cost of providing the programme was £30.17, which they stated was assumed to be good value for money when considering the cost of childcare during the school holidays(121). In two studies, parents reported that the holiday clubs relieved them of financial pressures(121,127). 

3.5 [bookmark: _Toc206700602]Discussion 
The review identified studies examining the effect of UK school-based feeding interventions and holiday clubs on the improvement of HFI (including child hunger) and several HFI-related child health outcomes including child diet quality, obesity/overweight, eating behaviour, physical activity and child behaviour(62,112,113,121,125,135). Studies also found a positive impact of universal food provisions on school meal take-up, cost and time-savings for parents, particularly those from low-incomes families(60,62,139). One study found that FSM eligibility was associated with poor child mental health and food insecurity(51).

School-based feeding interventions (FSM, UFSM, breakfast clubs and SFVS) and holiday clubs had the potential to improve child diet quality(10,113,117,121,135). Children receiving school food were more likely to consume vegetables, protein and fibre, and less likely to consume salt, saturated fats and UPFs, compared to those consuming packed lunches and eating at home(10,135). The nutritional quality of school meals has important implications for the effectiveness of school-based feeding intervention on child diet which is particularly important for food insecure children who may have nutrient deficiencies and for whom a school meal may be their only balanced meal of the day(50). Studies found that children left healthier meal components uneaten, which meant that they were not receiving the full nutritional benefit of the meal(10,118). This suggests that child eating behaviour might be an outcome and determining factor of intervention effectiveness where the outcome is improvement in diet quality. While the quality of school meals was better than that of packed lunches, it was still suboptimal compared to what is recommended by dietary guidelines and school food standards(129). A US-based study found that improving school food quality had positive implications for children’s health trajectories(142). In this review, UFSM was associated with modest improvements in child weight, which is important given the high obesity rates in food insecure populations(112). Improving school food quality may lead to larger improvements in child weight, making it a particularly important factor to consider when expanding policies (e.g. UFSM) that aim to enhance school meal take-up. The review also found that considering children’s food preferences when improving school menu choices may enhance take-up of FSM so that their full nutritional benefits can be maximised(141).

The UFSM policy and UFSM pilot improved take-up of school meals across children who were previously FSM-eligible and non-FSM eligible(10,55,139). The increase was attributed to peer-effects, which were hypothesised to have reduced the stigma associated with receiving FSM(139). For parents the stigma of applying for FSM and unawareness of FSM-eligibility were major barriers to take-up which were removed upon universal policy expansion(52,141). Take-up was greatest among children who were previously not FSM-eligible, which suggested that the UFSM policy may be beneficial in improving health outcomes associated with receiving school meals for children whose households do not meet the eligibility criteria for FSM but may still be food insecure and/whose parents experience in-work poverty(112). 

A study found that secondary school children were less likely to take-up free school meals as a result of the extended-entitlement FSM pilot, which may possibly be due to older child experiencing stigma associated with both FSM and HFI(143). Older children also have greater autonomy over their diets and may have developed specific eating behaviours in response to HFI(136). It is possible that secondary school children, and/or those who are food insecure but do not meet the current eligibility criteria for FSM, may benefit from UFSM policies that could remove stigma and improve child health in food insecure adolescent populations. Take-up rates also varied by the social determinants of health including child ethnicity, gender and deprivation level, and should be considered by future models as factors influencing intervention effectiveness(60). 

Few studies suggested that UFSM, breakfast and holiday clubs were associated with improved child behaviour and social interactions(60,113,127). HFI is associated with child behavioural difficulties, which may impact learning in the classroom and future health and employment outcomes in adulthood(108). It is possible that school-based feeding interventions make a substantial improvement to child behaviour within food insecure populations, however there were no studies that examined impacts in food insecure populations. 

Studies found that holiday clubs and UFSM were cost and timesaving for parents, and holiday clubs alleviated both child hunger and parent meal skipping within the school holidays(55,60,121). The financial pressures associated with providing meals during the school holiday in the presence of economic hardship can have poor implications for parent mental health. The previous chapter identified an indirect association between HFI on child internalising/externalising behaviour and mental health symptoms, mediated by parent mental health(108). If school-based feeding interventions relieve financial pressure and improve parent mental health, they may improve child health via improvements to parent mental health. 

3.5.1 [bookmark: _Toc206700603]Evidence gaps and justification for health economics modelling 
One study evaluated the impact of FSM on child mental health and studies on behaviour were also limited. Under-identification of mental health difficulties in children and adolescents is a public health challenge in itself and data collection may be particularly difficult in hard-to-reach food insecure populations(144).

The impact of holiday clubs on HFI related child health outcomes should be interpreted with caution. 
It may not be possible to extract the impact of the food provisions offered by the holiday clubs on child health and/or HFI, from the wider aspects of the clubs. For example, holiday clubs were associated with improved physical activity in children, which is more likely to be an impact of the extracurricular activities offered by the club than the provision of food. Moreover, food insecure families found the clubs to be cost saving and found that their child’s attendance at the club relieved them of financial pressure during the school holiday. It is possible that part of this effect was due to parents not having to pay for childcare fees during holidays (115). 

One challenge for the modelling will be isolating the impacts of school-based feeding interventions from each other, as many are rolled out simulatenously and among wider policy initiatives. For example, a few months after the UFSM policy was rolled out in 2014, the School Food Standards were revised. This overlap makes it challenging to disentangle whether any potential observed effect, such as dietary improvements or reductions in childhood obesity, are driven by increased meal take-up (due to UFSM), enhanced meal quality (due to the revised standards), or the combined effects of both. Furthermore, the study of UFSM on child bodyweight outcomes found that the impact on child bodyweight was influenced by the exposure of UFSM, the longer the exposure to the scheme the better the outcomes. A public health modelling approach will be useful for dealing with these challenges as they allow the modeller to view the research problem as a complex system, accounting for time-varying effects(69). 

In the studies evaluating intervention impact on child diet, diet quality measures were based on food diaries, which were subject to recall bias and only provided evidence of short-term intervention impact(145). This leaves an evidence gap for the long-term health and cost implications of the school-based feeding interventions on child diet. Additionally, of the studies investigating cost-effectiveness, none factored the short or long-term health impacts of these interventions. Nor did studies reporting on interventions cost implications account for health-related costs occurring in childhood or adulthood as a result of intervention.  

While only one study measured HFI in this review, the review of the evidence suggests that school-based feeding interventions may improve several HFI-related child health outcomes(51). The evidence gaps and results in this review provide a strong basis for using a complex public health economics modelling approach to evaluate school-based feeding interventions for their impacts on HFI-related child health. A public health economics model will be able to predict intervention short and long-term health and cost implications and evaluate school-based feeding interventions as potential public health interventions. Public health economics modelling will be able to take a systems approach to account for the many consequences of school-based feeding interventions in relation to child health as well as parent outcomes, that were identified in this review. The approach will also allow modellers to account for the fact that school-based feeding interventions co-exist amongst other health improvement initiatives when considering intervention health impacts(69,74). Additionally, a decision modelling approach will be able to analyse the impact of intervention effectiveness under different scenarios. For example, extending universal provisions to secondary school children. Finally, intervention effectiveness was influenced by child age, ethnicity, gender and socioeconomic status. Thus, a health economics microsimulation model using a public health approach, which accounts for population heterogeneity, may be appropriately adopted for evaluating school-based feeding interventions(70).  

3.6 [bookmark: _Toc206700604]Conclusion and implications for the thesis 
The provision of food in the school setting as part of an intervention or policy initiative has the potential to improve HFI and many HFI-related health outcomes including child diet quality, behaviour, weight and eating behaviours. Interventions may be cost and timesaving for parents and universal provisions appear to enhance take-up of school food, which is reported to be of better diet quality than packed lunches. These results suggest that school food interventions may play a role in reducing the health inequalities associated with HFI. Several evidence gaps were identified including a lack of studies reporting intervention’s long term health impacts and health-related costs and impacts on child mental health. Studies reported a mix of school-level and individual-level impacts of intervention impacts on health and individual sociodemographic characteristics influenced intervention effectiveness. 

The review justifies the need to develop a public health economics model of HFI and child health that can be used to evaluate school-based feeding interventions for their impacts on HFI-related child health outcomes. The results of this chapter contribute towards Phase C of the conceptual modelling framework (section 1.5.4), which aims to develop a comprehensive understanding of the research problem within this thesis. The chapter highlights additional outcomes that may be important for evaluating the effectiveness of school-based feeding interventions and will be used to add intervention impacts to the preliminary conceptual model presented in chapter 2 (Figure 8) during the development of the final problem-based model, which is described in the next chapter. The review in this chapter also contributes to Phase D of the conceptual modelling framework to inform the development of the design-based conceptual model in Chapter 5.  





4. [bookmark: _Toc206700605]Developing a problem-based conceptual model of HFI and child health outcomes 
4.1 [bookmark: _Toc206700606]Background 
Conceptual modelling is an early stage of the health economics model development process and is considered an essential step in producing a valid and credible model structure. The conceptual modelling process allows the modeller to view a complex research problem as a large interconnected system comprised of feedback loops, interactions between model components and the social determinants of health and dynamicity. Conceptual modelling is particularly useful for developing model structures that will be used to evaluate complex public health interventions(74). 
The foundations of conceptual modelling were first introduced in section 1.5.4, which described published guidance for developing the structure of public health economics models(88). This chapter follows phase C of this published guidance to develop problem-based conceptual models that can be used to inform the structure of a public health economics model of HFI and child health outcomes, that will be used to evaluate the health impacts of school-based feeding interventions. The conceptual modelling process in this chapter focused on developing and documenting an understanding of the research problem and translated this understanding into illustrative diagrams called problem-based conceptual models. The work from the previous chapters of this thesis contributed towards this process. In the previous chapters of the thesis, the research problem was clearly defined (the association of HFI and detrimental child health outcomes). A literature review was conducted to understand how HFI was associated with poor child health outcomes (Chapter 2) and a preliminary conceptual model was produced which illustrated the findings of this review (Figure 8). A second literature review was conducted to summarise how school-based feeding intervention may potentially mitigate HFI-related child health impacts (Chapter 3). This current chapter aimed to consolidate the findings from both of these reviews and consult with experts to further develop the understanding of the problem. Expert opinion was considered a critical element of the conceptual modelling process, to fill evidence gaps identified by the reviews and to ensure that the outcomes and pathways included in the problem-based conceptual models were clinically correct and contextually relevant(86,88). In the case where gaps in knowledge remained after consulting with stakeholders, these were addressed by a pragmatic review of the literature. 
The purpose of the problem-based conceptual modelling process in this chapter, was to describe and illustrate all relevant components of the research problem and the relationships between them within a model boundary that aligned to the decision-making context presented in this thesis(69,88). This chapter presents the development of two problem-based conceptual models, (i) a static-problem-based conceptual model and a (ii) dynamic problem-based conceptual model. The purpose of the static problem-based conceptual model was to provide a high-level overview of the research problem of HFI and child health with anticipated school-based feeding intervention impacts. The purpose of the dynamic problem-based conceptual model was to illustrate the relationships between HFI and child health for which there was evidence of patterns and trends across time (informed by studies of longitudinal data). Anticipated impacts of school-based feeding interventions on modifiable model components were added to both of these models to illustrate how they may improve HFI-related child health outcomes. The development of the problem-based conceptual models presented in this chapter were not driven solely by the empirical evidence and data availability, as this would have limited the understanding of the research problem. 
4.2 [bookmark: _Toc206700607]Aims and Objectives 
The aim of this chapter was to produce a problem-based conceptual model of HFI and child health outcomes as part of the first phase of developing a health economics model. The aim of this chapter was met with the following objectives:

1. Consolidation of the findings of the rapid reviews in chapters two and three. 
2. Using consolidated findings to structure and deliver a stakeholder workshop to gather expert opinion on relevant components of the conceptual model and use feedback from this workshop to make changes to the conceptual model.
3. Conduct a pragmatic review of the literature to support hypothesised mechanisms and relationships between components in the model that were not identified by the rapid review’s findings or stakeholder opinion. 
4. Present final-versions of the problem-oriented conceptual models including static and dynamic models. 

4.3 [bookmark: _Toc206700608]Methods
In this chapter, the process taken to develop the problem-based conceptual models (both static and dynamic) is illustrated in Figure 10. In the figure, the orange rectangles with soft edges show the evidence (and which chapter) that was used to inform each of the objectives (represented by green rectangles). The figure shows that the objectives were completed sequentially (represented by the arrows). The blue ovals represent the model iterations and how they were developed, as informed by each of the objectives, starting with the preliminary foundation conceptual model presented in Figure 8, which was evidenced by the review in Chapter 2. In this figure, the final dynamic problem-based conceptual model was developed following objectives 1 and 2, this is where elements of model iteration 3 that accounted for time-variation were extracted. Model iteration 3 was also further developed by the addition of new information from the completion of objective 3 (the pragmatic review) to develop the final static problem-based conceptual model. Finally, objective 4 represented the completion and presentation of the static and dynamic problem-based conceptual models (the purple oval). Details of the methods used to complete each objective of this chapter are described below.
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[bookmark: _Ref206342959][bookmark: _Toc206702336]Figure 10: Steps taken to develop the final problem-based conceptual models

[bookmark: _Toc206700609]4.3.1 Objective 1: Consolidating literature review findings from Chapters Two and Three 
The review in Chapter 2 summarised quantitative studies investigating the mechanisms by which HFI was associated with child health outcomes and provided an updated account of child health outcomes associated with HFI. Within Chapter 2 a preliminary problem-based conceptual model of HFI and child health outcomes (Figure 8) was produced using the review results. 

The findings from the review in Chapter 3 summarised the effectiveness of key school-based feeding interventions in the UK for their impact on HFI, HFI-related child health outcomes, take-up rates, and cost and timesaving’s to parents. The results of the review identified the anticipated impact of the pre-existing components within the preliminary conceptual model and identified additional outcomes that would be relevant to the model. The results from Chapter 2 and 3 were consolidated and a second iteration of the conceptual model was produced (see Appendix C8).

The reviews in Chapters 2 and 3 identified several evidence gaps in the literature. The review in Chapter 2 found a lack of UK-based evidence supporting the quantitative associations between HFI and child health outcomes and mixed evidence supporting the relationship between HFI and fruit and vegetable consumption and HFI and child obesity/overweight(105,107,146). The review in Chapter 3 found few quantitative studies that investigated intervention impacts on child mental health and behavioural outcomes, no studies reported long-term intervention impacts (>2 years). Additionally, no cost-effectiveness evaluations were identified which estimated the impact of interventions on child health and cost outcomes. 

The evidence gaps created a strong basis for organising and planning a stakeholder workshop to identify outcomes and pathways within a problem-based conceptual model for HFI and child health outcomes that would be relevant for improving child health within the context of HFI and for policymakers evaluating school-based feeding interventions.

[bookmark: _4.3.2_Objective_2:][bookmark: _Toc190966718][bookmark: _Toc206700610]4.3.2 Objective 2: Stakeholder engagement
4.3.2.1 Ethical approval 
Ethical approval was granted on 2nd March 2022 by the University Research Ethics Committee (REC) (reference 0044755). All data including workshop recordings, minutes of the meeting and any notes were stored in the University of Sheffield secure drive. Stakeholders were provided with information sheets and consent forms, detailing what was expected of them and how their data would be managed. The ethics agreement contained the data management plan for this workshop. Ethics was approved for hosting the stakeholder workshop online via a secure platform. The ethics agreement also highlighted that the stakeholders would be reimbursed for their time in the session. The ethics application and agreement are presented in Appendix C1 and C2, respectively.  

4.3.2.2 Stakeholder selection
Stakeholder selection was conducted in September 2022 guided by the literature, consultation with supervisors and attending conferences to identify and familiarise with key public health actors involved in the improvement of child health and/or HFI. Guidance for stakeholder identification for health economics model development was consulted and the following stakeholder groups were considered: (i) consumers of interventions, which in this case were children, their parents and school teachers, (ii) actors in the system such as academics, clinical experts and epidemiologists who are experts in the policy and methods area, and (iii) system owners that have the capacity to make meaningful change in public health activity, e.g. policymaker(86,88). Other stakeholders that were identified were those involved in the wider food insecurity landscape, such as charities which lead campaigns to raise awareness of HFI. It was important to select stakeholders with a vested interest in the project area, those that had the resources to commit to being part of the project and the skills and/or experience to contribute towards meaningful discussions about the modelling(147). 

A list of individuals was compiled which included members from Sustain, children or adult campaign workers from BiteBack30, Food For life, Food Foundation, Sheffield City Council, and academic experts involved in the health and wellbeing programme in the Yorkshire and Humber region. These individuals were identified through conference networking events, my previous volunteer work at a Sheffield Healthy Eating workshop (2023), and through supervisor contacts.

4.3.2.3 Stakeholder recruitment
A timeline of the stakeholder recruitment process is presented in Figure 11. Original invitations were sent to nine candidates (excluding supervisors) in late 2022 for a workshop planned in January 2023. Due to the low response rate, the stakeholder workshop was rescheduled for September 2023. 

Further stakeholders were identified from conferencing events and stakeholder invitations were resent between May and July 2023 for a workshop in September 2023, inviting thirteen individuals (not including the supervisory group). Five individuals responded and stated they could attend the workshop, one individual declined due to unavailability. All other invitees did not respond. Following reminders, the response rate did not change. Potential dates and times were offered to individuals that responded and expressed an interest in the workshop via a doodle poll. Three individuals were not available on the dates and times offered and it was not suitable timewise to rearrange the meeting for a third time. The final stakeholder group included myself, my supervisors Dr Penny Breeze who provided health economics modelling expertise (PB), Dr Hannah Lambie-Mumford who provided policy expertise (HLM), the campaign manager for Children’s Food campaign from Sustain (BC), an academic expert in nutrition and behaviour from the University of Sheffield (LD) and a health improvement principal officer from Sheffield City Council (JW).  
[image: A diagram of a flowchart
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[bookmark: _Ref190722048][bookmark: _Toc206702337]Figure 12: Timeline of the stakeholder workshop recruitment process
4.3.2.4 Stakeholder workshop planning 
The planning process of the stakeholder workshop involved preparing materials that would be interactive, engaging and help stakeholders to address the evidence gap/uncertainties in the literature highlighted in the review in Chapters 2 and 3, and guide them to provide their own opinions and thoughts on the research problem. 

Clear and transparent communication with stakeholders is considered a critical element of the conceptual modelling process (88,91,148). The guidance for public health conceptual modelling was used to develop the discussion points within the workshop sessions(88). Additional recommendations from the literature were also sought when organising the workshop structure, and a collaborative whole group session with stakeholders was considered an appropriate method of engagement due to the small sample size of the stakeholder group(149,150). I was the facilitator of the workshop and guided session discussions with question prompts. I moderated the conversations to return to the workshop's original aims and objectives so as not to lose focus on its purpose. The PowerPoint slides for the workshop are presented in the Appendix C5. 

The decision to host the stakeholder session online using Google Meets was to ease the issue of logistics, as not all members of the stakeholder group were available locally to Sheffield. Using an online platform was thought to increase accessibility for stakeholders, save time travelling to a centralised location, help to connect stakeholders who otherwise would not have met and allow stakeholder to feel more comfortable during the session as they are in a familiar space when attending the workshop(151). However, drawbacks to an online meeting may have included unfamiliarity with teleconferencing software, internet connection issues, difficulty “breaking the ice” and “reading the room”(152). 

A week prior to the workshop, I provided all stakeholders with a pre-reading pack which detailed the aims and objectives of the PhD and of the workshop session (see Appendix C6). The material also contained the results from Chapters 2 and 3, the preliminary problem-based conceptual model (Figure 8) and an introduction to conceptual modelling and health economics.  A set of questions per workshop theme guided by the evidence gaps from the review, were also included. Also supplied was the workshop agenda, information sheets and consent forms which are presented in the Appendix C3 and C4.

[bookmark: _4.3.2.5_Stakeholder_workshop]4.3.2.5 Stakeholder workshop structure 
The workshop structure is presented in Table 4 and spans sevens themes (1) introductions, (2) pathways, (3) interventions and (4) outcomes, (5) resource use, (6) model population and subgroups, and (7) discussion of an example design-based conceptual model. This workshop was used to develop both the problem-based conceptual models in this chapter and the design-based conceptual model in Chapter 5. Themes 1-5 were reflected upon in this Chapter and Chapter 5, however themes 6 and 7 were only discussed in Chapter 5 and are not discussed here. 

In theme 1, stakeholders introduced themselves and their motivations for attending the workshop. In theme 2, stakeholders were asked to express their opinions on model pathways within the preliminary problem-based conceptual model (Figure 8), which pathways they considered the priority and if there were additional pathways to add to the model. In theme 3, stakeholders were presented with the review findings of the reviews in Chapters 2 and 3 and asked to identify any additional outcomes, pathways and interventions that may have been missed by these reviews. Within theme 3 stakeholders also recommended which interventions they did not consider part of the study scope and which they considered the key interventions. In theme 4, stakeholders were asked to review the model outcomes in the preliminary problem-based conceptual model and consider outcomes that were irrelevant and could be removed. In theme 5, stakeholders were asked to briefly discuss resource use pathways. 

The feedback from the stakeholder workshop was reflected upon and consolidated with the review findings in Chapters 2 and 3. This led to further adaptations and a third iteration of the problem-based conceptual model (see Appendix C9).  
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	Session 
	Session name
	Session objectives
	Supporting evidence (by facilitator)
	Main session questions
	Secondary questions

	1
	Welcome and introduction
	· Introduce the PhD aims and objectives.
· Introduce workshop objectives and agenda.
· Participants introduce themselves. 

	· Introduction to HFI
· Introduction to HFI implications, e.g. poor child health using news headlines. 
· Description of what is the problem.
· Description of why it is a problem. 
	· Who are you and what organisation do you represent?
· Why have you chosen to attend today?
· What are the key things about this topic that matters most to you?
	-

	2
	Prioritisation of pathways within the conceptual map
	· Identify key pathways in the conceptual model 
· Identify any additional pathways that can be added.
· Provides indication for model boundary and detail (Chapter 5) 
	· Presentation of the preliminary conceptual model based on review (chapter two) findings.
· Highlighting the key pathways from the review were nutritional (diet) and non-nutritional (child mental health). 
	· What are the most important pathways that should be included in the model and why? 
· Are there additional pathways between components that are missing? 

	· What are the strengths and limitations of including some pathways and not others?


	3
	Identification of interventions to be evaluated 
	· Identify key interventions.
· Identify any interventions that could be removed
· Identify where in the pathway these interventions have impact.
· Provides indication for model boundary and detail (Chapter 5)

	· Presentation of key school-based feeding interventions in the UK as identified by the review (chapter three) 
· Describe results of the key findings from the review (e.g. which interventions impact which child health outcomes e.g. diet quality and the evidence for this)
	· What do you think are the key interventions from the list presented to you?
· Which policies are delivered locally to you and how are they delivered? 
· What is the impact of expanding certain political (political and health impacts discussed)
· Through which mechanisms/pathways in the model do the interventions play a role?
	· What changes would you make to interventions/policies that are currently being delivered and why? 
· Are there any international concepts that can be modelled?
· What would happen in the absence of these interventions? (e.g. would there be increasing visits to food banks by both children eligible and ineligible for policies such as FSM?)

	4
	Identification of health outcomes to be evaluated
	· Identify any additional outcomes not included by the consolidation of reviews
· Identify outcomes that should be removed. 
· Provides indication for model boundary and detail (Chapter 5) 
	· Introduction to decision modelling and economic evaluation
· Introduction of potential outcomes in health economics: costs, quality of life, health. 
· Highlight equity considerations.
· The outcomes from the review and the preliminary conceptual models presented.  
	· Which of the outcomes presented in the conceptual model are of greatest significance to you and policymakers?
· Which short-term or long-term outcomes are of interest to you?
	· Who is funding the intervention? 
· Who are the policy makers and what is most important to them? 
· Are policy makers interested in short or long-term outcomes?

	5
	Resource use pathways
	· Discuss which perspective the model should adopt
· Discuss which time horizon the model should adopt
· Provides indication for model detail (Chapter 5) 
· Provides indication for data requirements (Chapter 5)
	· Introduction of two perspectives common in economic evaluation: (i) healthcare for standard HTA and (ii) societal which is recommended by NICE for public health intervention evaluation. 
	· Which perspective is appropriate given the purpose of the model and research question? 
· Whose costs and which costs would you consider? 
· 
	· Are policymakers interested in short or long-term outcomes? 
· What data is available that can inform resource use pathways? 

	6
	Discussion of model 
population and subgroups
	· Identify model target population
· Provides indication for model type (Chapter 5)
	· Examples of subgroups were provided to stakeholders (e.g. FSM-eligible children, food insecure FSM-eligible children, ethnic minority groups, different child age groups, geographical locations, socioeconomic status)
	· Can you think of how specific subgroups can be modelled and which subgroups should be modelled? 
· 
	· Would policymakers be interested in capturing equity in the model? 
· What would be the impact on model outcomes if equity was not considered when evaluating intervention effectiveness? 

	7
	Discussion of an example design-based conceptual model structure
	· To encourage discussion of feasible model structures, outcomes and pathways (Chapter 5)
	· Presentation of an example model structure encompassing HFI, child diet and weight status
	· Are food and nutrient recommendations appropriate for measuring diet intake in children?
· Is BMI a reliable outcome and should weight status be a model outcome?
· Which model components would you add or remove? 
	· What outcomes and relationships are of greatest interest to policymakers evaluating school-based feeding interventions for their impacts on health? 


[bookmark: _Ref190725926][bookmark: _Toc206702253]Table 4: Stakeholder workshop structure

[bookmark: _Toc206700611]4.3.3 Objective 3: Pragmatic reviews of the wider literature 
After consolidating the results from Chapters 2 and 3 and conducting the stakeholder workshop, a series of evidence gaps still remained that were considered critical in understanding the research problem. For example, the review in Chapter 2 identified that diet and mental health were key mechanistic pathways for explaining the relationship between HFI and child health, however there were few studies exploring the merging of these pathways and how diet and mental health-related outcomes were related to each other (e.g. child diet quality, obesity and mental health), within the context of HFI. The review in Chapter 2 also found that parent mental health mediated the relationship between HFI and child/adolescent mental health and behaviour, however it did not report on the impact of parent psychological distress on parenting practices or feeding styles that could impact the relationship between HFI and child health(62,140). The impact of parenting stress in the presence of economic hardship and its subsequent impact on parenting quality and child problems (health and development) is conceptualised by The Family Stress Model theoretical framework(153). The role of HFI-related parent mental health on feeding practices may have consequences for child diet quality and eating behaviour, particularly in younger children who have less autonomy of their diets(154). 

To fill these evidence gaps seven pragmatic reviews were conducted to identify relevant quantitative studies reporting on the hypothesised relationships between the following set of model components: 
1. Diet quality and mental health and behaviour
2. Diet quality and health-related quality of life, happiness and well-being
3. Eating behaviour and mental health and quality of life
4. Overweight/obesity and mental health/child behaviour
5. Overweight/obesity and eating behaviours
6. Parent mental health and parent feeding practices 
7. Parent feeding practices and child eating behaviours and diet quality

Pragmatic reviews were conducted instead of systematic reviews as conducting seven systematic reviews would have been overly time intensive, extensive and complex, especially considering that the model would be ultimately simplified(86). Searches were conducted using PubMed and Google Scholar, with keywords searched in the title and abstracts (see Appendix C7). The search was conducted in October 2024. To maintain relevance to the context of the research problem, only English-language studies of Western HICs were included. To align with the search strategy in Chapter 2, searches conducted within the past fifteen years were included (2009-2024). There was a preference for including systematic reviews however in the absence of identifying a suitable review, cross-sectional studies, narrative reviews and cohort studies using quantitative methods were included. 

[bookmark: _Toc206700612]4.3.4 Objective 4: Presentation and interpretation of the final problem-based conceptual models
The preliminary conceptual model presented in Figure 8 was adapted in objectives 1-3, and the final static problem-based conceptual model was produced considering results from the literature reviews Chapters 2 and 3, stakeholder expert opinion, and results from the pragmatic reviews. Model adjustments were made sequentially following each objective outlined in the methods.

In the static problem-based conceptual model, the red ovals represented child/adolescent health outcomes, while the purple ovals represented granular outcomes of these child/adolescent health outcomes. E.g. total diet quality and intake was a child/adolescent health outcome (red oval), and fruit/veg consumption was the granular component (purple oval). The yellow oval represented HFI, and yellow rectangle at the bottom of the figure represented common underlying risk factors of HFI (and child health outcomes/intervention impact). The light blue oval represented parent mental health, encompassing stress, depression and anxiety. In objective 1 after the consolidation of review results, additional outcomes were represented by dark blue ovals and interventions represented by dark blue rectangles. In objective 2 when stakeholder feedback was added to the model this resulted in the addition of low-priority outcomes which were represented by light grey ovals and additional priority outcomes were represented by dark grey ovals.  In objective 3, when the pragmatic review results were added to the model this resulted in additional pathways, and outcomes (represented in dark purple ovals).  

The dynamic problem-based conceptual model was developed from the results of Chapter 2 which found that poor parent mental health and HFI in childhood were associated with poor behaviour and mental health in adolescence. Key intervention impact as identified in Chapter 3 were also added to the model components within the dynamic model. Stakeholder expert opinion led to final adaptations to this model. This model does not illustrate the results of the pragmatic reviews and was solely based on objective 1-2. In the dynamic problem-based conceptual model the same colour coding is used to represent the child, parent health outcomes, HFI and school-based feeding interventions impacts as is illustrated in the static problem-based conceptual model. 

In both models, the green arrows represent odds ratio >1, while the red arrows represent an odds ratio <1. The dashed black line represents associations where the evidence is mixed/uncertain. Bidirectional arrows show bidirectional relationships (red: positive bidirectional relationship, green: negative bidirectional relationships). Grey arrows represent the impact of underlying risk factors on HFI and on the school-based feeding interventions. Diagrams were produced in diagrams.net. 
4.4 [bookmark: _Toc206700613]Results
4.4.1 [bookmark: _Toc206700614]Presentation of the final static problem-based conceptual model
The final static conceptual model is presented in Figure 12. The final model encompasses the results of Chapter 2 and 3 (objective 1), stakeholder expert opinion (objective 2) and the results of a further pragmatic review (objective 3). The review in Chapter 2 provided evidence on which child health outcomes were associated with HFI, the mechanisms by which they were related, and the key sociodemographic determinants of HFI. The results of the review in Chapter 2 were illustrated in Figure 8 (the first iteration of the model), which provided the foundation for developing the static problem-based conceptual model in this chapter. The review in Chapter 3 provided evidence on the cost-effectiveness and effectiveness of UK school-based feeding interventions and identified additional model components such as take-up and school food choice which determined intervention effectiveness. The results of this review were consolidated with the review results from Chapter 2 (objective 1) to add anticipated intervention impacts to the foundational model which created a second iteration of the model (Appendix C8). Discussions of the stakeholder workshop resulted in the adaptation of the latest model to produce a third iteration of the model (Appendix C9). Finally, a pragmatic review was conducted to fill remaining evidence gaps that were considered important to providing a complete picture of the research problem, leading to the identification of further pathways between existing model components and additional relevant outcomes. The results from the pragmatic review were added to the fourth and final iteration of the model producing the final static problem-based conceptual model (Figure 12). The results section for each objective will describe how model components, and the relationships between them were decided to produce the final static-problem-based conceptual model. 


4.4.2 [bookmark: _Toc206700615]Presentation of the final dynamic problem-based conceptual model
The dynamic problem-based conceptual model is presented in Figure 13 and is a product of the consolidation of the results from the literature reviews in Chapters 2 and 3 (objective 1) and the stakeholder workshop (objective 2). The foundation for this model was also Figure 8, and the aim of this dynamic conceptual model was to illustrate only the results of longitudinal studies identified in Chapter 2 that studied the impact of HFI on child health across time. The results from Chapter 2 found an indirect relationship between HFI (reported when the child was aged 5 years) and adolescent behaviour and mental health (when the child was 15 years), mediated by parent mental which was recorded when the child was aged 9 years (103,109).  Adolescent behaviour, adolescent mental health and parent mental health were the key health outcomes included in the model. No other model components (that are presented in the static model) were presented in the dynamic problem-based conceptual model as the majority of model outcomes (and their relationship with HFI) were based on cross-sectional study data and did not include a time element that estimated impact of HFI across childhood. Thus, wider outcomes were included. Key school-based feeding interventions, as decided by the stakeholders, and their impacts on parent and child health outcomes summarised in Chapter 3, were included in the model.
  

[image: A diagram of a diagram
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[bookmark: _Ref190949652][bookmark: _Toc206702338]Figure 13: Final static problem-based conceptual model

[image: Diagram of a diagram of a child's life
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[bookmark: _Ref190722486][bookmark: _Toc206702339]Figure 14: Final dynamic problem-based conceptual model
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[bookmark: _Toc206700616]4.4.3 Objective 1: Consolidation of review findings from Chapters 2 and 3 
The review findings from Chapters 2 and 3 were consolidated and the preliminary conceptual model presented in Figure 8 was adapted to produce a second iteration of the problem-based conceptual model, presented in Appendix C8. 

4.4.3.1 Interventions
Key Interventions identified by the review in Chapter 3 included: Universal Free School Meals (UFSM), Free School Meals (FSM), breakfast clubs, fruit and vegetable schemes and holiday clubs were added to the model. School food standards influenced the quality of the school meals, which subsequently impacted the effectiveness of the school-based feeding interventions but were considered policies/guidelines within their own right, so both school food standard and school meals were also added to the model.

4.4.3.2 Outcomes
The review in Chapter 3 identified that cost-savings to parents, stigma around free school meals and HFI, school food take-up and school food choice were influential factors when measuring intervention effectiveness, thus they were added to the model as outcomes of the interventions.

4.4.3.3 Pathways
Pathways between interventions and existing child health outcomes and additional outcomes (take-up and cost-saving) were added to the model to illustrate intervention impacts. Table 5 summarises the pathways that were added between interventions and outcomes in the model which were first described in Chapter 3. Pathways were added to illustrate the impact of school-based feeding interventions on improvement of HFI. Positive pathways were added between all interventions and child diet quality(10,113,114,117). Pathways were also added to illustrate the positive impact of school food standards and school meals on child diet quality(128,133). Eating behaviour, such as breakfast skipping and completing meals were associated with poor diet quality (e.g. children who ate more of their meal consumed more nutrients), therefore a pathway was added between the two(122). School food standards have implications for school meals and a pathway was added to illustrate this(133). Additionally, school meals and school food have implications for the school food choices available, which was recognised as a barrier to take-up(141). Improved take-up enhances the odds of consuming school meals, and a pathway was added to show this. 

Negative pathways were added between breakfast clubs, holiday clubs, UFSM and HFI (showing positive impact of these intervention on improving HFI) (52,121,137). Holiday clubs were associated with improvements to HFI, cost-savings to parents, child behaviour and physical activity(115,121).Breakfast clubs had positive implications for child behaviour, school food take-up, eating behaviour and HFI(122,155). FSM was associated with stigma, which acted as a barrier to take-up and stigma is hypothesised to exacerbate poor mental health(139,141). A direct pathway between FSM and HFI was added as one study reported that HFI was more prevalent in FSM-eligible children(51). UFSM were associated with improvements in HFI, child weight, parent cost and time savings, school food take-up, behaviour, eating behaviour, and a reduction in stigma and these pathways were added to the model(52,60,156). Stigma was reported as a barrier to school food take-up, and a pathway was added to illustrate this relationship. Cost-saving to parents as a result of intervention were hypothesised to improve HFI and parental stress associated with financial pressure (52,115). 

4.4.3.4 Wider determinants and risk factors
Chapter 1 introduced the underlying risk factors which acted as determinants of HFI in families with children(2). Chapter 2 identified that these risk factors were commonly included as covariates in quantitative analyses examining the relationship between HFI and child health outcomes. The risk factors included child age child gender, ethnicity, low household income, maternal characteristics, household size and employment status(101,107,157). Chapter 3 found that intervention effectiveness (e.g. enhanced take-up and diet quality) was also determined by these factors(60). While these risk factors had an impact on individual child health outcomes in the model, arrows were not included to represent this to avoid overcomplicating the model and its purpose to provide an overview of HFI and child health. 

	Interventions
	Positive pathways to outcomes
	Negative pathways to outcomes

	FSM
	HFI, Diet quality, stigma, poor mental health
	Take-up, HFI

	UFSM
	BMI/overweight/obesity, take-up, timesaving, cost-saving, diet quality, eating behaviour, behaviour, school food choices
	Stigma, HFI

	Breakfast clubs
	Take-up, child behaviour, diet quality, eating behaviour, behaviour
	HFI, 

	Holiday clubs
	Cost-savings, diet quality, physical activity, child behaviour 
	HFI

	School Fruit and Vegetable Scheme
	Diet quality
	

	School food standards
	Diet quality, school meals
	School food choices

	School meals 
	Diet quality, eating behaviours
	School food choices

	Outcomes 

	Stigma
	Poor mental health
	Take-up

	Cost-saving to parents
	
	Poor parent mental health, HFI

	Eating behaviour
	Diet quality
	

	School food choices
	
	Take up


[bookmark: _Ref190722715][bookmark: _Ref190722686][bookmark: _Toc206702254]Table 5: Adaptations made to the preliminary problem-based conceptual model after consolidating results of Chapters 2 and 3
[bookmark: _Toc206700617]4.4.4 Objective 2: Stakeholder Expert Opinion
The previous model (developed by consolidating the reviews in Chapters 2 and 3) was adapted to include stakeholder feedback and a third iteration of the model was produced, which is presented in Appendix C9. This iteration of the model was also the final step of producing the dynamic problem-based conceptual model. 

4.4.4.1 Intervention
Stakeholders agreed that UFSM, FSM and fruit and vegetable schemes would be key interventions for evaluation, as they increased children’s exposure to different food choices, improved diet quality and eating behaviour, and impacted other non-nutritional pathways. Holiday clubs and breakfast clubs were removed as they were considered childcare provisions rather than feeding provisions and varied regarding their modes of delivery (as discussed in Chapter 3). 

4.4.4.2 Outcomes 
Stakeholders highlighted that diet and diet-related outcomes, child behaviour, mental health and oral health would be of most interest to policymakers evaluating school-based feeding interventions for their improvements in child health. 

Stakeholders suggested that diet diversity should be added to the model as it was a hypothesised consequences of exposure to greater school food choices. Stakeholder feedback led to the removal of anaemia, physical activity and hospitalisations as they were considered outside of the study scope. Stakeholders suggested that these outcomes may be related to poor housing or lack of green space, which are conditions that exist alongside HFI. It would have been challenging to extract the impact of HFI on these child health outcomes, and the impact that school-based feeding interventions would have on them. Stakeholders concluded that parent mental health should be included within the scope, due to its relationship with HFI and child behaviour and mental health, which was reported in Chapter 2(103,108,109). Stakeholders highlighted that an unintended consequence of providing school food could mean that food insecure children might not receive food at home, as parents may perceive they have already consumed a balanced meal and allocate food resources to other members of the family (e.g. siblings that do not receive the school food). This resulted in the addition of food at home as an outcome to the model.  

Stakeholders debated about the inclusion of school attendance and educational outcomes due to their close relationship with child behaviour and post-school trajectory (e.g. employment prospects). However, as stakeholders did not come to an agreement about the inclusion of these outcomes they were added to the model as low-priority outcomes.  Stakeholders recommended the addition of parent’s loss of workplace productivity to be added as a product of HFI. Workplace productivity was included due to the loss of work time and money parents may experience due to child school absences as a result of HFI-related poor health.

4.4.4.3 Pathways
Stakeholders decided that the diet, mental health and child behaviour pathways were critical for evaluating school-based feeding intervention for their impact on HFI and related health outcomes. Stakeholders highlighted that a pathway between diet quality and overweight/obesity should be added to the model, due to a wealth of literature explaining the implications of poor diet on child weight status. Stakeholders agreed that FSM and UFSM would increase exposure of children to different school food choices, improving their diet diversity, eating behaviour and diet quality. Pathways between school food choices and diet diversity, school food choices and eating behaviour, school food choices and diet quality, and diet diversity and diet quality were added. A pathway between food at home and diet quality, and food at home and HFI was also added.  A pathway between the school-based feeding interventions and workplace productivity was added as the stakeholders suggested these interventions may mitigate the harmful impact of HFI on child health, resulting in parents having less days off from work to look after their children when they are sick. 

4.4.4.4 Resource use
Stakeholders briefly discussed resource use pathways and stated that the model should consider direct healthcare costs to the child (cost to NHS), and non-health related costs (e.g. loss of productivity and cost-savings) to parents. Other costs such as policy implementation and maintenance costs associated with the intervention would be considered after the development of the design-based conceptual model. 

[bookmark: _Toc206700618]4.4.5 Objective 3: Pragmatic reviews of the wider literature
The previous model (developed by consolidating the reviews in Chapters 2 and 3 and the stakeholder workshop feedback) was adapted to include the results of the pragmatic review of the wider literature. This model was the fourth and final iteration of the static problem-based conceptual model in this chapter (presented in Figure 13). 
4.4.5.1 Description of included studies 
Twelve studies were identified across the six themes of the pragmatic reviews investigating diet quality and mental health and behaviour (n=3), investigating diet quality eating behaviour and quality of life (n=1), investigating parent mental health and parent feeding practices (n=1), investigating child eating behaviours and obesity (n=1), investigating parent feeding practices and child behaviour (n=1), investigating obesity and child mental health and behaviour (n=4). Study characteristics and key findings are presented in Table 6.

4.4.5.2 Outcomes
Parent feeding practices were included in the model (158–160). 

4.4.5.3 Pathways
The consumption of unhealthy foods including fast-food, processed foods, and sugary drinks were associated with increased odds of depression, anxiety, stress and unhappiness in children. While, nutrient dense foods, such as fruit and vegetables, were associated with better mental health(161–163). Additionally, poor diet quality, including nutrient deficiencies were also associated with behavioural difficulties and disorders, such as attention-deficit hyperactivity disorder (e.g.) and lower quality of life(163,164).  Additionally, poor eating behaviour such as breakfast skipping was associated with poorer quality of life and poor mental health(164,165). Pathways between diet quality and mental health, diet quality and quality of life, diet quality and child behaviour, eating behaviour and quality of life, and eating behaviour and poor mental health were added to the model. 

Obesity/overweight was associated with poor mental health in a bidirectional relationship so a pathway was added between obesity/overweight and poor mental health(158,162,165–168). Aspects of poor mental health that overweight/obesity was related to were weight stigma, body dissatisfaction, depression and low-self-esteem, which had complicated relationships with each other. Children who were living with obesity were more likely to have disordered eating styles, such as binge eating, eating past satiation or restrictive eating, which may be bidirectional therefore a pathway between obesity/overweight and eating behaviour was added(159). Children who were living with obesity were more likely to exhibit behavioural difficulties and a pathway was included between obesity/overweight and behaviour(169).

Food insecure parents had greater odds of having poor mental health and were more likely to engage in poor feeding practices(159,160). Poor parent feeding practices had negative implications for child eating behaviour, child diet quality and subsequently increased the risk of child obesity(159). Pathways between, parent mental health and parent feeding practices, parent feeding practices and child eating behaviour were added to the model. A pathway was added between parent feeding practices and food at home which aligned with the stakeholder’s feedback also. 

The final static problem-based conceptual model( Figure 12) was developed after consolidating review results from Chapters 2 and 3, stakeholder expert opinion and pragmatic review, and the final dynamic problem-based conceptual model (Figure 13) was developed after the consolidation of review results in Chapters 2 and 3 and stakeholder feedback. 


	Author (Year)
	Study Design
	Population age (years)
	Outcome studied
	Key findings
	Pathways/ elements added to model

	Hoare et al., (2014)(162) 
	Systematic Review
	10-19 
	Obesogenic risk factors and depression
	· Poor diet quality, overweight, sedentary behaviour, screen time, lack of physical activity associated with depression.
	Diet quality to poor mental health (Depression)
Diet quality to overweight/obesity
Overweight/obesity to poor mental health (Depression) 

	Kokka, Mourikis and Bacapoulou (2023)(166)
	Systematic Review
	<19
	Mental health disorders and obesity1 
	· Obesity associated with greater odds of depression. 
· Obesity associated with greater odds of suicide ideation.
· Mixed evidence for association between anxiety and obesity. 
	Overweight/Obesity to poor mental health


	Kansra, Lakkunarajah and Jay (2021)(165)
	Narrative review
	<18
	Eating habits, poor self esteem 
	· Body dissatisfaction and poor self-esteem associated with poor eating habits can impact weight status in bidirectional relationships.
	Poor mental health to poor eating behaviour
Poor eating behaviour to weight status (vice versa)

	O’Neil et al., (2014)(163)
	Systematic Review
	<18
	Diet quality and mental health (internalising disorders)
	· Unhealthy diet patterns associated with poorer mental health (depression low mood and anxiety)
· Nutrient-dense food associated with better mental health 
· Nutrient deficiencies associated with mental health disorders, e.g. ADHD and poor behavioural symptoms (internalising and externalising). 
	Diet quality to poor mental health
Diet quality to behaviour

	Wu et al., (2019)(164)
	Systematic Review and Meta-Analysis
	<18
	Diet quality and diet behaviour and HrQoL
	· A dose-response relationship between diet and HrQoL. 
· Poor diet quality associated with decrease quality of life (physical, school and psychosocial well-being).
· Children who skipped breakfast from a young age had increased risk of having poor HrQoL in later life. 
	Diet quality to quality of life 
Eating behaviour to quality of life


	Malmir et al., (2023)(161)
	Systematic Review and Meta-Analysis
	<18
	Diet quality and mental health symptoms, and unhappiness 
	· Junk food consumption associated with greater odds of depression, stress, anxiety sleep and unhappiness in children and adolescents 
	Diet quality – poor mental health

	Berge et al., (2023)(160)
	Cross-sectional
	5-7
	Parent stress and depression and feeding styles within context of HFI 
	· Parent stress and depression associated with restrictive feeding practices, serving less homemade meals and pressure-to-eat feeding practices in food insecure households. 
	Parent mental health to parent feeding practices


	Arlinguas and Laska (2021)(159)
	Narrative review
	<18
	Parent feeding styles within the context of HFI 
	· Parent pressure to eat associated with overeating, emotional eating and poor food choices in children.
· Restrictive feeding practices associated with emotional overeating. 
· Overeating can be associated with development of obesity risk. 
· Parent stress and depression impact parents’ ability to cook
· HFI can impact parent’s ability to provide diet diversity 
	Parent feeding practices to child eating behaviour 
Child eating behaviour to obesity 

	Creese et al., (2023)(167)
	Cohort study
	11-17
	BMI, dieting, bulling, self-esteem and body dissatisfaction
	· Satisfaction of appearance and self-esteem appeared to mediate the relationship between BMI and mental health
	Overweight/obesity to poor mental health

	Griffits et al., (2011)(169)
	Cross-sectional
	5
	Obesity and child internalising and externalising behaviours
	· Childhood obesity associated with conduct problems, hyperactivity, inattention, peer-problems and total difficulties in boys. 
· Obesity associated with peer-problems among girls. 
	Obesity to child behavioural difficulties

	Tiffin et al., (2011)(168)
	Cross-sectional
	5-16
	Obesity and child internalising and externalising behaviours
	· Children living with obesity were more likely to exhibit atypical emotional symptoms than children not living with obesity.
	Obesity to child mental health

	Warnick et al., (2022)(158)
	Systematic Review and Meta-analysis
	<18 
	Weight stigma and mental health
	· Children living with obesity were more likely to experience weight stigma and poor mental health

	Obesity to child mental health

	Abbreviations ADHD: attention deficit hyperactivity disorder, BMI: body mass index, HFI: household food insecurity, HRQoL: health-related quality of life. 


[bookmark: _Ref190726216][bookmark: _Toc206702255]Table 6: Key characteristics and results of included studies from the pragmatic reviews of hypothesised causal relationships 


[bookmark: _Toc206700619]4.5 Discussion
This chapter presented static and dynamic problem-based conceptual models for the purposes of developing a public health economics model structure of HFI and child health that could be used to evaluate key UK-based school-based feeding interventions in the UK. The conceptual modelling process involved developing a comprehensive understanding of the research problem, illustrated by the conceptual models and informed by the literature reviews in Chapters 2 and 3, a pragmatic review and stakeholder expert opinion. 

The static problem-based conceptual model presented a high-level overview of the research problem. The model illustrated relationships between HFI and several diet and mental health-related child health outcomes, parent mental health, parent feeding practices, and factors influencing effectiveness of the key school-based feeding interventions (FSM, UFSM, SFVS) such as stigma and take-up. In the model HFI appeared to be related to child health outcomes via two major pathways: nutritional and non-nutritional (mental health) which were first introduced in Chapter 2. A pragmatic review of the wider literature provided insight into how these pathways may be interrelated and characterised by feedback loops. For example, HFI was associated with poor child eating behaviours and poor diet quality, both of which were associated with child overweight/obesity, child behavioural problems and poor mental health(163,166,170). The evidence suggested that children who experience overweight/obesity had greater odds of having poor mental health, and partaking in poor eating habits, possibly as a coping mechanism(165). This demonstrates a feedback loop between child mental health and diet quality/eating behaviours, which is suggestive of a complex interrelated relationship between the nutritional and non-nutritional pathways. Furthermore, a UK-based study identified in Chapter 2 evaluating the relationship between HFI and patterns of child weight status, found that there may be an interaction between HFI and ethnicity(34). This interaction adds a further layer of complexity to these pathways and the research problem as a whole. 

The dynamic problem-based conceptual model focussed on illustrating the relationships between HFI, and adolescent mental health mediated by parent mental health, as described using data from longitudinal studies, to account for the passage of time(103,109). This model helped to emphasise that relationships between components of the model should not be addressed in isolation but as interconnected parts of a system that may evolve over time. The dynamic problem-based conceptual model was able to illustrate how the effects of HFI recorded earlier on in the lifetime of the child could have implications for health in later life, with parent mental health being the mechanism. The dynamic model also helped to identify where anticipated intervention impact could take place (e.g. at the parent-level via cost savings when the child is younger) which could improve future health outcomes of the child. 

No studies were identified that developed a problem-based conceptual model of HFI and child health for the purposes of developing a public health economics model and/or to evaluate school-based feeding interventions in the UK. However, other theoretical frameworks were identified in the wider literature that conceptualised HFI and child health for alternative purposes. One study summarised the US-based literature on infants and children to inform the development of a conceptual model encompassing the relationship between HFI, caregiver mental health, child behavioural difficulties and school performance only(171). The model pathways aligned with the pathways between HFI, child mental health, and parent mental health within the models presented in this chapter, giving confidence to the results. Other studies have focussed on developing conceptual frameworks of HFI and child health for other purposes, such as evaluating the impact that HFI disruption on food systems has on child health, or studying the impact of COVID-19 on HFI and infant health(172–174). 

The problem-based conceptual models developed in this chapter were developed using published guidance specific for the development of health economics models and public health economics models. The conceptual-based models were informed by multiple sources of evidence including qualitative and quantitative evidence from the literature, and expert opinion which provided depth and strength to the understanding of the research problem.

The relationships between HFI and child health outcomes were presented within a static conceptual model to show a high-level overview and understanding of the research problem without accounting for a time element. The dynamic conceptual model illustrated the relationships between HFI and child behaviour/mental health accounting for the passage of time, using available evidence from studies that analysed longitudinal data. Separation of the static and dynamic problem-based conceptual models is considered a comprehensive approach taking into account the complexities of complex public health problems that are characterised by feedback loops, interactions and dynamicity(69). 

Stakeholders who attended the workshop were of different professional backgrounds relating to the research problem, from different geographic regions within England and brought their unique expertise to the workshop discussions. Stakeholder input was critical when challenging the results Chapters 2, which largely relied on US-based evidence, and Chapter 3 where there were few studies reporting on intervention effectiveness on child behaviour, and no cost-effectiveness evaluations accounted for child health and cost outcomes. Feedback from the workshop led to the identification of additional outcomes and pathways, and identification of high priority outcomes and school-based feeding interventions. Feedback received from the stakeholders was positive and all stakeholders showed interest in participating in future work related to this PhD project, which reflected strength in the methodology and workshop structure used to plan and conduct the stakeholder session.

The quantitative studies that informed the majority of the relationships within the conceptual model were largely of cross-sectional design. Results of cross-sectional relationships should be interpreted as correlations, rather than causal, where the latter can only be determined by randomised controlled trials (RCTs). Furthermore, longitudinal studies which would provide insights into the direction and patterns of relationships between HFI and child health outcomes over time were not identified for UK child populations. The lack of longitudinal studies and UK-based studies investigating health impacts in food insecure populations may be considered a limitation of the evidence base. A solution to this issue was incorporating stakeholder expert opinion as an additional source of evidence to fill the gap in this evidence. 

A limitation of the stakeholder workshop was that it was difficult to recruit a large and diverse stakeholder group. Children as consumers of school-based feeding interventions, their parents and school-staff were considered relevant stakeholders, but recruiting them was not possible. One solution would have been to offer face to face or hybrid workshop options or plan the stakeholder sessions greater in advance. However, last minute cancellations and conflicts in schedules would have been unavoidable(151). It is possible that the addition of child, parent and staff beliefs could have produced different results for the conceptual models in this chapter. However, qualitative studies from Chapter 3 did capture the views of these stakeholders when evaluating intervention impact (and were included in the model) and it is likely that all relevant outcomes were included(52,141). Moreover, stakeholders decided that the model boundary was appropriate at the parent and child level, and while a higher-level and lower-level system of the research problem always exists, they were confident about the model boundary, and components for the research purposes within this thesis. 

[bookmark: _Toc206700620]4.6 Implications for the thesis
This chapter described the understanding of the research problem within this thesis and translated it into a static and a dynamic problem-based conceptual model. The objectives of this chapter aligned with Phase C of the conceptual modelling guidance (section 1.5.4) and provided the first step in developing a model structure of HFI and child health that could be used to evaluate school-based feeding interventions in the UK. Several evidence gaps were identified including a paucity of UK-based evidence and longitudinal studies to support the relationships between HFI and child health. The models developed in this chapter, and consideration of the evidence gaps informed the development of a design-based conceptual model of HFI and child health, which is presented in the next chapter. 















5. [bookmark: _Toc206700621]Developing and justifying a design-based conceptual model with data considerations

5.1 [bookmark: _Toc206700622]Background 
The second phase of the conceptual modelling process involved the conceptualisation and justification of a design-based conceptual model(86). Phase D of the conceptual modelling framework was adapted to guide the model development stage in this Chapter (section 1.5.4)(88).

The design-based conceptual model in this chapter reflected a potential quantitative model structure of HFI and child health outcomes and anticipated evidence requirements of this model structure. While the problem-based conceptual models presented in Chapter 4 described “what is relevant?” to the research problem, the conceptual modelling process in this chapter was led by answering the question “what is feasible?” (88,92). Therefore, the design-based conceptual model was still informed by the reviews in Chapters 2, 3 and 4, and the stakeholder expert opinion. However, in this chapter, a clear boundary was decided around the model system first presented in Chapter 4, with further support from the literature and stakeholder expert opinion, which are presented in this chapter. The modelling process thus transitioned from understanding the research problem (illustrated by the problem-based conceptual models in Chapter 4) to developing and justifying an appropriate model structure that was feasible, valid and credible for the development of a final quantitative model of HFI and child health, described as the design-based conceptual model. The design-based conceptual modelling process is where the model boundary and the key model components were decided, and decisions about the level of detail of each of these components and potential model types were made.

The development of the design-based conceptual model was informed by several factors, including but not limited to the data available(86,88). However, it was essential at this stage to identify data that could be analysed to validate the mathematical relationships between the chosen components within the model. Data availability determines the level of detail available for each model component, highlights areas for further data analysis and may inform future changes to the model structure(86). The iterative nature of the modelling process was an expected part of this stage(86,88). Other considerations recommended by the literature to develop the design-based conceptual model were: (i) a review of pre-existing health economics models that have answered the same or similar research question and (ii) stakeholder opinion on model key outcomes, pathways, time-horizon and perspective.

5.2 [bookmark: _Toc206700623]Aims and Objectives
The aim of this chapter was to develop and justify a design-based conceptual model of HFI and child health outcomes, that could be used to evaluate key school-based feeding interventions. The aim of this chapter was met by the following objectives:

1. A review with a targeted approach to identify pre-existing microsimulation models that assessed child health outcomes, HFI, and dietary interventions in children. 
2. Reflection of the discussion of stakeholder’s views on final model components, pathways of interest and where interventions would have meaningful impacts.
3. Consolidation of the evidence to inform model decisions and presentation of a diagram that illustrates the design-based conceptual model structure.
4. Identification of data sources that could be used to test the mathematical relationships assumed between components of the model structure in empirical studies.  

5.3 [bookmark: _Toc206700624]Methods
5.3.1 [bookmark: _Toc206700625]Objective 1: Review to identify pre-existing health economics models assessing child health outcomes and HFI, and dietary intervention in children. 
This review was conducted to identify how others had structured models evaluating child health and HFI, identify key variables that would affect model results, identify the strengths and limitations of different model structures and types, identify the type of data available and assess whether pre-existing models could be employed that would help to answer the research questions(88). 

Due to time constraints of the project and the iterative nature of the model development process, it was considered appropriate to limit the searches to pragmatic searches and pre-existing systematic reviews of health economics models. The NICE DSU guideline suggest that an exhaustive search is not necessary to inform every part of the model development process, as long as the process of identifying evidence is systematic in nature, transparent and justified(86).

Two separate searches (A and B) were conducted to identify pre-existing health economics models. Searches were conducted in PubMed in September 2022.  Both searches were limited to Western HICS. No time limit was imposed on the searches. Quality of studies were not assessed, and I was the only study reviewer. 

Search A: A review of health economics model assessing child health outcomes and HFI

The review in Chapter 2 identified a range of sociodemographic factors that determined HFI and its influence on child health. While the review in Chapter 3 highlighted an evidence gap in the literature examining individual-level impacts of school-based feeding interventions effects but identified that effectiveness was determined by factors such as ethnicity, age and deprivation. Microsimulation models are able to account for population heterogeneity, therefore this review sought to identify original studies describing pre-existing microsimulations estimating HFI and/or child health that might be relevant for answering the research question proposed in this thesis. The search strategy is presented in Appendix D1.  Studies were included if they estimated health outcomes in childhood and the life course.
 
Search B: A review of pre-existing health economics models evaluating dietary interventions in children

The purpose of this review was to understand how other authors had evaluated dietary interventions including school-based feeding interventions using health economics models. This search may be considered an overview of reviews as it was conducted to identify systematic reviews reporting on economic evaluations of dietary interventions in children(175). The search strategy is presented in Appendix D2. Studies were included if they evaluated dietary interventions using decision-analytic models. 

5.3.2 [bookmark: _Objective_2:_Stakeholder][bookmark: _Toc206700626]Objective 2: Stakeholder engagement 
Details of the stakeholder workshop are presented in section 4.3.2 and will not be repeated here. The stakeholder workshop informed both the design of the problem-based conceptual models (Chapter 4) and the design-based conceptual model in this chapter. In this chapter, feedback from sessions 2 and 3 were reflected upon to decide the key outcomes and pathways and where impact of the key interventions (discussed in session 3) would take effect in relation to these. To support stakeholder’s decisions, an example design-based conceptual model structure (presented in Appendix D3) was presented to stakeholders in session 7 with the expectation that stakeholders would remove or add model components that they thought were not relevant/relevant for the quantitative model structure . In session 5, the discussion of resource use was reflected upon to provide details on model perspective, time horizons, and data recommendations. In session 6 stakeholders discussed the target model population and any subgroups that would be included based on the correlates of HFI such as ethnicity, socioeconomic deprivation, geographical location. 
5.3.3 [bookmark: _Toc206700627]Objective 3: Consolidation of the evidence and presentation of the design-based conceptual model
The understanding of the problem illustrated as problem-based conceptual models and presented in Chapter 4 was further developed in this chapter and a boundary was decided around this problem-based model to develop the design-based conceptual model, only including model components (and relationships between them) that were considered key to the development of a credible quantitative model structure for HFI and child health. The decisions about the model boundary, key model components and key intervention impacts were informed by a pragmatic review of health economics models and stakeholder expert opinion. The decisions about the proposed model characteristics and anticipated evidence requirements were informed by the work across Chapters 2-4, the pragmatic review of health economics models in this chapter and feedback from the stakeholders. 

The diagram for the design-based conceptual model was developed in the draw.io web programme and is presented in Figure 14. Child health outcomes were represented by red ovals, and a parent outcome represented by a light blue oval. The yellow oval represented HFI. Underlying risk factors for HFI were represented by an orange rectangle with soft edges. A blue rectangle represented the key school-based feeding interventions. The dark blue ovals represented the outcomes associated with the impact of school-feeding interventions which influenced parent health outcomes in the model (cost and timesaving). 

Pathways were split into priority and lower priority pathways, and these were decided based on stakeholder recommendations and evidence gaps identified in the literature. Pathways were considered priority if stakeholders determined they would be of great interest to policymakers (e.g. the relationship between HFI and child diet quality). Priority and lower priority pathways were decided based on the value they would add to the evidence base if data was analysed to examine these pathways to fill the existing evidence gaps and for the subsequent development of a future health economics model of HFI and child health in UK school-aged children. Solid arrows represented priority pathways and dashed arrows represented lower priority pathways. The green arrows (solid or dashed) represented positive associations (greater odds) between components, and red arrows (solid or dashed) represented negative associations (reduced odds) between model components, taking into the account the direction of the effect. For example, the solid arrow between HFI and parent mental health can be interpreted as HFI increases the odds of poor parent mental health. The light orange oval represented the underlying risk factors of HFI that were identified as confounders for the relationship between HFI and child health in Chapter 2 and influenced entitlement to and effectiveness of UK school-based feeding intervention on child health. The impact of risk factors on model components were represented by grey arrows. 

5.3.4 [bookmark: _Toc206700628]Objective 4: Identification of data sources that can be used to test the relationships between components of the design-based conceptual model in empirical studies
Data sources were identified that could be used to quantify the relationships between components included in the design-based conceptual model in future empirical studies. A search was conducted to identify UK-based cohort studies in the Cohort and Longitudinal Studies Enhancement Resources (CLOSER) database. Cohort studies were included if they collected a validated measure of HFI, diet and child health outcome data (e.g. child behaviour using a validated measure and BMI) for children, alongside parental characteristics (e.g. parent mental health) and sociodemographic factors. There was a preference for including datasets that tracked HFI and child health outcomes overtime so patterns and trends between them could be analysed. Datasets were included if they collected child data within the last fifteen years. 


5.4 [bookmark: _Toc206700629]Results
5.4.1 [bookmark: _Toc206700630][bookmark: _Toc206700631]Objective 1: Review of original studies describing pre-existing health economics models that assess child health outcomes, HFI, and/or dietary intervention in children
From Search A of the review, n=4 met the inclusion criteria for microsimulation models estimating child health outcomes(176–179). None of the microsimulation models estimated the impact of HFI on child health. All but one model estimated lifetime health trajectories in children(177). 

One microsimulation model was identified that was developed using UK child data from the Millenium Cohort Study and incorporated parent mental health as an estimator of child externalising behaviour(176). This model took a lifetime societal horizon (which appeared to be adjustable for short-term outcomes occurring in childhood), and estimated health-related costs in childhood and adulthood as well as wider costs and outcomes related to prison, future employment and residential care. The model also estimated health-related quality of life (HrQol). The focus of the model appeared to be measuring child mental health outcomes, with the potential to incorporate physical outcomes such as obesity and diet quality. 

Additional microsimulation models were identified that were developed in New Zealand, Canada and Australia using data that was relevant to these contexts. Two of the models focussed on lifetime trajectories estimating physical health outcomes such as obesity and diabetes occurring in adulthood, and two models were identified that could estimate short-term costs and outcomes occurring in childhood, however none of these models included the interaction between parent and child characteristics. Details of included studies from this search are presented in Appendix D4. 

From Search B, economic evaluations (n=14) of childhood dietary interventions using decision-analytic models were identified from a systematic review(180–194).  No models estimated the impact of dietary interventions on HFI, and no models of dietary interventions assessed impacts on immediate outcomes occurring in childhood but rather focussed on estimating obesity and related chronic disease events occurring (and averted) in adulthood. Studies evaluated dietary interventions using Markov models (with other studies not specifying model type) (n=8), most studies adopted a lifetime societal perspective (n=9). A gap remained for microsimulation models assessing dietary interventions in children. Models that adopted a societal perspective accounted for loss of productivity for parents when looking after their children on sick days and also accounted for loss of productivity of the children when they became adults due to obesity-related health events. Models estimated long-term intervention impacts from childhood to adulthood using two-step projections, firstly estimating impacts of intervention on BMI in childhood and then using this data to estimate BMI projections adulthood, using a continuous measure of BMI z-scores, rather than categories(180). Further details of included studies from this search are presented in Appendix D5. 
5.4.2 [bookmark: _Toc206700632]Objective 2: Stakeholder engagement: sessions concluding quantitative model components and their relationships 
Stakeholders recommended that the model should adopt a societal perspective which aligned with the results from the review of health economics models. They suggested that direct child health-related costs should be included. Stakeholder’s suggested that parent health and cost should be included in the model if they either impacted upon health and/or determined intervention effectiveness. Stakeholders concluded that child behaviour and diet would be key outcomes to include in the model. This recommendation was based on the relevancy of these outcomes to policymakers within health and education in terms of positioning school-based feeding interventions as multicomponent public health interventions for mitigating the detrimental health effects of HFI. 

Stakeholders recommended that the model should prioritise understanding the impact of HFI on child diet rather than wider diet-related health outcomes such as obesity, as they reflected on Chapter 2 which highlighted the lack of UK-based studies examining the impact of HFI on child diet quality. Stakeholders recommended that the impact of HFI on child diet should encompass impacts on both positive (e.g. fruit and vegetable) and negative (e.g. fast foods) indicators of diet quality. Stakeholders recommended that the pathway between HFI and child behaviour should be explored, before looking at the wider impacts of behaviour on health (e.g. mental health) and non-health related (e.g. education) outcomes. They decided that understanding the impact of HFI on these immediate outcomes, which bridge to longer-term outcomes would be of most interest to policymakers.

Stakeholders also suggested that a model type that considers individual-level impacts, account for correlates of HFI such as socioeconomic status and ethnicity, would be preferred over a cohort model. The stakeholders emphasised that the model should be generalisable to more than one school-based feeding intervention and be able to estimate the impacts of all key school-based feeding interventions, as they are delivered simulatenously in the real world. 

5.4.3 [bookmark: _Toc206700633]Objective 3: Consolidation of the evidence and presentation of the design-based conceptual model 
The understanding of the problem (Chapter 4), the pragmatic review of health economic models and stakeholder feedback informed the decisions about the structure of the design-based conceptual model (presented in Figure 14) and anticipated model evidence requirements (presented in Table 7). This section breaks down the justification for including key model components, pathways and anticipated intervention impacts illustrated in the design-based conceptual model and the proposed model characteristics and anticipated evidence requirements. A more detailed description of model boundary considerations are presented in Appendix D6.

5.4.3.1 Included model outcomes 
The design-based conceptual model included HFI, parent mental health, intermediate child outcomes (diet quality and child behaviour), long-term child health outcomes (child/adolescent overweight/obesity and child/adolescent mental health) and parent cost and time-saved as outcomes of intervention impact. Child diet quality and child behaviour were included based on the evidence presented in Chapter 2 and stakeholder discussion which suggested that policymakers would be interested in the relationship between HFI and intermediate child health outcomes (e.g. HFI and child diet quality). Although stakeholders recommended that long-term outcomes related to diet quality and child behaviour should not be the focus of the model, child obesity and child mental health were included to provide health endpoints which could be important for future modelling work. Long-term health impacts (e.g. obesity) were also measured by models identified in Search B of the pragmatic review of health economics models. Additionally, cost and timesaving to parents were including in the model as impacts of UK school-based feeding interventions influencing parent mental health, as demonstrated by studies in Chapter 3.   

5.4.3.2 Included model pathways
Pathways in the design-based conceptual model were categorised into priority and lower priority pathways. Model pathways and their justification for inclusion (either priority or lower priority) are described in this section, below. 

HFI to child diet quality (priority)
In the design-based conceptual model a direct pathway between HFI and child diet quality was added which was based on the evidence presented in Chapter 2, which reported that HFI was associated with reduced odds of good child diet quality. Studies showed that while there was mixed evidence regarding an association between HFI and child fruit and vegetable intake, there was strong evidence that HFI is associated with greater consumption of unhealthier food (e.g. savoury snacks and takeaways) among child and adolescent populations(195). 

HFI to child behaviour (internalising and externalising) and via parent mental health (priority)
In the design-based conceptual model there is a direct pathway between HFI, and child behaviour (internalising/externalising) and an indirect pathway mediated by parent mental health.  These pathways were included as priority pathways based on previous US literature that examined these associations and patterns using mediation models and longitudinal data(103,108). 

Bidirectional relationship between HFI and parent mental health (priority from HFI to parent mental health)
In the model the relationship between HFI and parent mental health was included as a bidirectional relationship as evidence from Chapter 2 found this to be the case in studies examining HFI and child mental health/child behaviour using parent mental health as a mediator(103,108). Stakeholders agreed that the pathway between HFI and parent mental health was considered the priority pathway (rather than the inverse) based on previously identified studies examining this relationship using The Family Stress Model theoretical framework(103,108,153). Therefore, the pathway from parent mental health to HFI was included as lower priority. 

HFI to behaviour via diet quality (lower priority)
A lower priority pathway was included between child diet quality and child behaviour as an indirect pathway between HFI and child behaviour via child diet quality. This pathway was included based on a systematic review identified by the pragmatic reviews in Chapter 4. The systematic review found studies which reported that poor child diet quality was associated with increased child behavioural problems, and that micronutrient nutrient deficiencies were associated with an increased likelihood of behavioural conditions including attention deficit hyperactivity disorder (ADHD)((163). 

HFI to overweight/obesity via diet quality (lower priority)
A lower priority pathway between child diet quality and overweight/obesity was added as an indirect pathway between HFI and child overweight/obesity via diet quality. Studies identified from the pragmatic reviews in Chapter 4 found that poor child diet was associated with greater odds of overweight and obesity(162). The relationship between child diet quality and overweight/obesity is well-established within the literature; therefore, it was included. However, it was included as a lower priority pathway based on stakeholder recommendation.  

HFI to child diet quality via parent mental health (lower priority)
The evidence from the review in Chapter 2 highlighted that HFI can increase the odds of caregiver stress, and that caregiver stress is associated with greater odds of child hunger(160,196,197). In Chapter 2 it was hypothesised that caregiver stress associated with HFI may have an impact on caregiver’s ability to parent their child, and this may be in the form of not being able to provide or cook balanced meals, resulting in poorer child diet quality. This hypothesis also aligns well with The Family Stress Model theoretical framework(153,159). It was considered important to acknowledge this potential pathway in the model, however it was included as lower priority. This was because it was considered a priority to firstly establish whether HFI was associated with child diet quality in UK school-age children. Additionally, no other non-UK studies were identified that supported this hypothesised relationship. 

Child obesity and child mental health (lower priority)
A lower priority pathway between child overweight/obesity and child mental health was included due to the evidence reporting on this relationship from the pragmatic reviews presented in Chapter 4. The studies from the pragmatic reviews found that child overweight/obesity was associated with greater odds of child mental health symptoms of depression and anxiety, with mechanisms being low self-esteem due to body dissatisfaction (162,166,167). Moreover, children who experienced poor mental health were more likely to participate in unhealthy eating behaviours, increasing their odds of overweight/obesity(159). This evidence suggests that poor child mental health and overweight/obesity could be interrelated in complex ways highlighted by these feedback loops (first discussed in the discussion Chapter 4). This relationship was included as a lower priority pathway to be examined in future modelling work.

5.4.3.3 Anticipated intervention impacts in the model
School- based feeding interventions to HFI 
A pathway demonstrating a positive impact of school-based feeding interventions to HFI was included in the design-based conceptual model. This pathway was included based on the evidence from Chapter 3 which found that school-based feeding interventions improved child access to meals that they otherwise may forgo due to HFI and contributed to children feeling less hungry in school(51,137). Additionally, In the stakeholder workshop it was discussed (in Chapter 4) that the implementation of school-based feeding interventions may improve food availability in the home (as it may free-up resources for this) contributing to a potential improvement in HFI. 

School- based feeding interventions to child diet quality
In the design-based conceptual model a pathway from school-based feeding interventions to improvements in child diet quality was added to reflect the evidence summarised in Chapter 3 which found that school interventions were associated with a greater odds of children consuming more balanced diets(135). 

School-based feeding interventions to parent mental health (via cost and time saving)
In the design-based conceptual model a pathway from school-based feeding interventions to parent mental health was added to reflect the evidence summarised in Chapter 3. Studies found that school food provisions were effective in reducing parent financial pressures, which is believed to have positive implications for parent mental health(60,113). This is especially important for food insecure parents who report greater symptoms of depression and anxiety and aligns with The Family Stress model where economic stress (e.g. HFI) enhances poor parent mental health which has negative implications for child health(153). 

School-based feeding interventions to child behaviour
In the design-based conceptual model a pathway was added between school-based feeding interventions and greater odds of improvements in child behaviour. In Chapter 3, it was discussed that school meals, particularly universal provisions of food have the potential to remove the stigma and shame associated with receiving school-based feeding interventions and HFI which could have a direct impact in improving child behaviour both within the home and within school(60,113,155). Having direct, uncertain access to food could alleviate child stress and worry associated with HFI, and could have a positive impact on their behaviour.

School-based feeding interventions to child behaviour (via diet quality) 
In the model a pathway was hypothesised from school-based feeding interventions to child behaviour via diet quality. This was included due to the evidence from Chapter 3 which found that school-based feeding interventions improve child diet quality and the pragmatic reviews in Chapter 4 which found that nutrient dense food was associated with better child behaviour(135,163).

School-based feeding interventions to child behaviour (via parent mental health) 
In the model a pathway was hypothesised between school-based feeding interventions to improvements in child behaviour via parent mental health. This pathway was based on the evidence from Chapter 2 which found that parent mental health was associated with child behaviour, and evidence from Chapter 3 which found that school-based feeding interventions have the potential to improve parent mental health (via cost- and timesaving), therefore potentially improving child behaviour indirectly via improvements to parent mental health (The Family Stress Model)(60,108,113).

5.4.4.4 Proposed model characteristics 
The pragmatic review of health economics model found a gap in the literature of microsimulation models that evaluated the impact of HFI or child health or child dietary interventions. The reviews from Chapters 2 and 3 found that many sociodemographic risk factors determined the relationship between HFI and child health outcomes, as well as intervention effectiveness. Furthermore, the stakeholder discussion highlighted that incorporating population heterogeneity would be an important aspect of the modelling work. Thus, a microsimulation model type was decided for a future health economics model of HFI and child health.

The pragmatic review of health economics models in this chapter identified several models that adopted a societal perspective. As parent factors (including cost and time-savings) were included as measures of intervention effectiveness which influenced parent mental health, it was decided that the future model of HFI and child health would also adopt a societal perspective. This decision was supported by stakeholders.

From the onset of the thesis the target model population was UK school-aged children. Based on evidence identified in Chapter 2 and discussions from the stakeholder workshop, parents/caregivers would also be included if their outcomes tracked through the relationship between HFI and child health. The pragmatic review of models identified one microsimulation model that incorporated parent mental health, and several models that included parental characteristics. Thus, both children and their parents were considered as the populations of interest within the model for the future modelling work. A short to medium time horizon to measure intervention impacts in childhood was decided based on recommendations from the stakeholders and a gap in the literature which found that most models adopted longer-term horizons with few measuring health impacts occurring in childhood. 


The decisions about the model design indicated substantial data requirements for model building. Based on the findings from Chapter 2 which identified a lack of UK-specific evidence on the key model components and priority pathways within the design-based conceptual model, it was decided that the next stage of the model development process would be identifying data that could be used to mathematically quantify the priority relationships between HFI and child diet, HFI and child behaviour, and HFI and child behaviour via parent mental health.


4

	Model design 
	Decision
	Justification
	Data implications

	Model type
	Microsimulation
	Stakeholders wanted correlates of HFI included (ethnicity, SES, child FSM-eligibility, maternal age, household size, employment status, education). Chapter 3 highlighted the need to encompass these factors when evaluating intervention effectiveness
	Increased data requirements

	Population
	School-age children and their parents 
	School-age children would be receiving the intervention. 
Intervention can have positive impact on parent mental health and financial pressures associated with HFI (discussed in chapter 2 and 3) 
	UK cohort studies collecting information on both parents and children

	Perspectives
	Societal perspective
	Review of health economics models and stakeholder views
	Increased cost retrieval exercise. Need to consider the impact on household’s finances and education outcomes.

	Risk factors
	HFI, household characteristics (e.g. size, employment, education, cohabitation status)
	Data collected at the household level in studies of the review in Chapter 2
	National surveys collect prevalence of HFI and household characteristics

	Priority pathways
	HFI to diet
HFI to child behaviour
HFI to parent mental health to child behaviour
	Stakeholder feedback and review in Chapter 2
	No UK studies. Need to collect data that measures HFI and child health/parent mental health data to explore these pathways.

	HFI-related health outcomes
	Child diet, Child behaviour and parent mental health
	Stakeholder feedback and review in Chapter 2  
	UK cohort studies collect various measures of child health over time.


	Interventions
	UFSM, FSM and SFVS
	Stakeholder feedback and Chapter 3
	UK studies studying impacts on child diet, but more studies needed to measure impact on child behaviour

	Time horizon
	Short-medium term
	Stakeholder feedback and evidence gaps of the models identified by the review of health economics models
	Short to long-term UK based data measuring the relationship between HFI and child health


[bookmark: _Ref190726672][bookmark: _Toc206702256]Table 7: Model design decisions of the design-based conceptual model
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[bookmark: _Ref189334044][bookmark: _Toc206702340]Figure 15: The design-based conceptual model structure

5.4.4 [bookmark: _Toc206700634]Objective 4: Identification of data sources that can be used to test the relationships between components of the design-based conceptual model in empirical studies
Table 8 presents the current data availability for the pathways within the model structure and highlights an evidence gap of UK data for all pathways to be included in the reference case (prior to adding intervention impact). It was essential to identify data that could be used examine the relationship between HFI and child health outcomes within the model in empirical studies, before assessing intervention impact. As the review of health economics models could not be used as source to inform data for the model, an additional review of data that could be used to inform future empirical studies was conducted. 

	Pathway
	Current data availability (location of sources)

	HFI to child diet quality
	· Non-UK-based studies (chapter 2). 
· Mixed evidence regarding HFI and fruit and vegetable intake from US-based studies (chapter 2).

	HFI and child behaviour 
	· Non-UK-based studies (chapter 2) 
· Mixed evidence supporting direct relationship (chapter 2).

	HFI to child behaviour via parent mental health 
	· Non-UK based studies (chapter 2) 

	Intervention impact on diet 
	· School-based feeding intervention impact studied on diet quality (chapter 3). Most commonly used National Diet and Nutrition Survey data.

	Intervention impact on parent mental health
	· Limited quantitative data available. Largely qualitative data (chapter 3).

	Intervention impact on child behaviour
	· Qualitative data from parent or teacher reports.


[bookmark: _Ref189333863][bookmark: _Toc206702257]Table 8: Data availability of key model pathways with the design-oriented conceptual model
From the search of data in the CLOSER database, n=5 cohort studies were identified that met the inclusion criteria(198–202). A further n=2 datasets were suggested by the stakeholders(203,204). Appendix D8 presents the data identified from the search that can be used to inform the key pathways between HFI, child health and parent mental health outcomes in the model. The search identified The Millenium Cohort Study, Avon Longitudinal Study of Parents and Children (ALSPAC), growing up in Scotland, Southampton Women’s Study, the National Diet and Nutrition Survey (NDNS), the Leeds My Health My School study and the Born in Bradford study. Brief characteristics of these studies are described below.  

The Millenium Cohort Study is a UK-wide dataset measuring sociodemographic characteristics, parent mental health and various measures of child health including diet, mental health, BMI in children and adolescents up to age 17 years(199). The ALSPAC study is a study conducted in Bristol which has been following individuals from their birth (1991/1992) in Bristol, UK, collecting data on sociodemographics, health behaviours of parents, child diet, behaviour, parent to child attachment, parenting styles and maternal health(200). The Growing Up in Scotland study began collecting data from Scottish children who were aged 10 months in 2005, collecting measures of child physical and mental health, family addiction and mental disorders, parenting styles and sociodemographic information(201). The Southampton Women’s study began following women living in Southampton (recruited between 1998-2002) and subsequently their live births, collecting data on their children’s diet, physical and mental health, asthma and allergies as well as the mother’s mental health(202). The National Diet and Nutrition Survey (NDNS) is a UK-wide national survey that measures sociodemographic information, household characteristics, diet/nutrition intake in individuals aged 1.5 years and older(204). The Leeds My Health My School study is a survey for children aged 5-13 years old that collects information on sociodemographics, diet, physical activity, substance /alcohol use, mental health and sexual health(203). Summaries of these datasets are included in Appendix D7

The search identified the Born in Bradford (BiB) study as the only data source which measured validated tools to measure HFI, child diet, child behaviour and parent mental health in school-aged UK children(198). Thus, it was decided by myself and my supervisory team that this dataset would be used for further analyses presented in Chapters 6 and 7 of this thesis. 

5.4.4.1 Born in Bradford data summary

The BiB study is a prospective birth cohort study collecting data on children and their families. The aim of the study was to investigate factors that influence health, development, and well-being from the individual’s birth through to adulthood. The study was developed in Bradford, UK, a multicultural city with a large South Asian population and high-levels of deprivation(198). 

The study recruited 12,543 mothers, 3448 of their partners and 13766 pregnancies between 2007 and 2011. All mothers recruited in the BiB original study sample who had completed baseline surveys (n=1916) were asked to take part in the BiB1000 study, and n=1735 recruited, of those 28 mothers gave birth to twins(198,206). The BiB1000 nested sub-study was established to develop a better understanding of lifestyle factors and health-related behaviours that may determine the effectiveness of culturally specific obesity prevention interventions(206). 

Mothers and their partners recruited in the BiB1000 study were followed up at 6, 12-, 18-, 24- and 36-months postpartum(206). HFI data was collected at 12 months post-partum. Between 2017-2019, when children were aged 7-11 years, follow-up data were collected for a total of n=1763 children and they became the BiB1000 Growing Up cohort. During this follow-up stage, data on HFI, child diet, child behaviour (strengths and difficulties questionnaire (SDQ), FSM-eligibility, parent mental health and sociodemographic information was collected(205,206). The variables measured at baseline and the Growing Up study follow-up period were presented in Appendix D9. 

Due to the large time gap between the initial data collection of HFI at 12 months to the Growing Up study follow-up point and the fact that HFI was only measured at two time points, it will not be feasible to examine causal relationships between HFI and child diet and behaviour. However, cross-sectional analysis using the Growing-Up study can be used to investigate correlational relationships between these model factors. I acquired this data, and included in the appendix is the data management plan (Appendix D10), the BiB data sharing agreement (Appendix D11) and the ethics agreement as agreed by the Sheffield Research Ethics Committee (Appendix D12). 

5.5 [bookmark: _Toc206700635]Discussion
This chapter adapted Phase D of the conceptual modelling framework (section 1.5.4) to develop a design-based conceptual model structure, which was informed by a pragmatic review of health economics models, stakeholder expert opinion and the problem-based conceptual models presented in Chapter 4. The design-based conceptual model comprised of priority pathways between HFI and child diet, HFI and child behaviour and HFI and child behaviour mediated by parent mental health. Lower priority pathways between key model components were also included in the design-based conceptual model as informed by the literature but not considered priority for subsequent data analysis. Additionally, anticipated school-based feeding interventions were also added to the model. 

Due to a lack of UK evidence confirming the relationships between HFI and the key child health outcomes in the model, it was decided that quantifying the mathematical relationship between these model components would be the initial step in the model development process. The review of potential datasets identified the BiB1000 cross-sectional study which contained measures of HFI, child health and key sociodemographic factors that could be used to confirm the hypothesised priority relationships, within the design-based conceptual model, in empirical studies.

[bookmark: _Hlk206577601]No pre-existing models of HFI and child health were identified by the review of health economics models. However, the review of health economics models did identify important characteristics of pre-existing models that influenced characteristics of a future model of HFI and child health outcomes. Pre-existing models adopted a societal perspective accounting for parent loss of productivity and those measuring long-term costs associated with obesity occurring in adulthood. The review also identified no microsimulation model of HFI and child health and no models that evaluated the short-term health impacts of dietary interventions in childhood. These gaps in the literature could be filled by future modelling work building upon this thesis. Additionally, models were identified that had relevant components of the design-based conceptual model presented in this chapter, such as the LifeSim model which estimated the impact of child behaviour from parent mental health(176). This leaves scope for future modelling work to potentially adapt this pre-existing model to include a HFI module. The proposed model characteristics and anticipated evidence requirements of the model that were informed by the pragmatic reviews and stakeholder expert opinion could be further developed as part of future modelling work beyond this thesis.  

One of the limitations of the work conducted within this chapter was that the review of health economics models was pragmatic rather than systematic and it is possible that a systematic search might have captured more models. Studies of dietary intervention models relied on the rigour of the systematic reviews methodology from which they were identified, which may have led to missed studies, due to reviewer selection bias. However, as two systematic reviews of dietary interventions identified the same studies, it is likely all relevant models were captured. Furthermore, microsimulation modelling was decided as a potential model type (based on the findings in Chapters 2 and 3) to shape search A of the health economics models, rather than explicitly identifying these models from the reviews(88).  

It is important to note that the design-based conceptual model presented in this chapter does not define the final “hard model” structure. As discussed by Squires et al., (2016) guidance for conceptual modelling, building the model structure can be an iterative process, and it is possible that other structures exist. However, due to the evidence and stakeholder input used to build the current design-based conceptual model, it is this model and the priority relationships within it that will be analysed in the subsequent chapters.

While it was possible to implement an initial health economics model of HFI and child health given the data available from US-studies, it was decided that due to the lack of UK-based evidence supporting the priority relationships between HFI and child health outcomes, it would be best practice to firstly conduct analyses to establish these relationships using a UK school child dataset. At this stage, anticipated costs and wider outcomes such as quality-of-life information (with and without intervention impact) were not considered, which deviated from Phase D of the framework (section 1.5.4). Further research recommendations that could build on Phase D of the framework are discussed in Chapter 8. 
5.6 [bookmark: _Toc206700636]Implications for the thesis 
This chapter introduced the BiB1000 Growing Up dataset, which will be used to inform the empirical analyses in Chapters 6 and 7 of this thesis. Econometric analyses will examine the relationship between household food insecurity (HFI) and child diet (Chapter 6), and the relationships between HFI and child behaviour, mediated by parent mental health (Chapter 7), in children aged 7-11 years. These analyses will provide an understanding of the priority relationships between model components within the structure. The resulting coefficients from these analyses may be considered as potential parameter estimates for the future microsimulation model, with the caveat that they will represent associations at one point in time and will not fully capture the dynamic nature of the relationships. 


6. [bookmark: _Toc190787633][bookmark: _Toc206700637]Examining an association between HFI and diet quality indicators in children aged 7-11 years old of the BiB1000 Growing Up Cohort

6.1 [bookmark: _Toc206700638]Chapter overview 
This chapter was submitted as a manuscript to the Public Health Nutrition journal and is currently being reviewed. I am the lead author of this manuscript, and co-authors are Dr Penny Breeze, Dr Hannah Lambie-Mumford and Dr Laura Gray. All author contributions are discussed here. In the previous chapter the design-based conceptual model structure included a direct pathway between HFI and child diet quality. The current evidence of the relationship between HFI and child diet comes from US-based studies. Due to a paucity of evidence examining this relationship in UK school-age children, the Born in Bradford (BiB) 1000 Growing Up study data was identified to examine this relationship. This chapter presents a novel empirical study that examines whether there is an association between HFI and child diet quality in school-age children using the Born in Bradford 1000 Growing Up study data. 

6.2 [bookmark: _Toc206700639]Introduction
Food insecurity is characterised as disruption to usual dietary intake and/or eating habits due to lack of money or other resources and exists on a severity scale from having anxiety about food shortage to hunger, in its most severe form (1).  In the UK, 15% of households reported food insecurity(2). Of households experiencing household food insecurity (HFI), 47% included children under the age of 16, and food insecure households with children accounted for 39% of food bank recipients(3). 

The primary driver of HFI is low income, however other economic factors including cost-of-living and sociodemographic inequalities, can impact HFI in complex ways(4). HFI can lead low-income households who have reduced access to healthy food and/or spend a greater proportion of their income on food, to opt for cheaper and unhealthier food options(2,5). HFI may lead to household members reducing their portion sizes of skipping meals and this is often observed in households with dependent children, where caregivers may “shield” children from the awareness of HFI, by sacrificing their own nutritional intake at a detriment to their own physical and mental well-being (2,6).  The consequences of HFI experience to children are particularly harmful, where a compromise to diet quality can have profound negative impact on child physical, mental, and social growth (7,8).  

Most studies that have examined the relationship between HFI and child diet quality, have been US and Canada -based, and have demonstrated that HFI has a negative impact on child diet quality, characterised by reduced consumption of fruit and vegetables, and increased consumption of saturated fats and sugars (7,8). While these studies provide useful insight into the relationship between HFI and child diet quality, due to differences in culture, sociodemographic and structures of health and social service systems, it may not be appropriate to infer results from studies using US/Canadian child data, to reflect other populations. 

The relationship between HFI and child diet quality has not been the subject of extensive research in the UK, one reason being that there have not been routine nor consistent collection of measures of HFI in the UK(9). A study using the Food and You2 survey found that HFI was associated with lower odds of purchasing fruit and vegetables(10) . However, this survey collects data on food purchasing decisions from respondents aged 16 and over and does not measure children’s diet intake and quality. 

Three studies using UK-based data have been identified that have explored the relationship between HFI and child diet quality(11, 12, 13) . The Southampton’s Women prospective cohort study found that at aged 3-years-old, food insecure children were more likely to consume processed foods and less fruit and vegetables than food secure children. HFI data in this study was only collected at that one time-point when the children were 3 and no food insecurity questions were asked in subsequent follow-up periods(11). A study of 16–17-year-olds in the UK, found no association between HFI and fruit and vegetable intake, however food insecure adolescents had greater likelihood of consuming unhealthy foods(12). 

The Born in Bradford (BiB) prospective cohort study is the only study to collect routine HFI and diet data in infants at 12 months, and when children were aged 7-11 years old. Previous findings using the BiB data stratified an analysis of child diet by Pakistani and White ethnicity and compared food insecure and food secure within these ethnicities. The results found an interaction between HFI and child ethnicity. The findings summarised that Pakistani food insecure children consumed fewer vegetables and more sugar sweetened beverages than food secure Pakistani children, and that White food secure children consumed fewer savoury snacks (e.g. crisps) compared to White food insecure children(13). The BiB dataset is the only available UK dataset that has recorded HFI and diet of school-age children within the same survey at the same time. 
 
The aim of this study is to use the BiB1000 Growing Up study to investigate whether there is an association between HFI and diet quality indicators of UK school-age children, accounting for sociodemographic factors, and parent mental health.

6.3 [bookmark: _Toc206700640]Methods 
6.3.1 [bookmark: _Toc206700641]Study population
The BiB1000 Growing Up cohort dataset is part of the BiB prospective cohort study and is used in this analysis, details of the BiB1000 study sample are described elsewhere(14,15, 16). Of the mothers recruited onto the original BiB study, 1753 mothers and their children were recruited in the BiB1000 cohort. Between March 2017 and March 2020, all parents of children from the BiB1000 cohort were invited to answer survey questionnaires containing questions on HFI and children’s diets. Questionnaires were offered in English, Urdu, and Mirpuri with interpreters available for other languages16. The study combined data from the following BiB datasets: BiB1000 Growing Up adult survey (HFI/diet survey), BiB Growing Up adult survey, BiB Growing Up child survey (adult completed), BiB Cohort Info Child Info and the BiB Education Records.  The final sample contained 1763 children. 

Ethical approval for the study was granted by the University of Sheffield’s Research Ethics Committee (REC) (reference 056313). Details of the ethics application and BiB data agreement are presented in the Appendix D12 and Appendix D11, respectively. 
6.3.2 [bookmark: _Toc206700642]Outcome variables
Fruit and vegetable scores and non-core food scores (e.g. takeaways, savoury and sweet snacks), 
were the outcome variables in this study. Diet and HFI were assessed using the same questionnaire. 

Parents of children were asked questions on their children’s dietary intake, using the validated 28-item Children’s Dietary Questionnaire (CDQ)(17). The CDQ is based on the Australian healthy eating guidelines and unlike a traditional food frequency questionnaire the CDQ assesses patterns of food intake, using positive indicators (fruit and vegetables) and negative indicators (consumption of unhealthy food such as takeaways, i.e. non-core foods), to distinguish higher and lower quality diets. Minor modifications were made to the survey to suit the UK audience, such as replacing the word “pawpaw” with “papaya” and replacing “capsicum” with “pepper”.

6.3.2.1 Calculation of fruit and vegetable scores 
Food scoring and subsequent fruit and vegetable scores were calculated using guidance from the Australian CDQ documentation(17). The fruit and vegetable scores produced for this analysis were a sum of the following; (i) fruit variety consumed per day, (ii) vegetable variety consumed per day, (iii) number of different fruit consumed in the previous day, (iv) number of different vegetables consumed in the previous day, (v) number of occasions in the previous day fruit was consumed, (vi) number of occasions in the previous day vegetables were consumed, (vii) average frequency of consumption of fruit per day and viii) average frequency of consumption of vegetables per day. The resulting sum is used as the outcome variable for positive diet indicators in this analysis and a higher value for fruit and vegetable scores represents a better-quality diet.  A more detailed description of the calculation of fruit and vegetable scores is in Appendix E1. 

6.3.2.2 Calculation of non-core food scores
Non-core food scores were calculated using guidance from the CDQ documentation (17). High non-core food scores indicate greater consumption of non-core food scores, therefore are indicative of an unhealthy diet (a healthier diet would have a low non-core food score and high fruit and vegetable score). A more detailed description of the calculation of non-core scores is in Appendix E1. 

6.3.3 [bookmark: _Toc206700643]Explanatory variables 
6.3.3.1 Household food insecurity 
HFI was measured using the validated six-item Short Form of the United States Department of Agriculture (USDA) Food Security Survey module(18). Using guidance provided by the USDA, the sum of affirmative responses was used to assign households into three categories “high/marginal food security”, “low food security” and “very low food security”. Due to the small sample size in the low and very low food secure groups, these were combined to create a “food insecure” group, while the “high/marginal food secure” group was considered the “food secure” group. This grouping is consistent with the USDA definition of food security and has been performed previously in studies (19,20,).  Details on the coding of HFI are included in Appendix E2. 

6.3.3.2 Sociodemographic characteristics 
A selection of sociodemographic characteristics was included as covariates due to their role as potential confounders in the relationship between HFI and dietary scores (4,13,21).  Detailed information on the coding and categories used in the sociodemographic characteristics is provided in Appendix E2.

Child age was included as older children tend to have more autonomy over their diets, a greater sense of HFI awareness and are more likely to be food insecure than younger children(22). Maternal age was included as households with younger heads of the households are more likely to experience HFI (4,23). Child gender was included as there is evidence that food insecure males and female children have different food preferences(24). Ethnicity was included as ethnic minority families are more likely to be food insecure than White families in the UK2. Diet variety may also be influenced by ethnicity and culture. 

Parent cohabitation status was included as single-parent families are more likely to experience HFI (25). Household size was included as larger households tend to experience greater HFI which may impact food and type of food available for children(25). Highest household education level was also added as a covariate due to its association with HFI, low socioeconomic class (SES) and shaping of food choices (8).. Child free school meals (FSM) eligibility, which is a means-tested benefit, was included as a proxy for socioeconomic deprivation and family income(26). SES was represented by National Statistics Socio-economic Classification (NS-SEC), including NS-SEC1 (Managerial, administrative, and professional occupations), NS-SEC2 (Intermediate occupations), NS-SEC3 (Small employees and own account workers), NS-SEC4 (lower supervisory and technical occupations), NS-SEC5 (semi-routine and routine occupations) and NS-SEC6 (both parents currently unemployed). NS-SEC was included as families in higher (lower socioeconomic status) classes, including unemployed families are more likely to experience HFI and consume poorer diets than those in lower NS-SEC groups(21). A parent mental health indicator for depression was represented by the parent-completed eight-item Patient Health Questionnaire depression scale (PHQ-8), as there is evidence that parent depression, particularly maternal depression is prevalent among food insecure groups, which can have a negative impact on parental feeding practices(27,28).	

6.3.4 [bookmark: _Toc206700644]Missing data handling
Missing data patterns were assessed within the dataset, and Little's MCAR (missing completely at random) test suggested that the data were not missing completely at random (p<0.01)(29). When data are MAR, this means that the probability of missing data in a variable is related to the observed data and is one of the key assumptions underlying multiple imputation methods, therefore it was appropriate to perform this technique(29).

Multiple imputation using chained equations were employed using the “mice” package in R to handle missing data. Values were imputed using predictive mean matching (PMM), a semi-parametric imputation approach. PMM was chosen due to its advantage of being able to impute both continuous and categorical variables, and ensuring imputed values produced were plausible, by considering existing data ranges and patterns(30). The imputation model contained all transformed variables that were to be included in the regression model, to preserve the relationship between variables31. A more detailed description of the imputation algorithm is presented in Appendix E3. 

6.3.5 [bookmark: _Toc206700645]Statistical analyses
Descriptive statistics were presented in means (standard deviation) for continuous measures and percentage of non-missing data (%) for categorical variables. Missing data were presented as n (%) for each variable. Descriptive statistics were presented for the original sample, complete cases and multiple imputation sample, for ease of comparison. 

Using complete cases, sociodemographic data were compared by food security status. Statistical associations of sociodemographic variables with HFI were explored by Wilcoxon- Mann-Whitney U test for continuous variables (child and maternal age and PHQ-8 scores), chi-square tests (child gender, education level, ethnicity, household size, financial insecurity) or Fisher’s exact test (cohabitation status, FSM and NS-SEC). Analyses were conducted to understand statistically significant relationships between all sociodemographic variables these are presented in supplementary material. 

Independent t-tests and ANOVA were performed to compare mean fruit and vegetable scores and non-core food scores within variables, in the whole sample. Tukey’s test examined which pairs of variable levels had significantly different means.  

Multivariate linear regression model using imputed datasets was fitted to examine the association between HFI and fruit and vegetable scores (model 1) and non-core food scores (model 5), adjusting for sociodemographic characteristics. Multivariate models were fitted and stratified by ethnic group (using imputed datasets) estimating mean changes in fruit and vegetable scores in White children (model 2), Asian children (model 3) and children belonging to the Other ethnic group (model 4). Similarly multivariate models were fitted and stratified by ethnic group using imputed datasets to estimate mean changes in non-core food scores in White children (model 6), Asian children (model 7) and children of Other ethnic group (model 8). Models were stratified by ethnicity, as previous findings using this BiB1000 cohort for younger children have found ethnic variations for HFI and diet(13). 

Univariate models for each predictor (HFI and individual sociodemographic characteristics) and a multivariate model using complete-case data were presented in the supplementary material. Model fit was assessed for complete cases using and residual plots for both fruit and vegetable, and non-core foods. It is assumed that the goodness of fit is applicable to models using imputed datasets (in unstratified analysis). Goodness of fit results and diagnostic plots are presented in Appendix E4 for the model estimating fruit and vegetable scores, and Appendix E5 for the model estimating non-core food scores.

Model outputs presented were pooled beta coefficients, pooled standard errors, and their p-values. Estimates were pooled using Rubin’s rule using the pool command in R’s mice package (32).

6.3.6 [bookmark: _Toc206700646]Sensitivity analyses
A variable for the consumption of five-a-day, was created by taking the number of occasions in the previous day that fruit or veg were consumed and creating a binary variable indicating whether a child had met the UK’s 5 a day recommendation for fruit and vegetable consumption. Multivariable logistic regression models were fitted using complete cases and imputed datasets. Results presented are pooled log odds, standard errors, and p-values per variable, and in the case of imputed datasets, the results presented are pooled estimates using Rubin’s rule. Pooled estimates were obtained using the “with” function in the mice package of R(32).

A subjective measure of financial insecurity in which participants were asked “how well is your household managing financially these days?” Responses “just about getting by”, “finding it quite difficult” and “finding it very difficult” were coded 1, representing financial insecurity, while “living comfortably”, “doing alright” and "do not wish to answer” were coded 0. This measure was added as a predictor to the multivariate linear regression model for complete cases. This measure has demonstrated better representation of SES in ethnic minorities using the BiB1000 dataset at the 12-month follow up (33). 

All statistical analyses were performed in R version 4.1.2(34)

6.4 [bookmark: _Toc206700647]Results
6.4.1 [bookmark: _Toc206700648]Descriptive statistics

Summary statistics for the original sample (n=1763), complete cases (n=290) and imputed datasets (n=1763) are presented Table 9. In the original sample, 79% of the data for food security status were missing, approximately 56-63% of data were missing for most sociodemographic characteristics and 56% were missing for parent PHQ-8 scores. There was no missing data for child gender, and only 1 child did not have ethnicity data. A more detailed description of statistics for the original sample are presented in Appendix E4.

The proportion of HFI, child gender, mean child age, mean maternal age, household education level, FSM status, NS-SEC status, mean parent PHQ-8 scores and subjective financial insecurity were similar across the original sample, complete cases and imputed datasets. There were more children whose parents reported being married/living together in the complete cases (98%) compared to the original sample (86%) and imputed datasets (84%). There were more children of Asian ethnicity (65%) in the complete cases compared to the original sample (55%) and the imputed datasets (55%). 
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	Variable
	Measurements
	Original sample (N=1763)
	Complete cases
(N=290)
	Multiple imputation pooled (n=1763)

	Food security status
	Food secure (% in the non-missing sample)
	331 (90.68)
	263 (90.69)
	1597 (89.56) 

	
	Food insecure (% in the non-missing sample)
	34 (9.31) 
	27 (9.31)
	184 (10.44) 

	
	Missing (%)
	1398 (79.30)
	-
	- 

	Child age 
	Years mean  (sd) 
	9.25 (0.69)
	9.23 (0.66)
	9.25 (0.67) 

	
	Missing (%)
	1016 (57.63)
	-
	- 

	Mothers age 
	Years mean (sd)
	37.46 (5.53)
	37.25 (5.34)
	37.41 (5.55) 

	
	Missing (%)
	991 (56.21)
	-
	- 

	Child Gender 
	Male (% in the non-missing sample)
	863 (48.95)
	134 (46.21)
	863 (48.95)

	
	Female (% in the non-missing sample)
	900 (51.05)
	156 (53.79)
	900 (51.05)

	
	Missing (%)
	-
	-
	- 

	Cohabitation status
	Married and or/unmarried and living with partner (% in the non-missing sample)
	666 (86.27) 
	284 (97.93) 
	1488 (84.40) 

	
	Not living with partner (% in the non-missing sample)
	106 (13.73) 
	6 (2.07) 
	275 (15.60) 

	
	Missing (%)
	997 (56.55)
	-
	- 

	Highest education level of the household
	Up to 5 or more GCSEs at grade A-C/ or equivalent (including don’t know, other, and no qualification)
(non-missing %)
	398 (51.69)
	144 (49.66) 
	918 (52.07) 

	
	A level or equivalent (% in the non-missing sample
	372 (48.31)
	146 (50.34)
	845 (47.93) 

	
	Missing (%)
	993 (56.32)
	-
	-

	Ethnicity 
	White (n % in the non-missing sample) 
	659 (37.40)
	85 (29.31)
	659 (37.38) 

	
	Asian (% in the non-missing sample)
	971 (55.11)
	189 (65.17) 
	972 (55.13) 

	
	Other (% in the non-missing sample) 
	132 (7.49)
	16 (5.52) 
	132 (7.49) 

	
	Missing (non-missing %)
	1 (0.06)
	- 
	- 

	Household size  
	 ≤5 members (% in the non-missing sample
	477 (62.85)
	170 (58.62)
	1164 (66.02) 

	
	>5 members (% in the non-missing sample
	282 (37.15)
	120 (41.38)
	599 (33.98) 

	
	Missing (%)
	1004 (56.94)
	-
	- 

	FSM status
	Yes (% in the non-missing sample
	345 (24.04)
	58 (20.00)
	424 (24.05) 


	
	No (% in the non-missing sample
	1090 (75.96)
	232 (80.00)
	1339 (75.95) 


	
	Missing (%)
	328 (18.60)
	-
	- 

	NS-SEC 
	NS-SEC1: Managerial, administrative and professional occupations (% in the non-missing sample
	217 (33.91)
	93 (32.07)
	570 (32.33) 

	
	NS-SEC2: Intermediate occupations (% in the non-missing sample)
	65 (10.16)
	36 (12.41)
	177 (10.04) 

	
	NS-SEC3: Small employees and own account workers % in the non-missing sample
	138 (21.56)
	69 (23.79)
	356 (20.19) 

	
	NS-SEC4: Lower supervisory and technical occupations (% in the non-missing sample)
	67 (10.47)
	27 (9.31)
	173 (9.81) 

	
	NS-SEC5: Semi-routine and routine occupations (% in the non-missing sample)
	103 (16.09)
	42 (14.48)
	280 (15.88) 

	
	NS-SEC6: Unemployed both parents
	50 (7.81)
	23 (7.93)
	207 (11.74) 

	
	Missing (% in the non-missing sample)
	1123 (63.70)
	-
	- 

	Parent PHQ-8 Score 
	Mean (SD) 
	3.72 (4.74) 
	3.41 (4.48) 
	3.89 (4.86) 

	
	Missing (%) 
	997 (56.55) 
	
	

	Subjective financial insecurity
	No (% in the non-missing sample)
	552 (71.97)
	210 (72.41)
	1257 (71.30)

	
	Yes (% in the non-missing sample)
	215 (28.03)
	80 (27.59)
	506 (28.70) 

	
	Missing (%)
	996 (56.49)
	-
	- 


[bookmark: _Ref190766372][bookmark: _Toc206702258]Table 9: Descriptive statistics of the Born in Bradford 1000 children and their households

6.4.2 [bookmark: _Toc206700649]HFI and sociodemographic covariates 

Table 10 presents results comparing sociodemographic variables by HFI status. HFI was associated with household education level, and food insecure children were less likely to live in households where the highest education level of the household was A-level or equivalent (p=0.014). HFI was associated with ethnicity (p=0.01) and subjective financial insecurity, with food insecure families more likely to perceive themselves as financially insecure (p<0.01). P-values for tests conducted establishing statistical associations between covariates are presented in the supplementary material. 
	Variable 
	Measures 
	Food secure (n=263)
	Food insecure (n=27) 
	P-value

	Child age
	Years mean (sd)
	9.22 (0.66) 
	9.37 (0.74) 
	0.30

	Mothers age
	Years mean (sd)
	37.2 (5.34) 
	37.3 (5.39) 
	0.90

	Child Gender
	Male (%)
	121 (46.00) 
	13 (48.15) 
	0.99

	
	Female (%)
	142 (54.00) 
	14 (51.85) 
	

	Cohabitation status
	Married and or/unmarried and living with partner (%) (1) 
	258 (98.10)
	26 (96.30) 
	0.45

	
	Not living with partner (%) (0) 
	5 (1.90) 
	1 (3.70) 
	

	Highest education level of the household
	Up to 5 or more GCSEs at grade A-C/ or equivalent (including no don’t know, other, and no qualification)
	124 (47.15) 
	20 (74.07) 
	0.01*

	
	A level or equivalent (%)
	139 (52.85) 
	7 (25.93) 
	

	Ethnicity 3-level
	White (%) 
	72 (27.38) 
	13 (48.15) 
	0.01*

	
	Asian (%)
	178 (67.68)
	11 (40.74) 
	

	
	Other (%) 
	13 (4.94) 
	3 (11.11) 
	

	Household size
	 ≤5 members (%)
	152 (57.80)
	18 (66.67)
	0.49

	
	>5 members (%)
	111 (42.20)
	9 (33.33) 
	

	FSM status
	Yes (%)
	50 (19.01) 
	8 (29.63) 
	0.29

	
	No (%)
	213 (80.99) 
	19 (70.37) 
	

	Final NSEC 2 household
	Managerial, administrative and professional occupations (%)
	88 (33.46) 
	5 (18.52) 
	0.07

	
	Intermediate occupations (%)
	30 (11.41) 
	6 (22.22) 
	

	
	Small employees and own account workers (%)
	66 (25.10) 
	3 (11.11) 
	

	
	Lower supervisory and technical occupations (%)
	23 (8.75) 
	4 (14.81) 
	

	
	Semi-routine and routine occupations (%)
	36 (13.69) 
	6 (22.22) 
	

	
	Unemployed both parents
	20 (7.60) 
	3 (11.11) 
	

	Parent PHQ-8 scores
	Mean (sd)
	3.09 (4.20) 
	6.59 (5.77) 
	<0.01*

	Subjective financial insecurity
	No (%)
	202 (76.81) 
	8 (29.63) 
	<0.01*

	
	Yes (%)
	61 (23.19) 
	19 (70.37) 
	

	
	
	
	
	


[bookmark: _Ref190766488][bookmark: _Toc206702259]Table 10: Characteristics of food insecure and food secure children in the BiB1000 Growing Up complete cases (n=290).  Chi-square test or Fisher’s exact test for categorical variables and Wilcoxon Mann-Whitney for continuous variables. *Denotes statistical significance

6.4.3 [bookmark: _Toc206700650]Comparing mean food scores  
Results for t-test and ANOVAs performed comparing mean fruit and vegetable and non-core food scores within each variable for the original sample are presented in Table 11.

There was no statistically significant difference between fruit and vegetable mean scores between food secure and food insecure groups (9.62±5.07 vs 9.54 ±4.84, p=0.93). Children living in households whose highest education level was A-level or equivalent had higher mean fruit and vegetable scores than those whose parents were less educated (p<0.01).  There were also statistically significant differences between the mean fruit and vegetable scores between ethnic groups in the whole sample (p<0.01). The mean fruit and vegetable scores were higher in smaller households compared with larger households (10.1 ±4.95 vs 8.2 ±4.51, p<0.01). Statistically significant difference in mean fruit and vegetable scores across was established between NS-SEC groups (p=0.0008). Tukey’s test was performed to further examine the pairwise mean comparisons for ethnicity and NS-SEC ANOVA models and found that there was a significant difference between fruit and vegetable scores for the White and Asian group (p=0.001) and Asian and mixed group (p=0.03). Statistically significant differences were also observed between NS-SEC1 and N-SEC3, NS-SEC5 and NS-SEC6 (<0.05). 

There was no difference between non-core food scores for food secure and food insecure children (2.79 ± 1.38 vs 2.76 ± 1.21), p=0.90). Children whose parents were cohabiting with a partner had higher mean non-core food scores than those residing in single-parent families (2.71 ± 1.23, p=0.04). Children who were FSM-eligible had higher mean non-core food scores than those who were not FSM-eligible (3.10±1.41 vs 2.66, p<0.001). 


	
	
	Fruit and Vegetable scores
	Non-core food scores

	Variable
	Measurements
	Whole sample (N=1763)
Mean (SD)
	All participants (N=1763)
P-value
	Whole sample (N=1763)
Mean (SD)
	Total sample P-value

	Food security status
	Food secure 
	9.54 (4.85) 
	0.93 
	2.76 (1.21)
	0.8954

	
	Food insecure 
	9.62 (5.07) 
	
	2.79 (1.38) 
	

	Child Gender 
	Female 
	9.36 (4.76) 
	0.48
	2.69(1.28) 
	0.2759

	
	Male 
	9.71 (4.96) 
	
	2.83 (1.28)
	

	Cohabitation status
	Married and or/unmarried and living with partner (1)
	9.53 (4.71) 

	0.93
	3.11 (1.18)
	0.04*

	
	Not living with partner (0)
	9.45 (5.66)
	
	2.71 (1.23)
	

	Highest education level of the household
	Up to 5 or more GCSEs at grade A-C/ or equivalent (including no don’t know, other, and no qualification)
	
8.40 (4.41) 
	<0.01*
	2.76 (1.29)
	0.94 

	
	A level or equivalent 
	10.70 (4.95) 
	
	2.75 (1.17)
	

	Ethnicity
	White 
	10.70 (5.51)
	<0.01*
	2.73 (1.20)
	0.23

	
	Asian 
	8.72 (4.26) 
	
	2.73 (1.22)
	

	
	Other 
	11.50 (5.04) 
	
	3.19 (1.39)
	

	Household size
	 ≤5 members 
	10.1 (4.95) 
	<0.01*
	2.71 (1.15)
	0.32 

	
	>5 members 
	8.52 (4.51) 
	
	2.85 (1.36) 
	

	FSM status
	Yes 
	8.84 (5.16) 
	0.16
	3.10 (1.41)
	0.01*

	
	No 
	9.75 (4.81) 
	
	2.66 (1.15)
	

	NS-SEC
	Managerial, administrative and professional occupations 
	11.0 (5.00) 
	<0.01*
	2.58 (1.16) 
	0.21 

	
	Intermediate occupations 
	9.39 (4.63) 
	
	2.73 (1.16)
	

	
	Small employees and own account workers 
	8.39 (4.50) 
	
	2.74 (1.32)
	

	
	Lower supervisory and technical occupations 
	10.40 (3.91) 
	
	2.95 (1.31)
	

	
	Semi-routine and routine occupations 
	8.54 (4.19) 
	
	2.93 (1.31)
	

	
	Unemployed both parents
	7.91 (4.48) 
	
	2.62 (1.44)
	

	Subjective financial insecurity
	No 
	9.49 (4.76) 
	0.75
	2.76 (1.26)
	0.97

	
	Yes 
	9.67 (5.01) 
	
	2.76 (1.17) 
	


[bookmark: _Ref190766720][bookmark: _Toc206702260]Table 11: Comparing mean fruit and vegetable scores, and non-core food scores for the BiB1000 Growing Up whole sample (n=1763) non-missing means are compared using independent t-test for two-level categorical variables, and ANOVA for three-level categorical variables. * Denotes statistical significance.
6.4.4 [bookmark: _Toc206700651]Linear regression model results

Table 12 and Table 13 present regression outputs for multivariable analysis on imputed datasets and multivariable models stratified by ethnicity, estimating fruit and vegetable scores and non-core foods, respectively. The model results are presented as β coefficients and standard errors (SE), with p-values to indicate statistical significance. 

For the fruit and vegetable analysis, in model 1, HFI was not associated with child fruit and vegetable scores (β = 0.43, p=0.62), after adjusting for sociodemographic characteristics and parent PHQ-8 scores. In model 1, older maternal age (p=0.006), households with education level A-level equivalent or higher (p<0.01) were associated with an increase in fruit and vegetable scores, while Asian ethnicity (p<0.01) and parent PHQ-8 scores (p=0.03) were associated with a decrease in fruit and vegetable scores. In models 2-4 the sample was stratified by ethnic group, and HFI was not associated with fruit and vegetable scores in any of the sub-samples. However, in the White and Asian groups maternal age (p=0.04), and higher education level (p<0.01) were associated with an increase in fruit and vegetable scores, while parent PHQ-8 scores were associated with a decrease in fruit and vegetable scores (p=0.03). In model 3, for the Asian ethnic group, household size was associated with a decrease in fruit and vegetable score (p=0.01). Other ethnic group in model 4 no covariates were significantly associated with fruit and vegetable scores. 

For the non-core food analysis, in model 5 HFI was not associated with non-core food scores (β= -0.02, p=0.94), adjusting for socioeconomic factors and parent PHQ-8 scores. In model 6, older child age was associated with a decrease in non-core food scores (p=0.03), while FSM-eligibility was associated with an increase in non-core food scores (p=0.04). In models 6-8 stratifying by ethnicity, HFI was not associated with non-core food scores in any of the subsamples. However, in the Asian ethnic group, FSM-eligibility was associated with an increase in non-core food scores (p=0.01). In the White ethnic group in model 6 and Other ethnic group in model 8, no covariates were significantly associated with non-core food scores. 

Results for the sensitivity analyses are presented in Appendix E6. 

	Explanatory variables
	
	Model 1 -multivariate (n=1763) 
	Model 2 – 
White ethnic group
(n=660) 
	Model 3
Asian ethnic group
(n=971) 
	Model 4
Other ethnic group
(n=132) 

	Food security
	Food secure
	Reference 
	Reference
	Reference
	Reference

	
	Food insecure
	0.43 (0.86) 
	0.25 (0.55)
	0.73 (0.59) 
	0.76 (1.21)

	
	P-Value
	0.62 
	0.43
	0.34 
	0.46 

	Child age 
	
	-0.24 (0.41)
	-0.27 (0.27)
	-0.21 (0.22) 
	-0.24 (0.62)

	
	P-value
	0.56
	0.38
	0.35 
	0.39

	Maternal age
	
	0.11 (0.04) 
	0.12 (0.03)
	0.12 (0.03) 
	0.06 (0.08) 

	
	P-value 
	<0.01*
	0.04*
	0.02*
	0.39 

	Child gender
	Female
	Reference
	Reference
	Reference
	Reference

	
	Male
	-0.30 (0.40) 
	-0.46 (0.37)
	-0.26 (0.28) 
	0.08 (0.88)

	
	P-value
	0.47
	0.33
	0.37
	0.58

	Parent cohabitation status
	Not living with partner   
	Reference
	Reference
	Reference
	Reference

	
	Married and/or living with partner
	0.00 (1.13)
	-0.31 (0.51)
	0.03 (0.57) 
	0.53 (1.17)

	
	P-value
	0.99
	0.25
	0.33
	0.38

	Highest household education level
	Up to 5 or more GCSEs at grade A-C/ or equivalent (including don’t know, other, and no qualification)
	Reference
	Reference
	Reference
	Reference

	
	A level or equivalent or higher 
	1.61 (0.55) 
	2.18 (0.42) 
	1.35 (0.31) 
	1.09 (1.02)

	
	P-value
	<0.01*
	<0.01*
	<0.01*
	0.38

	Child ethnicity 
	White  
	Reference
	
	
	

	
	Asian 
	-1.61 (0.53) 
	-
	-
	

	
	P-value
	<0.01*
	
	
	

	
	Other 
	0.73 (1.07) 
	
	
	

	
	P-value
	0.50
	
	
	

	FSM status
	No 
	Reference
	Reference
	Reference
	Reference

	
	Yes 
	0.13 (0.91)
	0.43 (0.52)
	-0.16 (0.41)
	0.84 (1.21)

	
	P-value
	0.88
	0.30
	0.28
	0.39 

	Household size code 
	 ≤5 members 
	Reference
	Reference
	Reference
	Reference

	
	>5 members 
	-1.07 (0.57)
	-1.00 (0.53)
	-1.15 (0.29)
	-0.60 (1.12)

	
	P-value
	0.07
	0.16
	0.01*
	0.48

	NS-SEC 
	Managerial, administrative, and professional occupations
	Reference
	Reference
	Reference
	Reference

	
	Intermediate occupations
	-1.28 (1.06)
	-1.48 (0.60)
	-0.95 (0.55) 
	-1.97 (1.65)

	
	P-value
	0.24 
	0.15 
	0.23 
	0.31

	
	Small employees and own account workers 
	-1.04 (0.94) 
	-1.14 (0.62) 
	-0.80 (0.42) 
	-2.27 (1.35) 

	
	P-value
	0.28 
	0.14 
	0.21
	0.17

	
	Lower supervisory and technical occupations 
	0.89 (1.07) 
	1.24 (0.71) 
	0.98 (0.52)
	-0.83 (1.75) 

	
	P-value
	0.42 
	0.28 
	0.30
	0.45 

	
	Semi-routine and routine occupations 
	-1.10 (0.76) 
	-1.22 (0.68) 
	-0.79 (0.46) 
	-3.01 (1.50)

	
	P-value
	0.16
	0.16 
	0.21
	0.10

	
	Unemployed both parents
	-1.67 (1.54)
	-2.58 (0.85) 
	-0.94 (0.64) 
	-2.97 (1.87)

	
	P-value
	0.29
	0.15 
	0.16 
	0.28

	Parent PHQ-8 scores 
	
	-0.12 (0.05) 
	-0.11 (0.04) 
	-0.13 (0.03)
	-0.08 (0.09)

	
	P-value
	0.03*
	0.03*
	0.01*
	0.37


[bookmark: _Ref190768043][bookmark: _Toc206702261]Table 12: Model outputs of multivariable linear regression models estimating fruit and vegetable scores. Presented as beta coefficients (standard errors) with p-values. Model 1: multivariable regression models fitted on pooled imputed datasets, model 2: White ethnic group multivariable model results, model 3: Asian ethnic group multivariable model results, model 4: Other ethnic group multivariable model results. *Denotes statistical significance. 



	Explanatory variables
	
	Model 5–
multivariate (n=1763) 
	Model 6– White ethnic group
(n=660) 
	Model 7– Asian ethnic group (n=971) 
	Model 8- Other ethnic group
(n=132) 

	Food security
	Food secure
	Reference 
	Reference
	Reference
	Reference

	
	Food insecure
	-0.02 (0.27)
	0.02 (0.14)
	-0.14 (0.16)
	0.12 (0.34)

	
	P-Value
	0.94 
	0.40
	0.35
	0.40

	Child age 
	
	-0.14 (0.06) 
	-0.16 (0.07) 
	-0.13 (0.06) 
	-0.12 (0.17)

	
	P-value
	0.03 
	0.13 
	0.06 
	0.45 

	Maternal age
	
	-0.02 (0.01)
	-0.02 (0.01)
	-0.02 (0.01)
	-0.02 (0.02)

	
	P-value 
	0.11 
	0.12 
	0.10
	0.36 

	Child gender
	Female
	Reference
	Reference
	Reference
	Reference

	
	Male
	-0.13 (0.13)
	-0.08 (0.09)
	-0.15 (0.08) 
	-0.40 (0.32)

	
	P-value
	0.30 
	0.36
	0.17
	0.31 

	Parent cohabitation status
	Not living with partner   
	Reference
	Reference
	Reference 
	Reference

	
	Married and/or living with partner
	-0.37 (0.24) 
	-0.39 (0.13)
	-0.32 (0.16) 
	-0.40 (0.32)

	
	P-value
	0.13 
	0.08
	0.21 
	0.31 

	Highest household education level
	Up to 5 or more GCSEs at grade A-C/ or equivalent (including don’t know, other, and no qualification)
	Reference
	Reference
	Reference
	Reference

	
	A level or equivalent or higher 
	0.09 (0.13)
	0.05 (0.10)
	0.14 (0.09)
	-0.04 (0.28) 

	
	P-value
	0.50
	0.37
	0.29
	0.44 

	Child ethnicity 
	White  
	Reference
	
	
	

	
	Asian 
	0.04 (0.19)
	-
	-
	

	
	P-value
	0.85 
	
	
	

	
	Other 
	0.37 (0.32) 
	
	
	

	
	P-value
	0.25 
	
	
	

	FSM status
	No 
	Reference
	Reference
	Reference
	Reference

	
	Yes 
	0.45 (0.21)
	0.44 (0.13)
	0.44 (0.11)
	0.48 (0.33) 

	
	P-value
	0.04
	0.05
	0.03 
	0.30 

	Household size code 
	 ≤5 members 
	Reference
	Reference
	Reference
	Reference

	
	>5 members 
	0.16 (0.16)
	0.21 (0.13)
	0.14 (0.08)
	0.22 (0.31)

	
	P-value
	0.35 
	0.29
	0.21 
	0.48

	NS-SEC 
	Managerial, administrative, and professional occupations
	Reference
	Reference
	Reference
	Reference

	
	Intermediate occupations
	0.10 (0.20)
	0.11 (0.15)
	0.11 (0.15) 
	-0.09 (0.46) 

	
	P-value
	0.62 
	0.29
	0.48
	0.34 

	
	Small employees and own account workers 
	0.05 (0.21)
	0.01 (0.15)
	0.05 (0.11)
	0.11 (0.38) 

	
	P-value
	0.83 
	0.32 
	0.32 
	0.38

	
	Lower supervisory and technical occupations 
	0.26 (0.30)
	0.28 (0.18) 
	0.27 (0.14) 
	0.00 (0.49) 

	
	P-value
	0.39 
	0.24 
	0.30
	0.45

	
	Semi-routine and routine occupations 
	0.15 (0.25)
	0.27 (0.17) 
	0.13 (0.13) 
	-0.09 (0.42)

	
	P-value
	0.55 
	0.26
	0.30
	0.48

	
	Unemployed both parents
	-0.27 (0.30) 
	-0.31 (0.21)
	-0.25 (0.18) 
	-0.22 (0.52)

	
	P-value
	0.37
	0.28
	0.31 
	0.44

	Parent PHQ-8 Score
	
	0.00 (0.01)
	0.00 (0.01)
	-0.01 (0.01)
	0.00 (0.03)

	
	P-value
	0.71 
	0.38 
	0.40
	0.51 


[bookmark: _Ref190769225][bookmark: _Toc206702262]Table 13: Model outputs of multivariable linear regression models estimating non-core food scores. Presented as beta coefficients (standard errors) with p-values. Model 1: multivariable regression models fitted on pooled imputed datasets, model 2: White ethnic group multivariable model results, model 3: Asian ethnic group multivariable model results, model 4: Other ethnic group multivariable model results. *Denotes statistical significance. 



6.5 [bookmark: _Toc206700652]Discussion

6.5.1 [bookmark: _Toc206700653]Summary of results
The present study found that HFI was not associated with child diet quality in children aged 7-11 years old, using the BiB1000 dataset at the Growing Up follow-up stage. The result was consistent across unadjusted and adjusted regression analysis and was also robust to other measures of food quality, such as the UK’s recommended fruit and vegetable portions of 5-a-day.

6.5.2 [bookmark: _Toc206700654]Comparison with previous studies

In previous studies, evidence of an association between HFI and child diet quality is mixed and largely comes from US and Canada-based studies. The results in this study echo the findings of other studies that found no evidence of an association between HFI and child diet within this child age group (35-40). However, other studies have found an association between HFI and lower healthy index scores, lower fruit and/or vegetable servings and greater consumption of foods high in saturated fats, sugars, and calories (6,41,42). The difference observed in this study, may be explained by previous research that has found that households in Bradford, particularly South Asian households, have good access to all food outlet types, and deprived areas with high ethnic minority groups have cheaper fruit and vegetable costs (13,43).

The differences may also be explained by several factors that relate to challenges in collecting dietary data. Studies that have shown an association between HFI and diet quality in similar age groups, have used different measurement tools to quantify diet quality, while this is the first study to use the Australian CDQ to measure child diet quality in the UK population. The CDQ measure used in our study was parent-reported which may have limitations in estimating children’s dietary consumption, particularly if parents were unaware of what foods were being consumed outside of the home. There is previous evidence of poor agreement between parent and child-report of child diet, suggesting that parents are good reporters for meals consumed in the home but not meals outside of the home such as at school (44). The CDQ instrument itself is limited to recall bias, as well as parents over-reporting healthy food and under-reporting unhealthy food45. 

The CDQ instrument does not measure portion sizes of food, there is potential that variation in smaller portions is not captured by the variety and occasion questions. Identifying differences in diet is complex, for example a study using data from the National Diet and Nutrition Survey (NDNS), found that Asian school-age children (compared to White) had greater daily absolute counts of vegetables, but lower daily vegetable intake (g)(47). It is possible that additional information such as portion sizes would yield interesting results.

Studies that have established associations between HFI and child diet have largely examined younger populations (including the study conducted on this population when they were 12 months old) and adolescents (aged 16 years and over)(11,12,13,39). In the UK the quality of school-aged children’s diets in general, are suboptimal and characterised by the consumption of unhealthy snacks and less fruit and vegetables (46). This may be due to children gaining autonomy over their food environments as they grow older(22) or parents shielding of HFI. It is possible that in this school-age child population, a lack of child awareness of HFI (as the HFI questionnaire was completed by parents) and shielding has led to similar diet quality results in both food secure and insecure children (6). It is possible that if a child-specific HFI and diet measure was used, the study would yield different results. Furthermore, as children grow older and their awareness of food insecurity increases, an association between HFI and diet quality may be found.  

It is possible that the study did not have good representation from very low food secure households. The BiB1000 sample was recruited from the original cohort, and the households facing very low food security may be less likely to participate. Previous research has suggested that the impact of HFI on child health and well-being, including eating behaviours and dietary intake can differ by HFI severity (48). However, with this sample it was not possible to identify this pattern. In a larger sample a multi-level HFI predictor variable may be used to detect differences in diet between food secure and very low secure groups. 

In this study, lower levels of parental education and younger maternal age were associated with lower fruit and vegetable scores and this aligns with findings within the wider literature(8). A large proportion of children in the dataset were of Asian ethnicity. In this analysis Asian children were more likely to have lower fruit and vegetable scores and reduced odds of consuming 5-a-day than their White peers. A possible explanation of our findings for ethnicity may be that Asian parents under-counted the number of vegetables their children consumed in cultural foods, which has been described previously(49). Once stratified by ethnicity, a significant association between FSM-eligibility  and non-core food scores was only observed in Asian children. Furthermore, parent depression was significantly associated with a decrease in fruit and vegetable scores. This is consistent with a study which reported a negative association between maternal depression and reduced fruit and vegetable intake in preschool aged children(27). In school age children, maternal depression has been associated with restrictive feeding styles(28). 

6.5.3 [bookmark: _Toc206700655]Strengths and limitations

This study is the only study to assess HFI and diet quality in school aged children in the UK. This study uses a dataset measuring HFI and diet data simultaneously, alongside relevant sociodemographic variables. It therefore avoids the bias and inconsistencies introduced from merging datasets from different sources. Due to the ethnically diverse population in this study, we were able to stratify analysis by ethnicity. Bradford is a city in the North of England, with a high-level of deprivation and a diverse population. Thus, results from this study may not be generalisable to wider parts of the country with different demographics. Sensitivity analyses (supplementary material) showed that only 35% children (regardless of their food security status) in the whole sample met the government's recommendation of 5 fruit and vegetable portions per day. This is greater than, but aligns with, the general England statistics reported in 2018, which found that <18% of children overall met this recommendation (50). This study uses multiple statistical methods to examine the association between HFI and diet quality indicators. This was a comprehensive approach to understand the data and cross-validate findings between tests, to make sure conclusions from results were consistent and credible. 

[bookmark: _heading=h.gjdgxs]A significant limitation of this study was the presence of missing data, particularly for child diet and HFI. This missingness was found to not be completely at random and multiple imputation methods were employed as a solution. However, the multiple imputation method heavily relies on its input data, and there is a possibility that the findings do not entirely reflect the true relationship between food insecurity and child due to the initial absence of data. In terms of the data itself, questions around HFI are highly sensitive, and there may be shame or stigma attached to answering these questions, particularly in the presence of a researcher, which might explain the high-level of missingness in the survey. It is also worth noting, that perhaps the small sample size observed were due to time or resources limitations. Furthermore, due to the stigma attached to HFI, it is possible this may have influenced a high proportion of parents reporting food security. 

6.5.4 [bookmark: _Toc206700656]Areas for further research

This was a cross-sectional analysis of the BiB1000 cohort at their growing up time point and the second time point where HFI and child diet data were simultaneously collected. An extension to this analysis might consider the impact of longitudinal trends in HFI and child diet. An analysis of longitudinal data will help to understand trends and patterns between HFI and child diet rather than providing a snapshot of the relationship at a time point. Further research is also needed to understand and remove the barriers of completing HFI and diet questionnaires, to avoid the challenges associated with using missing data. Where data becomes available with additional dietary insights such as nutritional information, a second study could explore the relationship between HFI and diet further, e.g. HFI relationship with recommended nutritional intake. Parent depression was associated with both HFI and reduced fruit and vegetable scores, which leaves room to explore a potential indirect mechanism of action. 

6.6 [bookmark: _Toc206700657]Conclusion 
The present study found no association between HFI and parent-reported child diet quality indicators in children aged 7-11 years old living in the UK, using the 6-item USDA parent-reported measure for HFI. It is well recognised that school-aged children in general have suboptimal diets in the UK, this was observed in this dataset, where child diets appeared to be poor across food secure and insecure groups. The lack of difference observed between food insecure, and food secure children may be a result of caregiver shielding of HFI, parent recall and reporting bias for diet, and food security status. Parent depression appeared to have a negative impact on fruit and vegetable scores, while also being strongly associated with HFI. The study also highlighted the ethnic variations present for fruit and vegetable intake. Interventions aiming to improve child diets, particularly in multi-cultural and ethnic populations may consider these variations, as well as proposing solutions to increase diet quality among school-age children in general. 
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7. [bookmark: _Toc206700659]Does parent mental health mediate the relationship between household food insecurity and child behavioural symptoms in children aged 7-11 years of the BiB1000 Growing Up cohort? 

[bookmark: _Toc206700660]7.1 Chapter overview
This chapter has been included as a prepared manuscript. I am the lead author of this manuscript, and the co-authors are Penny Breeze, Hannah Lambie-Mumford and Laura Gray. Contributions of each author towards this manuscript are presented here. The purpose of this chapter was to examine the core behavioural pathway within the design-based conceptual model in Chapter 5. The empirical study in this chapter provides a novel contribution to the evidence base evaluating impacts of HFI on child behaviour in school-age children using a UK dataset.
[bookmark: _Toc206700661]7.2 Background 
Food security is defined as a “situation when all people at all times have physical, social, and economic access to sufficient, safe, and nutritious food which meets their dietary needs and food preferences for an active and healthy life”(1).  Conversely, food insecurity can be characterised as a situation where there is disruption to the access of adequate and nutritious food due to insufficient money and other resources. Household food insecurity refers to food insecurity experienced at the household level. In the UK, households with children are more likely to experience HFI than those without children, and HFI can have detrimental impact on child health and development(4,20). 

Evidence from US-based studies has found that HFI is associated with greater internalising and externalising behaviours in school-age children (7). Internalising behaviours include unregulated emotions, mood-disorders and social withdrawal. While externalising behaviours are characterised by misconduct, hyperactivity/inattention and aggression(207). Children with behavioural difficulties are more likely to experience poor mental health, and have develop conditions such as attention deficit hyperactivity disorder (ADHD), which have also been associated with HFI (207,208). Children with behavioural difficulties are more likely to have poorer concentration in the classroom, which can contribute towards lower educational attainment and have implications for future employment in adulthood(207,209,210). Additionally, children who experience externalising problems are more likely to engage in substance abuse in adolescence(207,211). HFI can therefore widen both educational and health inequalities via its impacts on child behaviour. 

While some studies have found a direct association between HFI and child internalising and externalising behaviours, studies using longitudinal data have found that HFI that this relationship is mediated by parent mental health(103,108). These findings align with a theoretical framework known as The Family Stress model which suggests that in the presence of economic hardship, parents experience psychological problems which then have a negative impact on parenting, leading to poor child health outcomes(153). 

The majority of studies exploring the relationship between HFI and child behaviour have been conducted in the US. No studies have been identified that examine the relationship between HFI and positive aspects of child behaviour (prosocial behaviour). However, one study was identified that found that child hunger was associated with a decrease in sharing, especially of food resources (212). This defines a gap in the literature to examine the relationship between HFI and child prosocial behaviour, both directly and indirectly via parent mental health. 

No studies have been identified by the authors that have used UK school child data to examine the relationship between HFI, parent mental health and child behaviour. The aims of this study were to (i) assess whether there is a direct association between HFI and child internalising, externalising and prosocial (positive) behaviour, (ii) assess whether there is an indirect association between HFI, and child behaviours mediated by parent mental health in school children aged 7-11 years old residing in Bradford, UK. A secondary aim of the study was to test whether the relationships were robust to parent perception of financial security. 

7.3 [bookmark: _Toc206700662]Methods
7.3.1 [bookmark: _Toc206700663]Study population 
The Born in Bradford (BiB) study is based in Bradford, England, a culturally diverse city with nationally high levels of deprivations, and a large South Asian population(198).  The BiB1000 Growing Up cohort dataset is part of the BiB prospective cohort study and is used for the data analysis in this study(205). Details of both the original BiB study and BiB1000 study are described elsewhere. Of the mothers recruited onto the original BiB study, 1753 mothers and their children were recruited in the BiB1000 cohort(206). Between March 2017 and March 2020, all parents of children from the BiB1000 cohort were invited to answer survey questions on HFI, their own mental health and sociodemographic characteristics of their household(1). Originally planned to run from March 2016 to July 2019, data collection for the Growing Up phase was extended until March 2024 due to delays caused by the COVID-19 lockdown in 2020. This meant that for some children there was a slight delay in the collection of surveys that asked parents to report on their child’s behaviour and emotional wellbeing using the strengths and difficulties questionnaire SDQ(213). The data collection for the SDQ survey was between January 2017 and March 2022. Surveys were administered to parents either at home, or at community or clinic appointments. Surveys were offered in English, Urdu, and Mirpuri with interpreters available for other languages(205). The study combined data from the following BiB datasets: BiB1000 Growing Up adult survey (HFI/diet survey), BiB Growing Up adult survey, BiB Growing Up child survey (adult completed), BiB Cohort Info Child Info and the BiB Education Records, BiB SDQ survey (parent completed). 

Ethical approval for the study was granted by the University of Sheffield’s Research Ethics Committee (reference number 056313). Details of the ethics application and BiB data agreement are presented in the appendix. 
7.3.2 [bookmark: _Toc206700664]Measurements 
7.3.2.1 Exposure variable: Household food insecurity
HFI was parent-reported and measured using the validated six-item Short Form of the United States Department of Agriculture (USDA) Food Security Survey module (USDA)(214). The survey asked questions of their food insecurity experience over the past 12 months. Using guidance provided by the USDA, the sum of affirmative responses was used to assign households into three categories “high/marginal food security”, “low food security” and “very low food security”. Due to the small sample size in the very low food secure groups, these were combined with the “low food security” group to create a “food insecure” group, while the “high/marginal food secure” group was created the “food secure” group. This grouping is consistent with the USDA definition of food security and has been used in previous studies(215,216). This binary HFI measure was used in the analysis. Coding for the binary variable is presented in Appendix E2. 

7.3.2.2 Outcome variable: Child behavioural symptoms 
Child behaviour and emotional well-being were assessed using the parent-reported version of the SDQ, which is a validated tool used to measure the social and emotional well-being of children . Questions are asked on a three-point Likert scale (0= not true, 1 = somewhat true, 2= certainty true). The SDQ comprises 25 items, divided into five sub-scales: emotional, hyperactivity/inattention, peer-problems, conduct problems and prosocial. Apart from the prosocial subscale, all four subscales of the SDQ refer to behavioural difficulties. The prosocial subscale questions were positively worded, as were some questions on the difficulties scales (see Table 14 ) and were reverse-coded. Internal consistency of the five subscales was calculated using Cronbach’s alpha (emotional ⍺=0.59, conduct ⍺= 0.63, hyperactivity/inattention ⍺ = 0.69, peer problems ⍺= 0.49 and prosocial ⍺ =0.67).

	Subscale
	Negatively worded questions
	Positively worded questions

	Emotional
	SDQ3, SDQ8, SDQ13, SDQ14, SDQ16, SDQ24
	-

	Conduct 
	SDQ5, SDQ12, SDQ18, SDQ22
	SDQ7

	Hyperactivity 
	SDQ2, SDQ10, SDQ15
	SDQ21, SDQ25

	Peer-problems
	SDQ6, SDQ19, SDQ23
	SDQ11, SDQ14

	Prosocial 
	SDQ1, SDQ4, SDQ9, SDQ17, SDQ20
	


[bookmark: _Ref190792009][bookmark: _Toc206702263]Table 14: Positively and negatively worded items of the strengths and difficulties questionnaire
Externalising scores are calculated by summing the conduct and hyperactivity subscales (range: 0–20), while internalising scores sum the emotional and peer-problems subscales (range: 0–20). These broader composite scores are commonly used in epidemiological studies to assess behavioural outcomes(217,218). Use can also be made of individual subscales, such as emotional problems or hyperactivity/inattention, to investigate specific behavioural domains, or report on a single subscale of interest based on their research objectives(219). Another widely used measure is the total difficulties score, which aggregates four behavioural difficulty SDQ subscales (emotional problems, conduct problems, hyperactivity/inattention, and peer problems), into a single score ranging from 0 to 40(220). Apart from the prosocial subscale, greater scores on the behavioural subscales, internalising and externalising scores, and total difficulties scores indicate greater behavioural difficulties(213). 

The total difficulties score provides a comprehensive measure of overall behavioural challenges, and the five-subscales provide a nuanced understanding of child behaviours(220). This study focuses on internalising, externalising and prosocial scores to distinguish between the impacts of HFI on specific dimensions of child behavioural difficulties and positive behaviour. Using internalising and externalising scores is recommended for exploratory analyses in low-risk population where diagnosing mental disorders is not the objective of the study(221). It is also comparable to previous studies investigating HFI and child behaviour(103,108).  

7.3.2.3 Mediating variable: parent mental health
Parent mental health was self-reported and measured symptoms of anxiety, using the seven-item Generalised Anxiety Disorder Questionnaire (GAD-7), and symptoms of depression, using the eight-item Patient Health Questionnaire (PHQ-8). The total score for each questionnaire is the sum of its respective items, with greater scores indicating worse mental health (greater symptoms of anxiety depending on the questionnaire). Both questionnaires are validated for use in adults and ask questions on symptoms experienced over the past two weeks(222,223).

7.3.2.4 Covariates
Key sociodemographic factors determining the relationship between HFI, parent mental health and child behaviour were identified in the literature(103,108,217,218). A subjective measure of financial insecurity was also included where parents answered questions on “how well their household was managing financially these days”. Detailed information on the categories used for the sociodemographic characteristics and financial insecurity variable, and their coding are provided in Appendix E2.

Child gender was included because male children are more likely to exhibit externalising symptoms while female children are more likely to exhibit internalising behavioural symptoms(207,224). Additionally, there is evidence of gender and differences for HFI reporting in children(143). Child age was included as older children have greater awareness of food insecurity, as well as their parent’s mental health symptoms than younger children(143,225). Child ethnicity was included as ethnic minorities are more likely to be food insecure than White families in the UK, and there is evidence to suggest that ethnicity has an influence on child behavioural problems(226). Household size was included as larger households are at higher risk of HFI and child behavioural problems than smaller households(227). Living in larger households may cause emotional distress from overcrowding, however additional social support received in larger households may improve mental health in adults(227,228). Maternal age was included as households with younger heads of the households are more likely to experience HFI(229). Older maternal age may protect against child behaviour problems while younger maternal age may be a risk factor for poor mental health symptoms(230,231).

Parent cohabitation status was included as single-parent families are more likely to experience HFI(26,232). Single parenting is also a risk factor for child behavioural problems and parent mental health problems(232,233). Highest household education level is associated with HFI, low socioeconomic class (SES), poor parent mental health and behavioural difficulties (233,234). Child free school meals (FSM) eligibility, which is a means-tested benefit and is a proxy for socioeconomic deprivation and family income(235). SES was represented by an adapted National Statistics Socio-economic Classification (NS-SEC) where NS-SEC1 represented the highest SES and NS-SEC6 represented a household where both parents were unemployed (this sixth classification was created by the lead author in response to the employment questions in the BiB adult survey)(236). Families who are of lower SES and those where both parents are unemployed families are more likely to experience HFI, poorer mental health and child behavioural problems(17).

Parent perception of financial insecurity was included as a covariate in secondary analysis due to its close association with HFI(229). Children whose families face general economic hardships exhibit greater behavioural difficulties(237). Perceived financial insecurity can also impact parent emotional-wellbeing and mental health symptoms which can have detrimental impact on child health(153,237). 

7.3.3 [bookmark: _Toc206700665]Statistical analysis
Descriptive data were reported as percentages, means and standard deviations (SD) for the whole sample and complete cases. The percentage of missing data in the whole sample was also reported. Analyses were conducted using complete cases. Multiple imputation was not performed in the analysis presented in this chapter, to avoid adding further complexity to the already inherently complex nature of the structural equation modelling framework, specifically to minimise the risk of introducing additional uncertainties into the model estimates and results. 

7.3.3.1 Confirmatory factor analyses 
Confirmatory factor analyses (CFA) were performed to examine factorial validity of the parent mental health PHQ-8 items and GAD-7 items, and the child SDQ items for their latent constructs. the CFAs helped identify whether any modifications were necessary to adapt the scales for the specific characteristics of the study sample. Alternative latent factor structures were evaluated for parent mental health (e.g. two-factor depression and anxiety structures versus a higher-order parent mental health latent structure encompassing both), and also for child behaviour (e.g. a 5-factor structure encompassing emotional, conduct, hyperactivity, peer-problems and prosocial versus a 3-factor structure encompassing internalising, externalising and prosocial behaviours. CFA’s of three- and 5-factor structures for the SDQ have been compared previously in the literature(238). 

The parent mental health CFA and child behaviour CFA with the best model fit for the sample were chosen for inclusion in the SEM. The best model fit was determined by the following thresholds: standard root mean residual (SRMR) <0.08, comparative fit index (CFI) and Tucker Lewis index (TLI) >0.90 (preferable >0.95), root mean square error of approximation (RMSEA) ≤0.08 ((239) 

7.3.3.1 Primary analysis
The direct relationship between HFI and child internalsing, externalising and prosocial behaviour with and without the addition of covariates were evaluated using ordinary least squares (OLS) regression. A SEM was created to test the hypothesis that HFI was indirectly associated with greater behavioural difficulties via poor parent mental health (anxiety and depression) acting a mediator. The mediation model was subject to covariate adjustment based on theoretical frameworks and prior empirical evidence. Initially, all covariates were included in the model, but the final model retained only those that demonstrated statistical significance. Due to low numbers of children in the sample residing in single-parent families this variable was removed from the analysis. The final model was adjusted by child gender, child ethnicity, maternal age, FSM-eligibility, household size and NS-SEC.

7.3.3.2 Secondary analysis
As a secondary analysis, subjective financial insecurity was included as a covariate to adjust for the relationship between HFI and parent mental health. This was conducted with an aim to isolate the impact of HFI on child behaviours from perceptions of general economic hardship. 

7.3.3.3 Sensitivity analysis
A sensitivity analysis was conducted to evaluate the potential impact of temporal misalignment between the HFI and SDQ questionnaires, caused by staggered recruitment during the COVID-19 pandemic. The HFI questionnaire assessed food insecurity over the preceding 12 months, so including SDQ surveys conducted more than 12 months after the HFI questionnaire may have introduced temporal inconsistencies. To address this, children whose SDQ surveys were completed more than 12 months after their HFI questionnaires were excluded in this sensitivity analysis, to determine whether this exclusion affected the overall findings. 

Additionally, in a second sensitivity the binary HFI measure was replaced with a continuous measure of HFI (the sum of the raw survey item scores for each child). A continuous measure can capture severity and a dose-response relationship and helps to use as much of the information as possible (which is lost when collapsing the HFI information into binary categories). In a small sample size, a continuous measure of HFI may also be preferable as it reduces the number of parameters and increase statistical power within the mediation model.  

7.3.3.4 Model fit estimation and fit 
Models were estimated using the weighted least squares mean and variance adjusted (WLSMV) estimation, which is appropriate for handling categorical data. WLSMV was appropriate for analysing categorical and non-normally distributed data in this sample to adjust for these characteristics to produce accurate parameter estimates and reliable standard errors. The model was set to run for 1000 iterations, to allow the model to converge and ensure parameter estimates were stable. The analysis used 100 random sets of starting values, to increase the likelihood of finding the best-fitting solution. 

Similarly to the CFAs, for the SEM, model fit statistics were computed, and the following thresholds were used: Standard root mean residual (SRMR) <0.08, Comparative Fit Index (CFI) and Tucker Lewis Index (TLI), acceptable at >0.90. The Root Mean Square Error of Approximation (RMSEA) was also computed, values ≤0.08 considered acceptable fit and values ≤0.06 was considered good fit. 

Data manipulation and descriptive statistics were performed in R Studio version 11 and modelling was conducted in MPlus version 8.10 (Muthen & Muthen). 

7.4 [bookmark: _Toc206700666]Results
7.4.1 [bookmark: _Toc206700667]Descriptive statistics

Descriptive statistics are presented in Table 15. The whole sample (n=1763) contained a large proportion of missing data for food insecurity, sociodemographic variables, parent mental health indicators (PHQ-8 and GAD-7 items) and child behavioural outcomes. A total of n=290 children had complete case data and were analysed in this study. In the complete cases, mothers completed the surveys. For complete cases, the mean child age was 9.25 years (SD=0.67), and mean maternal age was 37.25 years (SD=5.34). Most children were female (54%), and most resided in households where parents were cohabitating (98%). Approximately half of children resided in households where the highest educational attainment level was A-level equivalent or higher. Most children were of Asian ethnicity (65%), with the rest white (29%) and of other ethnic group (5.5%). 59% of children lived in households with <5 members, and most were not FSM-eligible (80%). The majority of parents reported no subjective financial insecurity (72%). Approximately 32% of households were categorised as NS-SEC1, 12% NS-SEC2, 24% NS-SEC 3, 9% NS-SEC 4, 14.5% NS-SEC5 and 8% in NS-SEC6. The mean parent PHQ-8 score was 2.68 (SD=4.33) and mean GAD-7 score was 1.44 (SD=0.81). 

	Variable
	Measurements.

	All participants (N=1763)
	Complete cases (n=290) 

	Food security status
	Food secure 
	331 (18.77)
	263 (90.69) 

	
	Food insecure 
	34 (1.93) 
	27 (9.31) 

	
	Missing (%)
	1398 (79.30)
	· 

	Participant Type 
	Mother
	767 (43.50)
	290 (100)

	
	Father 
	5 (0.28) 
	0

	
	Missing (%) 
	991 (56.21)
	· 

	Child age 
	Years mean / sd
	9.30 (0.80)
	9.26 (0.67) 

	
	Missing (%)
	1016 (57.63)
	- 

	Mothers age 
	Years mean / sd
	37.46 (5.53)
	37.25 (5.34) 

	
	Missing (%)
	991 (56.21)
	· 

	Child Gender 
	Male (%)
	863 (48.95)
	134 (46.21)  

	
	Female (%)
	900 (51.05)
	156 (53.79)

	
	Missing (%)
	-
	

	Cohabitation status
	Married and or/unmarried and living with partner (%)
	666 (37.78) 
	284 (97.93) 

	
	Not living with partner (%)
	106 (6.01) 
	6 (2.07) 

	
	Missing (%)
	997 (56.55)
	- 

	Highest education level of the household
	Up to 5 or more GCSEs at grade A-C/ or equivalent (including don’t know, other, and no qualification)
	398 (22.58)
	144 (49.66) 

	
	A level equivalent or higher (%)
	372 (21.10)
	146 (50.35) 

	
	Missing (%)
	993 (56.32)
	- 

	Ethnicity 3-level
	White (%) 
	659 (37.38)
	85 (29.31) 

	
	Asian (%)
	971 (55.08)
	189 (65.17) 

	
	Other (%) 
	132 (7.49)
	16 (5.52) 

	
	Missing (%)
	1 (0.06)
	- 

	Household size  
	 ≤5 members (%)
	477 (27.06)
	170 (58.62) 

	
	>5 members (%)
	282 (16.00)
	120 (41.38) 

	
	Missing (%)
	1004 (56.94)
	- 

	FSM status
	Yes (%)
	345 (19.57)
	58 (20.00) 

	
	No (%)
	1090 (61.83)
	232 (80.00) 

	
	Missing (%)
	328 (18.60)
	- 

	Struggling financially
	No (%)
	552 (31.31)
	210 (72.41) 

	
	Yes (%)
	215 (12.20)
	80 (27.59) 

	
	Missing (%)
	996 (56.49)
	

	Final NSEC 2 household 
	Managerial, administrative and professional occupations (%)
	217 (12.31)
	93 (32.07) 

	
	Intermediate occupations (%)
	65 (3.69)
	36 (12.41) 

	
	Small employees and own account workers (%)
	138 (7.83)
	69 (23.79) 

	
	Lower supervisory and technical occupations (%)
	67 (3.80)
	27 (9.31) 

	
	Semi-routine and routine occupations (%)
	103 (5.84)
	42 (14.48) 

	
	Unemployed both parents
	50 (2.84)
	23 (7.93) 

	
	Missing (%)
	1123 (63.70)
	- 

	PHQ-8 score (Parent Depression) 
	Mean (sd)
	3.72 (4.74) 
	2.68 (4.33) 

	
	Missing (%) 
	997 (56.55) 
	· 

	GAD-7 score (Parent Anxiety) 
	Mean (sd)
	2.93 (4.53) 
	1.44 (0.81) 

	
	Missing (%) 
	1002 (56.83) 
	· 

	Mean SDQ sub-scale 
	Conduct score 
	1.59 (1.65) 
	1.52 (1.68) 

	
	Missing (%)
	1004 (56.94)
	· 

	
	Emotional score 
	2.16 (2.08)
	1.98 (1.97) 

	
	Missing (%) 
	1007 (57.12)
	-

	
	Hyperactivity score 
	3.33 (2.58) 
	3.16 (2.54) 

	
	Missing (%) 
	1004 (56.94)
	

	
	Peer problem score 
	1.59 (1.68) 
	

	
	Missing (%) 
	1006 (57.06) 
	

	
	Prosocial score 
	8.72 (1.73) 
	

	
	Missing (%) 
	1004 (56.94)
	


[bookmark: _Ref190778320][bookmark: _Toc206702264]Table 15: Descriptive statistics of the BiB1000 children and their households, with mean child SDQ sub-scale scores, parent GAD-7 and PHQ-8 scores.
7.4.2 [bookmark: _Toc206700668]Confirmatory factor analysis for parent mental health survey items 
Five CFAs were conducted to evaluate alternative factor structures for the PHQ-8 items and GAD-7 items which were used to measure aspects of parent mental health (Appendix F1). The best fitting model specified PHQ-8 items loading onto a latent depression factor, and GAD-7 items loading onto a latent anxiety factor. These two first-order factors (depression and anxiety) in turn loaded significantly onto a higher-order factor, parent mental health, which captured their shared variance. The higher-order factor captured the shared variance between ‘depression’ and ‘anxiety’. Model fit indices indicated good fit: SRMR = 0.045, CFI = 0.98, TLI= 0.98. RMSEA =0.054. 

7.4.3 [bookmark: _Toc206700669]Confirmatory factor analysis for child behaviour SDQ items
Eleven CFAs were performed to evaluate alternative 5-factor (emotional, conduct, peer-problems, hyperactivity and prosocial), 3-factor (externalising, internalising and prosocial), 2-factor (total difficulties and prosocial) and 1- factor (child mental health as one factor) structures, with and without cross-loading and with correlated errors for similarly worded questions (Appendix F2). A 3-factor model structure (internalising, externalising, and prosocial) with cross-loading of positively worded items from the difficulties subscales and correlated errors for similarly worded items on the hyperactivity scale, provided the best model fit for the data. Covariances were estimated between the three latent factors, to reflect expected relationships between these constructs. Model fit indices indicated good fit: SRMR = 0.075, CFI= 0.963, TLI= 0.95, RMSEA= 0.03.

7.4.4 [bookmark: _Toc206700670]Direct relationships between HFI and child behavioural outcomes

A simple linear regression model was conducted to evaluate the impact of HFI on child internalising, externalising and prosocial scores with and without covariates. Results of adjusted and unadjusted models are presented as unstandardised coefficients and 95% confidence intervals (CI) in Table 16. Unstandardised beta coefficients represent the expected difference in the outcome variable (e.g. internalising scores) between food insecure and food-secure children. For example, the beta-coefficient for internalising scores (second column of Table 16) is 0.16 (95% CI 0.01 to 0.31) which means that food insecure children have on average of 0.16 points higher internalising scores compared to food secure children. Additionally, as the 95% CI does not include 0, the estimate is statistically significant at the 0.05 level. In the unadjusted analysis, there was a statistically significant association between HFI and greater internalising scores (β =0.16, 95% 0.01 to 0.31), and HFI and externalising scores (β=0.41, 95% CI 0.08 to 0.74). The relationship between HFI and prosocial behaviour was negative but not statistically significant (β= -0.31, 95% CI -0.68 to 0.06). After adjusting for covariates (child gender, ethnicity, maternal age and FSM-eligibility), HFI was statistically significantly associated with greater externalising scores (β=0.40, 95% CI 0.04 to 0.76), but not internalising or prosocial scores.
 
	Outcome variable
	Co-efficient (β) 
	95% CI
(unadjusted) 
	Co-efficient (β) 
	95% CI 
(adjusted)

	Internalising 
	0.16*
	0.01– 0.31
	0.15
	-0.01– 0.30

	Externalising
	0.41*
	0.08 – 0.74
	0.40*
	0.04– 0.76

	Prosocial
	-0.31
	-0.68– 0.06
	-0.27
	-0.66 – 0.12


[bookmark: _Ref190778367][bookmark: _Toc206702265]Table 16: Model results for unadjusted and adjusted relationship between HFI and child behaviour: Adjusted by child gender, maternal age, FSM-eligibility, child ethnicity and NS-SEC.
7.4.5 [bookmark: _Toc206700671]Primary analysis: results of the mediation model 

The final model is presented in a path diagram as illustrated by Figure 15. Model fit indices indicated good fit for the data (SRMR = 0.085, CFI= 0.981 and TLI = 0.980 and RMSEA = 0.022). The direct associations between key model variables are presented as unstandardised beta coefficients and 95% confidence intervals in Table 17. Interpretation of the results are the same as describe as above. In the SEM, HFI was not directly associated with internalising, externalising or prosocial behaviours. There was no direct association between HFI and the child behavioural outcomes. HFI was associated with greater parent mental health symptoms (β=0.63, 95% CI 0.28 to 0.98), and greater parent mental health symptoms of (anxiety and depression) were associated with greater child internalising (β=0.19, 95% CI 0.10 to 0.28), and externalising scores (β= 0.46, 95% CI 0.35 to 0.57) and lower prosocial scores. Indirect associations between HFI and child behaviour via parent mental health are presented in Table 5. The indirect effects of HFI on child internalising, externalising and prosocial behaviour via parent mental health were significant. 

7.4.6 [bookmark: _Toc206700672]Secondary analysis: results of the mediation model with inclusion of parent’s subjective financial insecurity as a model covariate
In the secondary analysis, parent’s perception of subjective financial insecurity was added to the model to adjust for the relationship between HFI and parent mental health. The model showed good fit (SRMR = 0.085, CFI = 0.98, TLI = 0.8, RMSEA = 0.022). Results for the direct association between subjective financial insecurity are presented in Table 17, which show that parents who perceive themselves as financially insecure have greater parent mental health symptoms (of anxiety and depression) (β=0.53, 95% CI 0.26 to 0.80). In the presence of subjective financial insecurity, HFI was still associated with greater parent mental health symptoms (of anxiety and depression) (β=0.44, 95% CI 0.08 to 0.80), which suggests that HFI has a unique impact on parent mental health than general economic hardships. 

In the secondary analysis, HFI did not have a direct relationship with internalising, externalising or prosocial behaviours after adjusting for covariates (see Table 17). In this secondary SEM (see Table 18), HFI was indirectly associated with greater externalising behaviour scores (β=0.19, 95% CI 0.03 to 0.36) and had a borderline association with greater internalising behaviour via parent mental health (β=0.08, 95% CI 0.00 to 0.15) via poor parent mental health. 

7.4.7 [bookmark: _Toc206700673]Sensitivity analysis
In the first sensitivity analysis, three children whose HFI and SDQ surveys were completed more than 12 months apart were removed and the model results are presented in the Appendix F3. The removal of these children did not make a difference to the model results. In the second sensitivity analysis, the binary HFI variable was replaced with a continuous HFI measure and made the total effect (indirect and direct) of HFI on internalising and externalising behaviour (via parent mental health) statistically significant. Results of this second sensitivity analysis are presented in Appendix F4. 
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[bookmark: _Toc206702341]Figure 15: Model path diagram for the primary mediation model. Solid lines represent statistically significant associations and dashed lines represent non-statistically significant associations at the p<0.05 alpha level.

	Direct associations 
	Primary analysis
	Secondary analysis

	
	β (SE) unstandardised
	95% CI
unstandardised
	β (SE) unstandardised
	95% CI
unstandardised

	HFI to parent mental health (a)
	0.63 (0.18) *
	0.28 – 0.98
	0.44 (0.18)*
	0.08 – 0.80

	HFI to Internalising 
	0.05 (0.09)
	-0.12 – 0.21
	0.03 (0.08)
	-0.13 – 0.20

	HFI to externalising 
	0.12 (0.17)
	-0.23 – 0.55
	0.11 (0.18)
	-0.23 – 0.46

	HFI to prosocial 
	-0.18 (0.20)
	-0.57 – 0.22
	-0.12 (0.20)
	-0.52 – 0.28

	Parent mental health to internalising behaviour 
	0.19 (0.05)*
	0.10 – 0.28
	0.42 (0.06)*
	0.08 – 0.26

	Parent mental health to externalising behaviour 
	0.46 (0.06)*
	0.35 – 0.57
	0.53 (0.06)*
	0.33 – 0.56

	Parent mental health to prosocial behaviour
	-0.16 (0.06)*
	-0.28 – -0.03
	-0.15 (0.07)*
	-0.27 – -0.02

	Subjective financial insecurity and parent mental health
	-
	
	0.53 (0.14)*
	0.26 – 0.80



[bookmark: _Ref187318157][bookmark: _Toc206702266]Table 17: Direct relationships between key model components. Adjusted by key covariates. *Denotes p-value <0.05, showing statistical significance. 







	
	
	Primary analysis
	Secondary analysis

	Association 
	Pathways
	β (SE) unstandardised 
	95% CI
unstandardised
	β (SE) unstandardised 
	95% CI
unstandardised

	Total (direct and indirect)
	HFI to Internalising and HFI to internalising via parent mental health
	0.16 (0.09)
	-0.01– 0.34

	0.11 (0.09)
	-0.06 – 0.27

	Total indirect (a x b)
	HFI to Internalising via parent mental health
	0.12 (0.05)*
	0.03 – 0.21
	0.08 (0.04)
	0.00 – 0.15

	Total (direct and indirect)
	HFI to externalising + HFI to externalising via parent mental health
	0.40 (0.18)*
	0.04 – 0.76

	0.31 (0.19)
	-0.06 – 0.68

	Total indirect (a x b)
	HFI to externalising via parent mental health
	0.29 (0.09)*
	0.12 – 0.46
	0.19 (0.08)*
	0.03 – 0.36

	Total (direct and indirect) 
	HFI to prosocial + HFI to prosocial via parent mental health
	-0.28 (0.20)

	-0.68 – 0.13

	-0.18 (0.21)
	-0.59 – 0.23

	Total indirect (a x b)
	HFI to prosocial via parent mental health
	-0.10 (0.05)*
	-0.19 – -0.01
	-0.06 (0.04)
	-0.14 –0.01


[bookmark: _Ref187318224][bookmark: _Toc206702267]Table 18: Total and indirect pathways from HFI and child behaviour via parent mental health. *Denotes statistical significance 
7.5 [bookmark: _Toc206700674]Discussion 

7.5.1 [bookmark: _Toc206700675]Summary of results
This current study tested the direct association between HFI and child externalising, internalising and prosocial behaviours, and indirect association explained by parent mental health as a mediator. This is the first study to examine the direct impacts of HFI and child behavioural outcomes, and indirect impacts mediated by parent mental health, in school-aged children aged 7-11 years old within the UK, using data from the BiB1000 study. In this study, HFI was directly associated with greater internalising and externalising scores and lower prosocial scores in unadjusted analysis. After covariate adjustments, HFI only had a direct associated with greater externalising scores. HFI was indirectly associated with child internalising, externalising and prosocial behaviour via greater parent mental health symptoms (depression and anxiety). When adding parent perception of financial insecurity as a covariate in the model, the indirect impact of HFI on greater externalising behavioural difficulties via greater parent mental health symptoms of depression and anxiety was observed. 

7.5.2 [bookmark: _Toc206700676]Interpretation of the results
Direct relationships between HFI and child internalising and prosocial behaviour were insignificant after adjusting for covariates, which suggested that covariates including FSM-eligibility, maternal, age, child ethnicity, gender and socioeconomic status played a more substantial role in shaping these behaviours than HFI itself. For example, there is evidence that ethnic minorities, female children and children of lower socioeconomic status are more likely to display greater internalising behaviours(226,240,241). 

HFI was directly associated with greater externalising behaviour difficulties after covariate adjustment. This may be explained by the impact of poor diet on behaviour, where there is evidence that micronutrient deficiencies contribute to hyperactivity/inattention and poor conduct, characteristics of externalising behaviours. Micronutrient deficiencies and unhealthy eating habits have also been associated with ADHD and child externalising behaviours(163,208,242). Additionally, awareness of food scarcity in the home may cause feelings of stress, stigma and agitation in children which manifest as externalising behavioural symptoms(243). 

In the primary analysis, parent mental health explained the indirect relationship between HFI and all child behavioural outcomes. These findings aligned with the initial hypothesis that was consistent with The Family Stress Model and previous studies of HFI and child behaviour (103,108,153). HFI places significant stress on parents and poor parents’ mental health can have negative implications on parent-child interactions which may lead to child behavioural difficulties, particularly externalising behaviours(244). Studies have shown that children whose parents show greater parental warmth towards them exhibit greater prosocial behaviour(33,108,245). School-age children may be aware of their parent’s emotional distress in response to hardships such as food insecurity. Behavioural difficulties displayed by children may be a result of awareness of their parents mental health and a response towards poor parent-child dynamics as a result of parent psychological distress(244,246) Food insecure parents may forgo their own meals so they can feed their children, which may contribute to poor mental health and a cascading approach to strained parent-child relationships and subsequent poor child behaviour(153,160,246,247). 

When parental perception of financial insecurity was added as a covariate in the model, parent mental health still explained the relationship between HFI and greater child externalising scores. This suggests that the impact of child externalising behaviour mediated by parent mental health is specifically tied to the unique stressors related to inadequate to food, rather than general economic hardships. It is possible that children are more aware of HFI than general economic hardships (children may be aware that food resources are low but not aware about bills), as they may be shielded of these hardships by parents and other family members(248). 

7.5.3 [bookmark: _Toc206700677]Comparison with previous studies
There is mixed evidence in the literature regarding a direct relationship of HFI with child internalising and externalising behaviour in children of similar age groups to the ones in this study(7,217). While studies have found direct associations between HFI and child behavioural problems after controlling for sociodemographic characteristics, others have failed to establish a direct relationship after controlling for these covariates(108,249). While the evidence of a direct relationship between HFI and child behaviour is debated, the findings from this study are consistent with the literature that reports parent mental health is a significant mediator between these pathways(103,108,250). 

7.5.4 [bookmark: _Toc206700678]Strengths and limitations 
The study explored the association between HFI and child behaviour, via parent mental health as a mediator using a robust analytical approach. The study hypothesis was based on the established Family Stress Model, and previous US-based literature examining similar relationships(108,153). This study makes a significant contribution to the evidence base by being the first study, to the author’s knowledge, to investigate these relationships using a UK child dataset. This was also the first study to the authors’ knowledge to account for parent anxiety as part of the parent mental health construct. Three behavioural domains were investigated to provide a comprehensive assessment of the impact of HFI on child behaviour, which included prosocial behaviour, which has previously not been extensively researched.  CFA supported a 3-factor over a 5-factor model for the SDQ, which aligned with the previous literature (238,251). The robustness of this study’s results were demonstrated by conducting a secondary analysis which isolated the impact of HFI from wider parent perceptions of financial insecurity and sensitivity analysis which accounted for the time-lag between HFI and SDQ data collections. 

A notable limitation of this study was the large proportion of missing data, particularly for HFI, which resulted in the small sample analysed in this study. A constrained sample size may have limited the generalisability of the results. The substantial missing data for HFI indicates areas for improvements for data collection in food insecure families which may be considered hard-to-reach groups. Another limitation of the small sample size of the study was that it was unfeasible to estimate the impact of HFI severity on child behaviour. Using a continuous measure of HFI in a sensitivity analysis showed that greater HFI total scores were associated with greater total internalising, and externalising behaviours, which suggests that more severe HFI may be associated with greater child behavioural difficulties, and this has been demonstrated in previous studies(252). A further limitation of the sample size was that cohabitation status could not be included as a covariate. An explanation for this may be that single parents did not have time to complete the surveys when invited by the study. 

In the BiB1000 study, HFI was collected at 12 months post-partum using the USDA 18-item survey for HFI and not again until the Growing Up follow up which is used in this study. Thus, it was not possible to assess the data to visualise cause and effect or patterns that would be possible using longitudinal data rather than the cross-section of the data that was used. The study assumed that HFI had impact on parent mental health which subsequently led to poor child behaviour. However, it is also likely that child behavioural difficulties could have contributed towards and/or exacerbated parent mental health depressive and anxious symptoms in food insecure populations. Due to the study design, it was also uncertain whether the impact of HFI on child behaviour and/or parent mental health was a result of chronic or acute exposure to HFI.

7.5.5 [bookmark: _Toc206700679]Areas for further research
Future studies should evaluate the association between impact of HFI severity and duration on child behavioural outcomes. A future study may incorporate the relationships between parent mental health with parent stress, and parent warmth as mediators in series within the SEM. Adding these variables may further understanding of the mechanisms by which HFI indirectly impacts child behaviour, identifying more pathways that could be framed as targets for interventions aiming to improve the impact of HFI on child behaviour(103,108,153). Furthermore, it may be insightful to stratify the analysis by gender, as female children tend to show greater internalising symptoms, while males tend to display greater externalising behaviours(210) 

7.5.6 [bookmark: _Toc206700680]Practical implications of the research
The results of this study can help policymakers to target interventions which aim to improve the impact of HFI on child behaviour. For example, a universal school food provision could alleviate the feelings of shame associated with awareness of HFI and economic hardships in children, leading to improved behaviour(253). There is evidence that universal school food provisions can also remove stigma associated with HFI for parents, which may have positive implications for their mental health and subsequent improvements on their parenting. Studies also show that parents who have better mental health have a greater ability to shield children from poverty-related stressors(248). Policymakers may consider the design of interventions that can improve parent’s mental health in food insecure population or reevaluate existing social welfare policies (e.g. the two-child policy) that may contribute towards HFI(28). Improving parent mental health and alleviating financial pressures in food insecure households could improve child behaviour outcomes. Policy makers should consider the positive implications of improving child behaviour on child life trajectories, that may contribute towards improvements in health, employment and economic benefits in adulthood. 

7.6 [bookmark: _Toc206700681]Conclusion
This is the first study that examined the complex relationships between HFI, parent mental and child behavioural difficulties using a UK school-age child dataset. This study highlighted the importance of considering the non-nutritional impact of HFI on parent mental health, and the parent and child dynamic when evaluating the influence of HFI on child behaviour. The study found that the addition of maternal age, socioeconomic status, FSM-eligibility and child gender confounded the association between HFI and child internalising and prosocial behaviours. This suggests that these wider determinants of health should be considered by policymakers when aiming interventions for behavioural improvements in food insecure child populations. Finally, the impact of HFI on child externalising behaviour via parent mental health was unique to the impact of parent’s perception of financial insecurity. Policymakers should consider designing or re-evaluating interventions which support both children and their parents, such as universal school-based food interventions which may alleviate the effects of HFI on child behaviour via the nutritional and non-nutritional pathway. 

[bookmark: _Toc206700682]8. General discussion 
[bookmark: _Toc206700683]8.1 Chapter overview
This chapter aims to provide a discussion of the research presented within this thesis and outlines the conclusions and recommendations for further research. Section 8.2 presents a summary of the research and Section 8.3 describes the key contributions of the thesis by integrating the findings of the individual chapters. Section 8.4 discusses how the findings create opportunities for further research, providing recommendations. Section 8.5 provides the conclusion of the research in this thesis. 
[bookmark: _Toc206700684]8.2 Thesis summary
In the UK, household food insecurity (HFI) is disproportionately present in households with children and can have a detrimental impact on child health and development, making it potentially a matter of public health concern(4). While school-based feeding interventions were in many cases originally developed to improve educational attainment, these may have additional beneficial implications for both child health and reducing health inequalities(63). Despite this, no previous health economics models of HFI and child health were identified, nor cost-effectiveness models evaluating school-based feeding interventions for their impact on HFI-related child health and related costs. In response to this evidence gap, this thesis aimed to develop a design-based conceptual model of HFI and child health outcomes for the purposes of building a future public health economics model that could be used to evaluate UK school-based feeding interventions for their impacts on HFI-related child health. 

The work conducted in this thesis is timely and sits within a topical area which is of current interest to the Government, academic researchers and charitable organisation such as the Food Foundation. For example, in 2024 the Labour Government announced a new Child Health Action Plan that pledges to improve child health and to develop a strategy for improving child poverty(254). In January 2025 the Government also introduced a Children’s Wellbeing and Schools bill, with plans to improve school food provision (e.g. legal entitlement of primary school children to access breakfast clubs) with an aim to safeguard disadvantaged children and create cost-savings for low-income families(255).   Additionally, within the last couple of years, the National Institute for Health and Care Research (NIHR) have announced funding for projects exploring HFI in relation to diet quality, with one examining impact in secondary school aged children(256). The work in thesis makes a valuable contribution to the evidence base that will be used to develop these wider initiatives and research projects. This research can help policymakers design interventions that aim to improve child health inequalities related to HFI and re-assess the role of school-based feeding interventions as public health interventions for their impacts on child health. 

This research is interdisciplinary and combines theories and practices rooted in public health, health economics, econometrics and epidemiology to meet the thesis aims. The diversity of methods employed in the thesis ensured a comprehensive multifaceted approach to meet the research objectives. This PhD produced novel research in three main topics. Firstly, a systems approach was employed to develop a novel problem-based conceptual models of HFI and child health with anticipated impacts of school-based feeding interventions in the UK. Secondly, the thesis developed a novel design-based conceptual model of HFI that included pathways between HFI and child diet quality, HFI and child behaviour and HFI and child behaviour via parent mental health. Thirdly, two empirical studies were produced which examined the aforementioned relationships between HFI and child diet and behaviour using the Born in Bradford 1000 (BiB1000) Growing Up data in children aged 7-11 years. By investigating these relationships, this thesis contributes to the literature that seeks to understand how HFI leads to poor child health outcomes and where intervention impacts may have meaningful impact, which is an imperative early step in developing a credible future public health economics model of this research problem. 
[bookmark: _Toc206700685]8.3 Key contributions of the thesis
[bookmark: _Toc206700686]8.3.1 Novel problem-based conceptual models of HFI and child health

To develop a public health economics model of HFI and child health that could be used to evaluate school-based feeding interventions it was firstly important to develop a comprehensive understanding of the research problem(88). To do this a complex systems approach was adopted and illustrated by two novel static and dynamic problem-based conceptual which illustrated the relationships between HFI, child health and anticipated intervention impacts(69). The model building process was guided by published guidance that was specifically designed to help modellers undertake conceptual modelling of complex public health interventions(86,88). The problem-based conceptual models presented in this thesis are the first that were developed for the purposes of building a health economics model of HFI and child health and were informed by both the literature and stakeholder expert opinion. The problem-based conceptual modelling development process was iterative and the work for this spanned across chapters 1 to 4.

In Chapter 1 the rationale for developing a health economics model for HFI and child health that could be used to evaluate school-based feeding interventions for their impacts on child health was provided. 

In Chapter 2, a rapid literature review summarised results from quantitative studies explaining how HFI affected child health in Western high-income countries (HICs), which focussed on mechanisms (nutrition and mental health) and provided an overview of key associations between HFI and various child health outcomes. Longitudinal studies provided insights into potential mechanisms, such as parent mental health playing a mediatory role to explain indirect relationships between HFI and child behaviour and mental health(103,109). A lack of UK-based studies examining the impact of HFI on child health was identified as an evidence gap in the literature. The results of this review informed the design of the preliminary problem-based conceptual model, which also included the sociodemographic factors that were found to be determinants of HFI. The review in this chapter is currently in the revise and resubmit stage of the review process for the Public Health Nutrition journal. Once HFI-related outcomes were identified by the review in Chapter 2, a second rapid literature review in Chapter 3 was conducted to summarise the cost-effectiveness and effectiveness of school-based feeding interventions in the UK. 

In Chapter 3 a rapid literature review summarised that key school-based feeding interventions were associated with several HFI-related child health outcomes. Interventions were associated with improvements to child diet quality, child behaviour, parent financial pressures and universal provisions improved school meal take-up and child body weight outcomes. The review found no cost-effectiveness evaluations of school-based feeding interventions estimating health and health-related costs in childhood. The review also found that intervention effectiveness was determined by sociodemographic factors, including child age, gender and deprivation(60). 

In Chapter 4 the results from the reviews in Chapters 2 and 3, stakeholder opinion and a further pragmatic review of the literature informed the final static and dynamic problem-based conceptual models of HFI and child health, which included key pathways for child diet and mental health. The stakeholder workshop was designed based on the evidence gaps identified in Chapters 2 and 3, and expert opinion added depth to the understanding of the research problem within this thesis by contextualising this problem for the UK school child populations. Based on the stakeholder feedback free school meals (FSM), universal free school meals (UFSM) and the English school fruit and vegetable scheme (SFVS), were considered the key interventions to consider. 

The novel problem-based conceptual models of HFI and child health provided key contributions to the food systems, public health, and child health policy literature. While the work to produce the models was carried out iteratively, the models were adjusted sequentially from the work across Chapters 2-4. The preliminary problem-based conceptual model in Chapter 2 contains the relationship between HFI and a plethora of child health outcomes, which means it can be re-used as a foundational theoretical framework for other studies that aim to understand these relationships, build health economics models for other research questions, or examine the impacts of other interventions that target the HFI, and child health pathways included in the model in Western HICs. This is a significant contribution to the literature, as previous conceptual models of HFI and child health have had a narrower focus (based on their research objectives), were not applicable to Western HICs or did not illustrate the breadth of impact HFI can have on child health(171–174). Previous conceptual models of HFI and child health were not applicable for public health economics modelling of school-based feeding interventions as public health interventions, and these are the first problem-based conceptual models to provide a high-level overview of HFI and child health in both a static and dynamic format with a focus to examine UK school-based feeding intervention impacts on health. Additionally, the boundary of the final static problem-based model can also be expanded to incorporate wider factors that are related to HFI and may impact child health, such as housing conditions, depending on future research objectives(103). 
[bookmark: _Toc206700687]8.3.2 A novel design-based conceptual model of HFI and child health

The guidance for developing a public health model structure was adapted and followed to develop a design-based conceptual model of HFI and child health and consider data to justify the priority relationships within the model.

In Chapter 5, a novel design-based conceptual model was developed which included priority relationships between HFI and child health which included pathways between HFI and child diet, HFI and child behaviour (also mediated by parent mental health), and identified the BiB1000 Growing Up dataset to quantify these relationships. The design of the model were informed by further simplifying the conceptual models from Chapter 4, stakeholder expert opinion, a targeted literature review of health economics models. The anticipated intervention impacts were also added to this model. Other elements of the future health economics model such as the model type, perspective, time horizon and target population were also decided. Due to the paucity of UK evidence supporting the prioritised relationships within the model structure for school-age children, it was decided that the subsequent chapters of the thesis would focus on examining these associations using a UK school-age child dataset. It was important to develop this structure and identify data to quantify the relationships, as design-based models can be adapted as new information becomes available. 

No previous microsimulation models were identified which estimated the impact of HFI on child health, which makes the design-based conceptual models in this thesis a novel contribution to the literature. Other models estimated both physical and mental health child outcomes and trajectories in adolescence and accounted for deprivation and other sociodemographic factors(176,179). HFI is a significant environmental stressor and including it as a predictor of child health (given the relationships between HFI and child health in the UK can be established) to models can provide a more nuanced understanding of economic hardship on child health trajectories. 
[bookmark: _Toc206700688]8.3.3 Two original empirical studies examining the relationship between HFI and child health outcomes

The results from the previous chapters highlighted an evidence gap for UK studies examining the correlational relationships between HFI and key health outcomes (child behaviour and diet quality) included within the model structure, in school-age children. Two novel empirical studies in Chapters 6 and 7 were the first to examine these relationships using the BiB1000 Growing Up cross-sectional study data(205). These studies used two different statistical methods and an epidemiological approach to investigate these relationships. Chapter 6 is currently being reviewed by the Public Health Nutrition journal and Chapter 7 has been prepared as a manuscript for publication. 

In Chapter 6, multivariate linear regression models stratified by ethnicity, did not find an association between HFI and changes in mean fruit and vegetable scores or mean non-core foods scores in children aged 7-11 years old. The results of the study were consistent with the literature reporting mixed evidence of associations between HFI and child diet quality intake in school-age children(105,195). The chapter discussed how the parent-reported child diet measure may have introduced bias to the results, and how parent shielding of HFI may have led to the lack of association observed(257). In the study, children who were Asian, had younger mothers, lower households’ educational attainment and whose parents had greater depressive symptoms were more likely to have lower fruit and vegetable scores. Asian children who were FSM-eligible were more likely to have greater non-core food scores than those who were not. This chapter is currently under-review by a journal. 

In Chapter 7, a structural equation model (SEM) was created and found that HFI was indirectly associated with greater child externalising and internalising behaviours and lower prosocial behaviours via poor parent mental health (characterised by greater parent-reported symptoms of depression and anxiety). When parent perception of financial insecurity was added as a covariate to the model results found that parent mental health only explained the path between HFI and child externalising scores. This result suggested that the impact of HFI on child externalising behaviour was unique to the impact of general economic hardships. The results of this chapter were consistent with the US-based literature examining similar relationships between HFI, child behaviour and parent mental health(33,103,108). It was suggested that child awareness of HFI and their parents’ mental health, and the impact of the relationship between HFI and parent mental health on a strained parent-child dynamic could explain these results(153). 

Due to the small sample size Chapter 6 employed multiple imputation methods as a solution. In both Chapters 6 and 7 sensitivity analyses were used to test the robustness of the methods and strengthen the chapter findings. Chapter 6 used the R statistical programme while Chapter 7 used both R and the Mplus software for data analyses. The covariates included in the studies were identified as social determinants of HFI and child health in Chapter 2. 

The results of these empirical studies are important for an audience across a range of disciplines and provide a key contribution to the literature examining HFI and child health. It is possible that in UK children aged 7-11 years, parents are successful of shielding their children from HFI in terms of providing nutrition, however the impact this has on their mental health may cause strain to their parenting styles which has a negative impact on child behaviour(257). These results can provide targets for policymakers when designing interventions, which may act to improve child health and/or aim to improve parent mental health (e.g. by the universal provision of school food). Additionally, the findings suggest that targeting interventions in child populations should consider sociocultural factors, rather than using a one-size-fits all approach. For health economics modellers, the results of these novel empirical studies quantify the relationship between HFI and diet, and HFI and behaviour in a preliminary analysis that can be further developed to produce parameter estimates that can be used as input data for a future health economics model. 

[bookmark: _Toc206700689]8.4 Opportunities for further research
The major limitations of the research in this thesis were a lack of data availability and a limited stakeholder group that informed the conceptual models. This section will discuss these limitations and opportunities for further development, by providing suggestions that could use the findings from this thesis and develop them further to support the development of a public health economics model of HFI and child health. 
[bookmark: _Toc206700690]8.4.1 Incorporating child, parent and teacher views in conceptual models
One of the major limitations of the stakeholder workshop was the difficulty to recruit stakeholders to the workshop. In the recruitment process, youth activists from the BiteBack 2030 programme, and a schoolteacher were invited to attend the workshop, however due to conflicting schedules they did not attend. Future work should consider capturing the perspective of children as consumers of school-based feeding interventions. Children’s insights could provide firsthand insight into their experiences of HFI, how they believe it impacts their health, and their perspective on the school-based feeding interventions(258). Children may reveal additional outcomes that the current conceptual model does not consider that may influence intervention effectiveness and may be relevant for the end “hard” model. 

The viewpoint of parents could provide qualitative evidence on the home environment, resource use, and identify outcomes related or in addition to parent mental health that could help to explain the relationship between HFI and child health. Parent’s views on school-based feeding interventions could provide information on additional pathways that the current models do not capture and be important for identifying additional barriers to take-up and what they consider an ideal school food system(42,258). 

Finally, incorporating the view of teachers can provide insight into how HFI manifests in behaviour within the school-setting, could be helpful in establishing a link between behaviour and academic performance and HFI. Incorporating these viewpoints could strengthen the relevance of this research for policymakers. The perspective of children, parents and teachers could also identify behavioural factors that may influence the effectiveness of school-based feeding interventions. A new tool for incorporating the influence on behaviour in public health economics models has recently been published(81). 

[bookmark: _Toc206700691]8.4.2 Improvements for data collection 
In Chapter 3, the review identified that there was a lack of evidence for the impact of school-based feeding intervention on child behaviour and mental health symptoms and in Chapter 6 and 7 a large proportion of the BiB1000 dataset was missing particularly for HFI and child diet (80% missing). The results in Chapter 7 suggested that HFI has detrimental impact on child behaviour, however the absence of evidence of the effectiveness of school-based feeding interventions on child behaviour makes it difficult to evaluate their potential to mitigate these outcomes. Data collection can be difficult in hard-to-reach groups, such as food insecure populations, who may be less likely to trust and participate in research studies(259). For example, distrust of research has also been reported as a barrier for parent participation in child studies(260). In the BiB1000 dataset very few children had parents who were single in the whole sample (13%) and in complete cases (2%). It is possible that parents particularly single parents in the study, lacked the time to complete the survey(261).  Additionally, there may be shame and stigma associated with answering HFI questionnaires, that may pose as barriers for data collection(262). In response to these barriers, researchers measuring sensitive topics such as HFI and child health, should ensure transparency in the purposes and methods of the research, and could involve engagement with community leaders and mixed methods to enhance data collection(263).  

[bookmark: _Toc206700692]8.4.3 Examining the relationship between HFI and child health in the absence of longitudinal data
This research highlighted a lack of longitudinal studies, particularly UK studies that collected robust data for HFI and child health. The BiB1000 data was chosen to quantify the pathways within the model structure, however the analyses in Chapters 6 and 7 could only confirm correlations rather than confirm cause and effect between model components due to the cross-sectional nature of the data. Without confirming causality, it was difficult to ascertain the true directions of effect between model components. For example, in Chapter 7, results found that HFI was associated with greater parent mental health symptoms of depression and anxiety, which in turn were associated with greater child behaviour difficulties. There is evidence from the US-based literature using longitudinal studies that HFI has a bidirectional relationship with maternal depression and that poor child behaviour can worsen parent mental health, creating feedback loops(103,109,264). In the absence of longitudinal datasets for UK child populations, it is difficult to estimate the trends and patterns of these relationships over time. 

If the underlying data of the health economics model is incomplete or of a low sample size, this may lead to unreliable estimates that do not reflect the true impacts of HFI on child health, and misleading results when assessing intervention impacts on these relationships(265). Similarly, the absence of longitudinal data makes it difficult to predict the direction of impacts in the model, which has implications for building a health economics model to estimate the true impact of HFI on child health. Furthermore, the results of the empirical studies in Chapters 6 and 7 provide insights into the relationship between HFI and child diet and behaviour in children in Bradford, UK. Bradford is considered more economically deprived than other parts of the UK, and also has a large South Asian population, making it difficult to generalise the results of these studies to wider parts of the UK(198,266). 

The cross-sectional analysis together with other limitations around sample size and the generalisability of the analyses from Chapters 6 and 7 to other parts of the UK, mean that the analysis of the BiB1000 should be considered as preliminary work. This thesis recommends improvements in data collection method and collection of UK-wide longitudinal data for HFI and child health as a key priority for future research. Analysing longitudinal data, preferably UK-wide, is essential as the next step for empirically testing the direction, strength and patterns of relationships observed between HFI and diet, and HFI and child behaviour. Furthermore, where data from RCTs are available, the causal relationships between HFI and child health outcome should be assessed using this data. Due to the evidence gaps in this research base, I recommend that UK-based cohort datasets should regularly measure HFI in relation to child health. Tracking health data, including dietary data on the same child over time, will be able to provide evidence of the sustained impact of school-based feeding interventions over time, which will be valuable for assessing intervention cost-effectiveness over longer time horizons(267). Given the findings from Chapter 7 that report a relationship between HFI and parent mental health markers of depression and anxiety, and the findings from Chapter 6 which found a statistically significant relationship between parent depression and child fruit and vegetable scores, it is recommended that data on parent mental health should be collected alongside HFI for future research.

[bookmark: _Toc206700693]8.4.4 Incorporating additional model components
The conceptual modelling framework introduced in Chapter 1, recommended that potential costs and resource use pathways should be considered during the conceptual modelling process(88). Due to a lack of UK studies reporting on the relationships between core model components (Chapter 5), the priority of the conceptual modelling process was to firstly quantify these relationships. Once the relationship between these components are finalised or additional design-based conceptual models are considered, the resource use and health-related quality of life (HrQoL) data can be identified and inputted into the model. For example, if the final model contains child mental health or behaviour, costs associated with accessing services such as the Child and Adolescent Mental Health Services (CAHMS) may be considered. Additionally, productivity losses incurred by parents as a result of their child’s school absence are costs that can also be considered. In Chapter 2, HFI was associated with a lower health-related quality of life (HRQoL) in children. HRQoL in this context refers to the multidimensional aspects of a child’s health, including their physical health, emotional functioning and social relationships. The Paediatric Quality of Life Inventory (PedQL) is an example of a popular instrument used in both self-reporting and proxy (parent) reporting measures of different aspects of child health, and also school functioning(268). HrQoL associated with HFI may be included to provide a holistic perspective of child health, which could be used as outcomes in a future CUA(65). Additionally, tools such as the Warwick-Edinburgh Mental Well-Being Scale (WEMWBS) can be used to measure the mental wellbeing of children (269). The work in this thesis suggested that HFI has implications for both parents and children, therefore future modelling work could focus on both the HrQol and mental wellbeing of the child and their caregiver. However, inclusion of outcomes such as resource use and quality of life depend on the availability of the data, and a future research recommendation would be to collect this data alongside HFI for modelling purposes(270). 

[bookmark: _Toc206700694]8.4.5 Updating the design-based conceptual models of HFI and child health
The design-based conceptual model in Chapter 5 was informed by the literature and stakeholder opinions using current knowledge. The guidance for conceptual modelling for public health interventions highlights that the process of model development is a highly iterative process. This means that the original design-based conceptual model presented in Chapter 5 of this thesis may be adapted several times as new information becomes available, and a final model structure of HFI and child health is decided(86,88). The design-based conceptual model in Chapter 5 included relationships between HFI, parent mental health, and child internalising and externalising behaviours but not prosocial behaviour as no evidence of a relationship between HFI and prosocial behaviour was identified in the pre-existing literature. However, from the analysis presented in Chapter 7, an indirect relationship between HFI and prosocial behaviour via parent mental health as a mediator was found to be statistically significant. Based on this result, a future design-based conceptual model could include this relationship and prosocial behaviour, updating the current design-based conceptual model. 

In Chapter 7 it was discussed that poor parent mental health may impact parenting, such reduced parental warmth, which might explain its role as a mediator between HFI and child behavioural difficulties. This would also align with The Family Stress Model theoretical framework(153). The design-based conceptual model could be updated to include parenting styles, and these relationships could be examined as data becomes available. 

Additionally, Chapter 6 did not find a direct association between HFI and child diet quality indicators. However, it did identify that parent mental health was associated with both HFI and lower fruit and vegetable scores across the sample. There is evidence that parent mental health is associated with parenting feeding styles, which may explain this relationships, and this is relationship that could be examined using data, which may lead to further updates to the model(160). The review in Chapter 2 hypothesised that the diet and mental health key mechanistic pathways were interrelated, therefore a future design-based conceptual model may also incorporate these complex interplays and their relationships with parent mental health. 

The current design-based conceptual model includes both priority and lower priority relationships between HFI, child health outcomes and parent mental health. While the priority relationships were evaluated using the BiB datasets in Chapters 6 and 7, there is scope to examine the lower priority relationships within the current model structure. For example, it is possible that there is a bidirectional relationship between parent mental health and child behaviour which has been demonstrated in the literature, however not in the context of HFI. An updated model could look to explore this bidirectionality. Analyses of low-priority relationships may lead to updates to the current design-based conceptual model and final quantitative model structure. 

[bookmark: _Toc206700695]8.4.6 Adapting pre-existing health economics models
The review of health economics models in Chapter 5, identified a dynamic UK-based microsimulation model, LifeSim, that estimates economic, social and health outcomes across the life course using child data from the Millenium Cohort study(176). The model takes a societal perspective to predict costs health and quality-of-life outcomes, with a purpose to evaluate childhood policies. The model predicts child behaviour (conduct problems) measured by the SDQ, from parent mental health, which aligns with the findings from Chapter 7. The model is contextually relevant, and it may be possible that once the causal relationships between HFI, parent mental health and child behaviour are confirmed by further data analysis, the LifeSim model could be adapted to include a HFI module. Adapting existing health economics models is time-efficient, avoids reproducing models, and has been conducted previously in other research areas(271,272). 
8.5 Conclusion
This thesis developed a preliminary model structure of HFI and child health (diet and behaviour) which was informed by the literature and stakeholder expert opinion. The hypothesised pathways in the model were examined by multivariate linear regression models (HFI and child diet) and SEM (HFI, child behaviour and parent mental health). These empirical studies provided a novel contribution to the literature which currently lacks UK-based studies that explore the relationship between HFI and child health in school-age children. This thesis did not find an association between HFI and child diet quality, but did find an association between HFI and child behaviour mediated by parent mental health. Due to the cross-sectional nature of the data used to analyse this relationship, it was not possible to confirm patterns and trends in the data that would provide greater insight into the strength and direction of these relationships. Conducting analysis with longitudinal data that can help provide these insights will fill this research gap and will be essential for evaluating long-term impacts of HFI on child health, and intervention effects. Lack of data availability was recognised as a common limitation across the breadth of the thesis and improvements in data collection was recommended as a priority for further research. The work in this thesis provides the preliminary steps for the development of a health economics model that can evaluate school-based feeding interventions for their impact on HFI-related child health. This research provides valuable contributions to this topic area and offers a foundation for conducting further research with methodological recommendations.
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[bookmark: _Toc206700697]Appendix A: appendix for chapter two 

[bookmark: _A1:_Search_strategy][bookmark: _Toc206700698]A1: Search strategy

	Concept
	No
	Search statement

	

Concept 1: Food Insecurity
	1
	*Food Insecurity/

	
	2
	*Food Security/ 

	
	3
	Food insecurity. Ti. 

	
	4
	Food security. Ti. 

	
	5
	Food poverty. Ti. 

	
	6
	1 or 2 or 3 or 4 or 5 

	


Concept 2: Quantitative analysis
	7
	*Statistics as Topic/

	
	8
	Structural equation model*. Ti, ab. 

	
	9
	Regression. Ti, ab. 

	
	10
	Conceptual model*. Ti, ab. 

	
	11
	Theoretical model*. Ti, ab. 

	
	12
	7 or 8 or 9 or 10 or 11 

	
	13
	6 AND 12 


[bookmark: _A2:_Inclusion_and][bookmark: _Toc206700699]A2: Inclusion and exclusion criteria


	Criteria points
	Inclusion 
	Exclusion 

	Population 
	· Children and adolescents
· Households with children
· Child-parent dyads 
	· Non- human studies 
· Adults only studies (> 24 years) 

	Geography
	· High income developed countries  
	· Low-middle income countries 
· Developing countries that do not reflect the UK child and adolescent population

	Study design
	· Observational studies 
· Secondary analysis of RCTs 
	· Clinical trials 
· Systematic review


	Settings
	· Communities, schools, households
	

	Exposure of interest 
	· Household food insecurity
· Food poverty 
	

	Outcome of interest 
	· Impact of exposure on any child/adolescent health outcomes 
· Association between exposure and mediators of non-communicable diseases
· Variables identified as mechanisms 
	

	Language 
	· English language studies
	· Non- English language studies 

	Date of publication 
	· Articles published in the last 15 years 
	· Articles published over 15 years ago 

	Publication type
	· Journal articles 
	· Conference papers
· supplementary papers
· Poster presentations 



[bookmark: _A3:_Quality_assessments][bookmark: _Toc206700700]A3: Quality assessments of mechanism studies


	Author and year of publication
	Banahan 2021 

	Study identifier
	Sarah Abraham 

	Reviewer
	

	
	
	
	
	

	Biases
	Issues to consider for judging overall rating of "Risk of bias"
	Study Methods & Comments
	Rating of reporting
	Rating of "Risk of bias"

	Instructions to assess the risk of each potential bias:
	These issues will guide your thinking and judgment about the overall risk of bias within each of the 6 domains. Some 'issues' may not be relevant to the specific study or the review research question. These issues are taken together to inform the overall judgment of potential bias for each of the 6 domains.
	Provide comments or text exerpts in the white boxes below, as necessary, to facilitate the consensus process that will follow.
	Click on each of the blue cells and choose from the drop down menu to rate the adequacy of reporting as yes, partial, no or unsure.
	Click on the green cells; choose from the drop-down menu to rate potential risk of bias for each of the 6 domains as High, Moderate, or Low considering all relevant issues

	1. Study Participation
	Goal: To judge the risk of selection bias (likelihood that relationship between PF and
outcome is different for participants and eligible non-participants).
	
	
	

	Source of target population
	The source population or population of interest is adequately described for key characteristics (LIST).
	The population used for the study was sourced from the nationally representative population data from NHANES cycles 2011-2012 and 2013/2014. The key characteristics were children aged 5-7 years old and their parents. Their gender, race/ ethnicity/ household income, household size, SNAP programme participation and health outcomes information was included.
	Yes
	

	Method used to identify population
	The sampling frame and recruitment are adequately described, including methods to identify the sample
sufficient to limit potential bias (number and type used, e.g., referral patterns in health care)
	Each NHANES cycle provides data to assess the health and nutrition of children and adults residing in all 50 states and Washington DC. Selection of participants is based on a complex, multistage, probability sampling design in order to represent the noninstitutionalized US civilian population.
	Yes
	

	Recruitment period
	Period of recruitment is adequately described
	NHANES recruitment 2011/2012 cycles and 2013/2014 cycles
	Yes
	

	Place of recruitment
	Place of recruitment (setting and geographic location) are adequately described
	In home interviews and physical medical assessments (in mobile examination units). Diet was measured by trained interviewers using the NHANES computer-assisted dietary interview system. 
	Yes
	

	
Inclusion and exclusion criteria
	Inclusion and exclusion criteria are adequately described (e.g., including explicit diagnostic criteria or “zero time” description).
	The study population included children who had completed HFI surveys, dietary surveys and dental examinations and had at least 2 teeth. 

	Yes
	

	Adequate study participation
	There is adequate participation in the study by eligible individuals
	Yes, this is a survey dataset (n=4822 children)
	Yes
	

	Baseline characteristics
	The baseline study sample (i.e., individuals entering the study) is adequately described for key characteristics
(LIST).
	22.4% of the sample were aged 5-7, 30.02% were 8-11 years and 47.56% were 12-17 years. There was even split between males and females. 53% of the sample were White, 14% were Black and 24% were Hispanic, with 9% reporting “Other” ethnicity. 17% of the sample had an annual income <20,000. The mean house size was 4.5 (sd=0.03). 87% of the sample did not receive SNAP. Majority of the sample were fully food secure (57%) 
	Yes
	

	Summary Study participation
	The study sample represents the population of interest on key characteristics, sufficient to limit
potential bias of the observed relationship between PF and outcome.
	Low risk of bias was presented for the study participants. The study included population data from a large nationally representative survey. There was an adequate number of food insecure vs food secure within the population. A low risk of bias between the PF and outcome was concluded. 
	Yes
	Low

	

	2. Study Attrition
	Goal: To judge the risk of attrition bias (likelihood that relationship between PF and
outcome are different for completing and non-completing participants).
	
	
	

	Proportion of baseline sample available
for analysis
	Response rate (i.e., proportion of study sample completing the study and providing outcome data) is adequate.
	Adequate sample only samples for which data exists are included. Overall response rate of NHANES is around 70-80%
	Yes
	

	Attempts to collect information on
participants who dropped out
	Attempts to collect information on participants who dropped out of the study are described.
	This was a secondary analysis of a cross-sectional survey so no loss of drop out is reported.
	Yes
	

	Reasons and potential impact of
subjects lost to follow-up
	Reasons for loss to follow-up are provided.
	N/A 
	Yes
	

	Outcome and prognostic factor information on those lost to follow-up
	Participants lost to follow-up are adequately described for key characteristics (LIST).
	N/A
	Yes
	

	
	There are no important differences between key characteristics (LIST) and outcomes in participants who
completed the study and those who did not.
	N/A
	Yes
	

	
Study Attrition Summary
	Loss to follow-up (from baseline sample to study population analyzed) is not associated with key characteristics (i.e., the study data adequately represent the sample) sufficient to limit potential bias to the observed relationship between PF and outcome.
	There is a low risk of bias as the study used complete data from the NHANEs survey. This was a cross-sectional study and loss-to follow up was considered non-applicable. 
	Yes 
	Low

	

	3. Prognostic Factor
Measurement
	Goal: To judge the risk of measurement bias related to how PF was measured (differential measurement of PF related to the level of outcome).
	
	
	

	Definition of the PF
	A clear definition or description of 'PF' is provided (e.g., including dose, level, duration of exposure, and clear
specification of the method of measurement).
	Yes, food insecurity is measured by the USDA approved 18 item food insecurity measure for household food insecurity.
	Yes
	

	
Valid and Reliable Measurement of PF
	Method of PF measurement is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind
measurement and limited reliance on recall).
	Yes, it is a valid method of measurement and is parent reported it. The survey asks parents of HFI experienced over the past 12 months. 
	Yes
	

	
	Continuous variables are reported or appropriate cut-points (i.e., not data-dependent) are used.
	The raw scores obtained from the completed HFI surveys are summed and the sum of the affirmative responses is translated into the severity of HFI.  
Cut offs based on affirmative responses – full (no responses), marginal (1-2 responses), low (3-7 responses), or very low (8 or more responses)
	Yes
	

	Method and Setting of PF Measurement
	The method and setting of measurement of PF is the same for all study participants.
	The survey was conducted in several states the measurements used were the same.
	Yes
	

	Proportion of data on PF available for
analysis
	Adequate proportion of the study sample has complete data for PF variable.
	Yes 
	Yes
	

	Method used for missing data
	Appropriate methods of imputation are used for missing 'PF' data.
	No missing values 
	Yes
	

	PF Measurement Summary
	PF is adequately measured in study participants to sufficiently limit potential bias.
	Yes, PF is measured by a validated tool and parent reported. A low risk of bias was concluded for PF measurement. 
	
	Low

	

	4. Outcome
Measurement
	Goal: To judge the risk of bias related to the measurement of outcome (differential measurement of outcome related to the baseline level of PF).
	
	
	

	Definition of the Outcome
	A clear definition of outcome is provided, including duration of follow-up and level and extent of the outcome
construct.
	Yes – the outcome is one or more untreated dental caries 
	Yes
	

	
Valid and Reliable Measurement of Outcome
	The method of outcome measurement used is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and confirmation of outcome with valid and reliable test).
	Untreated dental caries was used as an indicator of the child’s current dental needs (no carious teeth versus 1 or more carious teeth). Diagnosis was made by diagnostic criteria and carried out by licensed examiners. Untreated dental caries was used instead of decayed, missing and filed teeth index to represent a measure of the current dental need rather than past caries. 
	Unsure
	

	Method and Setting of Outcome
Measurement
	The method and setting of outcome measurement is the same for all study participants.
	The survey was conducted in several states however the measurements used were the same.
	Yes
	

	Outcome Measurement Summary
	Outcome of interest is adequately measured in study participants to sufficiently limit potential bias.
	Yes, there is sufficient evidence which limits measurement bias of the outcomes of interest in this study.
	Yes
	Low

	

	5. Study Confounding
	Goal: To judge the risk of bias due to confounding (i.e. the effect of PF is distorted by
another factor that is related to PF and outcome).
	
	
	

	Important Confounders Measured
	All important confounders, including treatments (key variables in conceptual model: LIST), are measured.
	Yes, confounders such as age; sex, race and ethnicity, household income, household size, snap participation, oral healthcare visits and total number of teeth
	Yes
	

	Definition of the confounding factor
	Clear definitions of the important confounders measured are provided (e.g., including dose, level, and duration
of exposures).
	Yes 
Confounders such as age and sex explain themselves.
Supplemental Nutrition Assistance Programme (SNAP) supplement the budget for food for households so they can purchase healthy foods for all members and can be considered a marker of SES. 

	Yes
	

	Valid and Reliable Measurement of Confounders
	Measurement of all important confounders is adequately valid and reliable (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and limited
reliance on recall).
	The NHANES survey is self-reported for sociodemographic characteristics.
	Yes
	

	Method and Setting of Confounding
Measurement
	The method and setting of confounding measurement are the same for all study participants.
	The survey was conducted in several states however the measurements used were the same.
	Unsure 
	

	Method used for missing data
	Appropriate methods are used if imputation is used for missing confounder data.
	N/A
	Yes
	

	
Appropriate Accounting for Confounding
	Important potential confounders are accounted for in the study design (e.g., matching for key variables,
stratification, or initial assembly of comparable groups).
	Yes all of the key confounders as mentioned above. 
	Yes
	

	
	Important potential confounders are accounted for in the analysis (i.e., appropriate adjustment).
	Yes
	Yes
	

	Study Confounding Summary
	Important potential confounders are appropriately accounted for, limiting potential bias with respect to
the relationship between PF and outcome .
	Due to the study using NHANES data which is a routine survey conducted by train staff and validated surveys, there is low risk of bias for the measurement of confounders. All of the appropriate confounders are included to adjust for the relationship between HFI and the primary outcome. 
	Yes
	Low

	

	6. Statistical Analysis
and Reporting
	Goal: To judge the risk of bias related to the statistical analysis and presentation of results.
	
	
	

	Presentation of analytical strategy
	There is sufficient presentation of data to assess the adequacy of the analysis.
	Yes sufficient data was presented (n=4822) 
	Yes
	

	
Model development strategy
	The strategy for model building (i.e., inclusion of variables in the statistical model) is appropriate and is based
on a conceptual framework or model.
	Yes the model is mediation model based on the literature that suggests HFI is associated with dental caries via poor diet quality. 
	Yes
	

	
	The selected statistical model is adequate for the design of the study.
	Yes a primary mediation model was selected. However the study uses the Baron and Kenny method which is considered an outdated approach. 
	Yes
	

	Reporting of results
	There is no selective reporting of results.
	No
	Yes
	

	Statistical Analysis and Presentation
Summary
	The statistical analysis is appropriate for the design of the study, limiting potential for presentation of
invalid or spurious results.
	The analysis was appropriate for the design of the study, however the mediation model used was outdated therefore a moderate bias score is concluded. 
	
	Moderate










	Author and year of publication
	Do et al., 2021  - LOW BIAS

	Study identifier
	Sarah Abraham

	Reviewer
	

	
	
	
	
	

	Biases
	Issues to consider for judging overall rating of "Risk of bias"
	Study Methods & Comments
	Rating of reporting
	Rating of "Risk of bias"

	Instructions to assess the risk of each potential bias:
	These issues will guide your thinking and judgment about the overall risk of bias within each of the 6 domains. Some 'issues' may not be relevant to the specific study or the review research question. These issues are taken together to inform the overall judgment of potential bias for each of the 6 domains.
	Provide comments or text exerpts in the white boxes below, as necessary, to facilitate the consensus process that will follow.
	Click on each of the blue cells and choose from the drop down menu to rate the adequacy of reporting as yes, partial, no or unsure.
	Click on the green cells; choose from the drop-down menu to rate potential risk of bias for each of the 6 domains as High, Moderate, or Low considering all relevant issues

	1. Study Participation
	Goal: To judge the risk of selection bias (likelihood that relationship between PF and
outcome is different for participants and eligible non-participants).
	
	
	

	Source of target population
	The source population or population of interest is adequately described for key characteristics (LIST).
	Yes the information provided is: information is obtained from the FLASHE study. FLASHE contains child-parent dyads of children aged 12-17 years old. Information obtained: sleep measures, weight status, sex, race/ethnicity, parents weight status, parents’ education, parents income level and household food insecurity levels.
	Yes
	

	Method used to identify population
	The sampling frame and recruitment are adequately described, including methods to identify the sample
sufficient to limit potential bias (number and type used, e.g., referral patterns in health care)
	Yes – the FLASHE study N=1945 dyads of 5027 dyads were enrolled. N=1890 of the N=1945 had complete survey data. N=1544 adolescents who had BMI and sleep measures were included in the analytic sample. 

Sample for the study was drawn from the consumer opinion panel representative of the US population for sex, education, income, household size and region.
Receiving the diet survey was through DYAD randomization. 
	Yes
	

	Recruitment period
	Period of recruitment is adequately described
	April- October 2014 
	Yes
	

	Place of recruitment
	Place of recruitment (setting and geographic location) are adequately described
	This was a cross-sectional study that was web-based. Invitations were sent to parents and adolescents email addresses. 
	Yes
	

	
Inclusion and exclusion criteria
	Inclusion and exclusion criteria are adequately described (e.g., including explicit diagnostic criteria or “zero time” description).
	Parent-child dyads were recruited if the parent was over 18 and lived with the adolescent 50% or greater of the time. A third of adolescent participants were recruited to be part of three age ranges and evenly split by gender. Only participants with complete BMI and sleep data were included in the analytic sample (n=1544). 
	Yes
	

	Adequate study participation
	There is adequate participation in the study by eligible individuals
	Yes, this is a survey dataset
	Yes
	

	Baseline characteristics
	The baseline study sample (i.e., individuals entering the study) is adequately described for key characteristics
(LIST).
	In the sample 64% of the population were White, 9.9% Hispanic, 16.2% were Black and 9.3% Other. The mean age of adolescents was 14.5 (SD=1.6). Majority of households had parents with four-year college degree or higher (47.1%) and only 7% had less than a college degree. Income was based on two scales (household earnings of $0-99,999 and $100,000+) where 79% of households were in the $0-99,999 category.
	Yes
	

	Summary Study participation
	The study sample represents the population of interest on key characteristics, sufficient to limit
potential bias of the observed relationship between PF and outcome.
	Low risk of bias was concluded for the study participants (and non-participants). 
	
	Low

	

	2. Study Attrition
	Goal: To judge the risk of attrition bias (likelihood that relationship between PF and
outcome are different for completing and non-completing participants).
	
	
	

	Proportion of baseline sample available
for analysis
	Response rate (i.e., proportion of study sample completing the study and providing outcome data) is adequate.
	N=1945 dyads of 5027 dyads were enrolled. N=1890 of the N=1945 had complete survey data. N=1544 adolescents who had BMI and sleep measures were included in the analytic sample. 

	Yes
	

	Attempts to collect information on
participants who dropped out
	Attempts to collect information on participants who dropped out of the study are described.
	After closure of the enrollment period no more participants were enrolled, they were only enrolled once in this study. In the initial enrollment period, follow up emails letters and phone messages were sent to potential participants if they had not responded. Enrollment period started in April 2014-October 2014.
	N/A yes

	

	Reasons and potential impact of
subjects lost to follow-up
	Reasons for loss to follow-up are provided.
	N/A
	N/A yes
	

	Outcome and prognostic factor information on those lost to follow-up
	Participants lost to follow-up are adequately described for key characteristics (LIST).
	N/A
	N/A yes
	

	
	There are no important differences between key characteristics (LIST) and outcomes in participants who
completed the study and those who did not.
	N/A
	
	

	
Study Attrition Summary
	Loss to follow-up (from baseline sample to study population analyzed) is not associated with key characteristics (i.e., the study data adequately represent the sample) sufficient to limit potential bias to the observed relationship between PF and outcome.
	Loss to follow not applicable for this dataset as this was a secondary analysis of cross-sectional data. 
	
	Low

	

	3. Prognostic Factor
Measurement
	Goal: To judge the risk of measurement bias related to how PF was measured (differential measurement of PF related to the level of outcome).
	
	
	

	Definition of the PF
	A clear definition or description of 'PF' is provided (e.g., including dose, level, duration of exposure, and clear
specification of the method of measurement).
	Yes, it is food insecurity, and the method of measurement is provided – a 2-item validated screener survey was used to measure HFI. The method had a sensitivity of 97% and specificity of 83% in determining food insecurity.

	Yes
	

	
Valid and Reliable Measurement of PF
	Method of PF measurement is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind
measurement and limited reliance on recall).
	Yes, it is a valid method of measurement which was parent completed asking two questions:
1) Within the past 12 months we worried whether our food would run out before we got money to buy more”
2) Within the past 12 months, the food we bought just didn’t last and we didn’t have money to get more.
The parents could respond with three statements: never true, sometimes true and often true.

	Yes
	

	
	Continuous variables are reported or appropriate cut-points (i.e., not data-dependent) are used.
	Each of the items were dichotomized for never (0) and sometimes/often true (1). Answering 1 to either question was indicative of food security, whereas 0 was indicative of food security.
	Yes
	

	Method and Setting of PF Measurement
	The method and setting of measurement of PF is the same for all study participants.
	Yes
	Yes
	

	Proportion of data on PF available for
analysis
	Adequate proportion of the study sample has complete data for PF variable.
	Yes 
	Yes
	

	Method used for missing data
	Appropriate methods of imputation are used for missing 'PF' data.
	N/A
	Yes
	

	PF Measurement Summary
	PF is adequately measured in study participants to sufficiently limit potential bias.
	Yes the PF measure was adequately measured by a validated measure for the sample.
	
	Low

	

	4. Outcome
Measurement
	Goal: To judge the risk of bias related to the measurement of outcome (differential measurement of outcome related to the baseline level of PF).
	
	
	

	Definition of the Outcome
	A clear definition of outcome is provided, including duration of follow-up and level and extent of the outcome
construct.
	Weight status was examined using BMI and categorised according to age and gender specific charts by the CDC. 
Sleep was examined using two questions which ask whether the child has regular bedtimes, whether they have difficulty staying asleep and calculating average nighttime sleep duration. 
	Yes
	

	
Valid and Reliable Measurement of Outcome
	The method of outcome measurement used is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and confirmation of outcome with valid and reliable test).
	Weight status – was categorised using the adolescent BMI using CDC growth charts based on age and sex.

Sleep was examined using two questions which ask whether the child has regular bedtimes, whether they have difficulty staying asleep and calculating average nighttime sleep duration. 
	No to sleep questions
	

	Method and Setting of Outcome
Measurement
	The method and setting of outcome measurement is the same for all study participants.
	Yes the data was obtained from the  
	Yes
	

	Outcome Measurement Summary
	Outcome of interest is adequately measured in study participants to sufficiently limit potential bias.
	Yes, the outcomes of interest were adequately measured concluding low bias
	
	Low

	

	5. Study Confounding
	Goal: To judge the risk of bias due to confounding (i.e. the effect of PF is distorted by
another factor that is related to PF and outcome).
	
	
	

	Important Confounders Measured
	All important confounders, including treatments (key variables in conceptual model: LIST), are measured.
	Yes. Age, household income. Race/ethnicity, parent education and income, parent wight status
	Yes
	

	Definition of the confounding factor
	Clear definitions of the important confounders measured are provided (e.g., including dose, level, and duration
of exposures).
	Yes, this has been provided. 
Household income was placed into categories, Race/ethnicity was categorised into White, Black, Hispanic and Other. Parent education had several categories from less than high school education to 4y ear + college degree. 
	Yes
	

	Valid and Reliable Measurement of Confounders
	Measurement of all important confounders is adequately valid and reliable (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and limited
reliance on recall).
	Yes – self reported using the online questionnaire- race divided into races, parent weight status into categories, and parental education categories.
	Yes
	

	Method and Setting of Confounding
Measurement
	The method and setting of confounding measurement are the same for all study participants.
	Yes the measurements were collected as part of the FLASE study and method of collection was online. 
	Not sure 
	

	Method used for missing data
	Appropriate methods are used if imputation is used for missing confounder data.
	N/A
	N/A
	

	
Appropriate Accounting for Confounding
	Important potential confounders are accounted for in the study design (e.g., matching for key variables,
stratification, or initial assembly of comparable groups).
	Yes
	Yes
	

	
	Important potential confounders are accounted for in the analysis (i.e., appropriate adjustment).
	Yes
	Yes
	

	Study Confounding Summary
	Important potential confounders are appropriately accounted for, limiting potential bias with respect to
the relationship between PF and outcome .
	Yes, important confounders are accounted for low bias is concluded. 
	
	Low

	

	6. Statistical Analysis
and Reporting
	Goal: To judge the risk of bias related to the statistical analysis and presentation of results.
	
	
	

	Presentation of analytical strategy
	There is sufficient presentation of data to assess the adequacy of the analysis.
	Yes the analytic sample was n=1544. 
	Yes
	

	
Model development strategy
	The strategy for model building (i.e., inclusion of variables in the statistical model) is appropriate and is based
on a conceptual framework or model.
	Conditional processes models were used to investigate associations between sleep measure and weight status and food insecurity as a mediator between this relationship is also investigated along with sex.
Conditional processes models were used to investigate association between food insecurity and weight status and sleep was investigated as mediator between this association.
Models controlled for the effects of age, race/ethnicity, parent education, income, and weight status. 
Significance tested as the p-value of 0.05.   
	Yes
	

	
	The selected statistical model is adequate for the design of the study.
	Yes
	Yes
	

	Reporting of results
	There is no selective reporting of results.
	No all results were made transparent in the study results section. 
	Yes 
	

	Statistical Analysis and Presentation
Summary
	The statistical analysis is appropriate for the design of the study, limiting potential for presentation of
invalid or spurious results.
	Yes, the statistical analysis was considered appropriate for the design of the study and limited the potential presentation of invalid results. Low bias was concluded. 
	
	Low
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	Biases
	Issues to consider for judging overall rating of "Risk of bias"
	Study Methods & Comments
	Rating of reporting
	Rating of "Risk of bias"

	Instructions to assess the risk of each potential bias:
	These issues will guide your thinking and judgment about the overall risk of bias within each of the 6 domains. Some 'issues' may not be relevant to the specific study or the review research question. These issues are taken together to inform the overall judgment of potential bias for each of the 6 domains.
	Provide comments or text exerpts in the white boxes below, as necessary, to facilitate the consensus process that will follow.
	Click on each of the blue cells and choose from the drop down menu to rate the adequacy of reporting as yes, partial, no or unsure.
	Click on the green cells; choose from the drop-down menu to rate potential risk of bias for each of the 6 domains as High, Moderate, or Low considering all relevant issues

	1. Study Participation
	Goal: To judge the risk of selection bias (likelihood that relationship between PF and
outcome is different for participants and eligible non-participants).
	
	
	

	Source of target population
	The source population or population of interest is adequately described for key characteristics (LIST).
	Yes, the source population is adequately described. Children from across the US who entered kindergarten in fall 2010 are included. Children and their parents are included in the study. The data contained a robust set of measures for HFI, parenting and behaviour as well as key sociodemographic characteristics. 
	Yes
	

	Method used to identify population
	The sampling frame and recruitment are adequately described, including methods to identify the sample
sufficient to limit potential bias (number and type used, e.g., referral patterns in health care)
	Yes – longitudinal data from the Early Childhood Longitudinal Study Kindergarten class of 2010-2011was used for the analysis. 
	Yes
	

	Recruitment period
	Period of recruitment is adequately described
	Yes 2010-2011
	Yes
	

	Place of recruitment
	Place of recruitment (setting and geographic location) are adequately described
	Yes USA nationally representative data set collected from kindergarten and schools
	Yes
	

	
Inclusion and exclusion criteria
	Inclusion and exclusion criteria are adequately described (e.g., including explicit diagnostic criteria or “zero time” description).
	A sample of 7,820 of children and adults were selected by excluding those in the main sample of 18,200 who had a zero sampling weight (so any child with missing survey component had a zero weight and were not part of the analytic survey)
	Yes
	

	Adequate study participation
	There is adequate participation in the study by eligible individuals
	Yes this is a survey dataset
	Yes
	

	Baseline characteristics
	The baseline study sample (i.e., individuals entering the study) is adequately described for key characteristics
(LIST).
	Yes, information was provided for household characteristics including socioeconomic status, access to medical care, employment, receipt of food stamps, ethnicity, and how involved the parents were in the school.
	Yes
	

	Summary Study participation
	The study sample represents the population of interest on key characteristics, sufficient to limit
potential bias of the observed relationship between PF and outcome.
	The study sample adequately represented US infants and their parents and the sample was nationally representative. Low bias was concluded for the study. 
	
	Low

	

	2. Study Attrition
	Goal: To judge the risk of attrition bias (likelihood that relationship between PF and
outcome are different for completing and non-completing participants).
	
	
	

	Proportion of baseline sample available
for analysis
	Response rate (i.e., proportion of study sample completing the study and providing outcome data) is adequate.
	7,820 out of 18,200 had completed results. Missing data were still present among this sample ranging from 0 to 13%. 30% of children had missing data on one or more variable
	Yes
	

	Attempts to collect information on
participants who dropped out
	Attempts to collect information on participants who dropped out of the study are described.
	No this is not described
	No
	

	Reasons and potential impact of
subjects lost to follow-up
	Reasons for loss to follow-up are provided.
	No this is not described
	No
	

	Outcome and prognostic factor information on those lost to follow-up
	Participants lost to follow-up are adequately described for key characteristics (LIST).
	No this is not described
	No
	

	
	There are no important differences between key characteristics (LIST) and outcomes in participants who
completed the study and those who did not.
	Not provided
	Unsure
	

	
Study Attrition Summary
	Loss to follow-up (from baseline sample to study population analyzed) is not associated with key characteristics (i.e., the study data adequately represent the sample) sufficient to limit potential bias to the observed relationship between PF and outcome.
	High risk of bias was concluded as no information was provided for the missing data in the study sample. 
	
	High 

	

	3. Prognostic Factor
Measurement
	Goal: To judge the risk of measurement bias related to how PF was measured (differential measurement of PF related to the level of outcome).
	
	
	

	Definition of the PF
	A clear definition or description of 'PF' is provided (e.g., including dose, level, duration of exposure, and clear
specification of the method of measurement).
	Yes the definition was adequately provided as “In the United States, approximately 6.5 million children were from homes where both children and adults in the home experienced food insecurity (U.S. Department of Agriculture, 2018) a phenomenon whereby families face uncertainty in obtaining food due to lack of resources, including the monetary means to acquire nutritionally acceptable and safe foods” 

	Yes
	

	
Valid and Reliable Measurement of PF
	Method of PF measurement is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind
measurement and limited reliance on recall).
	Yes, a validated measure of HFI was used– it was administered to parents twice, once when their child was in the spring of kindergarten and a year later when their child was in spring of first grade
	Yes
	

	
	Continuous variables are reported or appropriate cut-points (i.e., not data-dependent) are used.
	Dichotomous variable of HFI was created using raw scores from the HFSSM based on cut-offs established by the USDA – raw score 0 to 2 (food secure) raw score 3-10 (food insecure)
	Yes
	

	Method and Setting of PF Measurement
	The method and setting of measurement of PF is the same for all study participants.
	Yes, kindergarten and school setting for teachers and parents assessed via telephone call
	Yes
	

	Proportion of data on PF available for
analysis
	Adequate proportion of the study sample has complete data for PF variable.
	This is unclear 
	Unsure
	

	Method used for missing data
	Appropriate methods of imputation are used for missing 'PF' data.
	Yes - multiple imputation by chained equations was used and generated 30 imputed data sets as 30% of the children in the data had missing data on or one or more variables
	Yes
	

	PF Measurement Summary
	PF is adequately measured in study participants to sufficiently limit potential bias.
	HFI was adequately measured however it was unclear how much of the study had missing HFI data therefore moderate bias has been concluded for this.
	
	Moderate

	

	4. Outcome
Measurement
	Goal: To judge the risk of bias related to the measurement of outcome (differential measurement of outcome related to the baseline level of PF).
	
	
	

	Definition of the Outcome
	A clear definition of outcome is provided, including duration of follow-up and level and extent of the outcome
construct.
	Yes – the outcome is parenting aggravation and children’s behavior observed over time from kindergarten and spring first grade with food security being used as the main predictor.

Adequate description was provided for internalising and externalising scores. 
	Yes
	

	
Valid and Reliable Measurement of Outcome
	The method of outcome measurement used is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and confirmation of outcome with valid and reliable test).
	Aggravation in Parenting Scale – originally derived from the parenting stress index have been used in several national level surveys including National Survey of Americas Families and the US Department of Health and Human Services National Survey of Children’s Health. Method used here was consistent with previous methods used in this research area.

Child behaviour was teacher reported, and parent reported based on Social Skills Rating system
	Yes
	

	Method and Setting of Outcome
Measurement
	The method and setting of outcome measurement is the same for all study participants.
	Yes 
	Yes
	

	Outcome Measurement Summary
	Outcome of interest is adequately measured in study participants to sufficiently limit potential bias.
	Yes
	
	Low

	

	5. Study Confounding
	Goal: To judge the risk of bias due to confounding (i.e. the effect of PF is distorted by
another factor that is related to PF and outcome).
	
	
	

	Important Confounders Measured
	All important confounders, including treatments (key variables in conceptual model: LIST), are measured.
	The confounders include ethnicity, parent marital status, employment, food stamps, number of siblings in a child’s household and the household’s socioeconomic status
	Yes
	

	Definition of the confounding factor
	Clear definitions of the important confounders measured are provided (e.g., including dose, level, and duration
of exposures).
	Yes, these are provided in the supplementary material. 
	Yes
	

	Valid and Reliable Measurement of Confounders
	Measurement of all important confounders is adequately valid and reliable (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and limited
reliance on recall).
	Yes, socioeconomic status was measure by the National Center for Educational statistics continuous index which consisted of a composite of parent’s education level, occupational prestige and income. Access to medical care was also included and based on whether the child had health insurance. 
	Yes
	

	Method and Setting of Confounding
Measurement
	The method and setting of confounding measurement are the same for all study participants.
	This is unclear. 
	Unclear
	

	Method used for missing data
	Appropriate methods are used if imputation is used for missing confounder data.
	Yes multiple imputation by chained equations was used to account for missing data.
	Yes
	

	
Appropriate Accounting for Confounding
	Important potential confounders are accounted for in the study design (e.g., matching for key variables,
stratification, or initial assembly of comparable groups).
	N/a secondary analysis of data
	Yes
	

	
	Important potential confounders are accounted for in the analysis (i.e., appropriate adjustment).
	Yes they were used to adjust the SEM
	Yes
	

	Study Confounding Summary
	Important potential confounders are appropriately accounted for, limiting potential bias with respect to
the relationship between PF and outcome .
	Yes, low bias concluded.
	
	Low

	

	6. Statistical Analysis
and Reporting
	Goal: To judge the risk of bias related to the statistical analysis and presentation of results.
	
	
	

	Presentation of analytical strategy
	There is sufficient presentation of data to assess the adequacy of the analysis.
	Yes data on all important variables was presented and the model design was explained.
	Yes
	

	
Model development strategy
	The strategy for model building (i.e., inclusion of variables in the statistical model) is appropriate and is based
on a conceptual framework or model.
	The strategy for the model building was based on the Family Stress model which is a well-known theoretical framework. 
	Yes
	

	
	The selected statistical model is adequate for the design of the study.
	Yes mediation model was used
	Yes
	

	Reporting of results
	There is no selective reporting of results.
	No
	Yes
	

	Statistical Analysis and Presentation
Summary
	The statistical analysis is appropriate for the design of the study, limiting potential for presentation of
invalid or spurious results.
	Low bias was concluded for the stats analysis and presentation summary.
	
	Low
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	Biases
	Issues to consider for judging overall rating of "Risk of bias"
	Study Methods & Comments
	Rating of reporting
	Rating of "Risk of bias"

	Instructions to assess the risk of each potential bias:
	These issues will guide your thinking and judgment about the overall risk of bias within each of the 6 domains. Some 'issues' may not be relevant to the specific study or the review research question. These issues are taken together to inform the overall judgment of potential bias for each of the 6 domains.
	Provide comments or text exerpts in the white boxes below, as necessary, to facilitate the consensus process that will follow.
	Click on each of the blue cells and choose from the drop down menu to rate the adequacy of reporting as yes, partial, no or unsure.
	Click on the green cells; choose from the drop-down menu to rate potential risk of bias for each of the 6 domains as High, Moderate, or Low considering all relevant issues

	1. Study Participation
	Goal: To judge the risk of selection bias (likelihood that relationship between PF and
outcome is different for participants and eligible non-participants).
	
	
	

	Source of target population
	The source population or population of interest is adequately described for key characteristics (LIST).
	Yes population characteristics are described including child obesity status, FI status, maternal stressors, child disability, financial status (working or non working), health insurance, marital status of mother, ratio to poverty line, age of child, child gender, race/ethnicity, BMI of mother, age of mother, education of mother. The source of the population is the NHANES dataset from 1999-2002. 
	Yes
	

	Method used to identify population
	The sampling frame and recruitment are adequately described, including methods to identify the sample
sufficient to limit potential bias (number and type used, e.g., referral patterns in health care)
	Each NHANES cycle provides data to assess the health and nutrition of children and adults residing in all 50 states and Washington DC. Selection of participants is based on a complex, multistage, probability sampling design in order to represent the noninstitutionalized US civilian population.
	Yes
	

	Recruitment period
	Period of recruitment is adequately described
	1999-2002 recruitment cycle
	Yes
	

	Place of recruitment
	Place of recruitment (setting and geographic location) are adequately described
	Yes USA nationally representative data set interviewed at home and physically examined by trained technicians
	Yes
	

	
Inclusion and exclusion criteria
	Inclusion and exclusion criteria are adequately described (e.g., including explicit diagnostic criteria or “zero time” description).
	A sample of 841 children aged 3-17 and their mothers with income below 200% of the poverty line were included in the study. 
	Yes
	

	Adequate study participation
	There is adequate participation in the study by eligible individuals
	Yes this is a survey dataset and the sample size is reliable for analysis.
	Yes
	

	Baseline characteristics
	The baseline study sample (i.e., individuals entering the study) is adequately described for key characteristics
(LIST).
	Yes, these are the same as the description above
	Yes
	

	Summary Study participation
	The study sample represents the population of interest on key characteristics, sufficient to limit
potential bias of the observed relationship between PF and outcome.
	Adequate study participation, and low potential of bias will be observed between PF and outcome due to the participating sample. Although there may be some risk (due to the inclusion criteria) that a larger than average HFI population size is achieved but this was one of the aims of the study. Therefore overall low bias is concluded. 
	
	Low

	

	2. Study Attrition
	Goal: To judge the risk of attrition bias (likelihood that relationship between PF and
outcome are different for completing and non-completing participants).
	
	
	

	Proportion of baseline sample available
for analysis
	Response rate (i.e., proportion of study sample completing the study and providing outcome data) is adequate.
	N/A the sample was already decided and this is a secondary analysis of cross-sectional data.
	Yes
	

	Attempts to collect information on
participants who dropped out
	Attempts to collect information on participants who dropped out of the study are described.
	N/A
	N/A yes

	

	Reasons and potential impact of
subjects lost to follow-up
	Reasons for loss to follow-up are provided.
	N/A
	N/A yes
	

	Outcome and prognostic factor information on those lost to follow-up
	Participants lost to follow-up are adequately described for key characteristics (LIST).
	N/A
	N/A yes
	

	
	There are no important differences between key characteristics (LIST) and outcomes in participants who
completed the study and those who did not.
	N/A
	
	

	
Study Attrition Summary
	Loss to follow-up (from baseline sample to study population analyzed) is not associated with key characteristics (i.e., the study data adequately represent the sample) sufficient to limit potential bias to the observed relationship between PF and outcome.
	Loss to follow not applicable for this dataset as this is a sample taken from cross-sectional data. Low bias concluded for study attrition. 
	
	Low

		3. Prognostic Factor
Measurement
	Goal: To judge the risk of measurement bias related to how PF was measured (differential measurement of PF related to the level of outcome).
	
	
	

	Definition of the PF
	A clear definition or description of 'PF' is provided (e.g., including dose, level, duration of exposure, and clear
specification of the method of measurement).
	First definition: food security was defined at the household level 
Second definition: food insecurity was defined with respect to the children in the household, not just the child for whom overweight was considered
	Yes
	

	
Valid and Reliable Measurement of PF
	Method of PF measurement is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind
measurement and limited reliance on recall).
	Yes, it is a valid method of measurement by the USDA HFI 18-item survey module, which was parent reported. 

	Yes
	

	
	Continuous variables are reported or appropriate cut-points (i.e., not data-dependent) are used.
	Households with 2 or more affirmative responses was categorized as food secure and a household with 3 or more affirmative responses was categorized as food insecure 
Children defined as being food insecure were those for whom 2 or more of the 8 child-specific questions were answered affirmatively. 
	Yes
	

	Method and Setting of PF Measurement
	The method and setting of measurement of PF is the same for all study participants.
	Yes the same method was used
	Yes
	

	Proportion of data on PF available for
analysis
	Adequate proportion of the study sample has complete data for PF variable.
	Yes all participants had complete data
	Yes
	

	Method used for missing data
	Appropriate methods of imputation are used for missing 'PF' data.
	N/A
	Yes
	

	PF Measurement Summary
	PF is adequately measured in study participants to sufficiently limit potential bias.
	Yes, HFI was adequately measured. Low bias concluded.
	
	Low

	

	4. Outcome
Measurement
	Goal: To judge the risk of bias related to the measurement of outcome (differential measurement of outcome related to the baseline level of PF).
	
	
	

	Definition of the Outcome
	A clear definition of outcome is provided, including duration of follow-up and level and extent of the outcome
construct.
	Weight status was examined using BMI and categorized according to age and gender specific white charts by the CDC 
Maternal stressors index was defined by depressed mood questions from the Organization composite international diagnostic interview 
Cumulative physical stressors were defined as physical, mental and emotional stressors that impact daily life of the mother and work they can do
Cumulative financial stressor index was measured related to working, inability to work or having a disability 
Cumulative family structure stressor index: defined by marital status (more financial, mental and physical stress) due to being a single parent compared to married mothers, however, does not consider other stressors defined by the authors as “stigma, childcare issues and lack of social support” 
	Yes
	

	
Valid and Reliable Measurement of Outcome
	The method of outcome measurement used is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and confirmation of outcome with valid and reliable test).
	Cumulative mental stressors index: measured using items from the Organization Composite International Diagnostic Interview 
Cumulative physical stressors: measured using three measures (not sure if these are validated) limitations due to health and inability to perform at least 1 activity of normal daily life
Cumulative financial stressor index: three measures, whether mother is employed, out of the labour force, and how many hours she works; whether she is unable to work due to a disability or if she had no health insurance
Cumulative family structure stressor:  marital status was used to measure this.


	Yes
	

	Method and Setting of Outcome
Measurement
	The method and setting of outcome measurement is the same for all study participants.
	Yes 
	Yes
	

	Outcome Measurement Summary
	Outcome of interest is adequately measured in study participants to sufficiently limit potential bias.
	Low bias was detected for the outcome measures.
	
	Low

	

	5. Study Confounding
	Goal: To judge the risk of bias due to confounding (i.e. the effect of PF is distorted by
another factor that is related to PF and outcome).
	
	
	

	Important Confounders Measured
	All important confounders, including treatments (key variables in conceptual model: LIST), are measured.
	Yes. Age, household income. Race/ethnicity, maternal specific covariates (high school degree/ education/ BMI and age). 
	Yes
	

	Definition of the confounding factor
	Clear definitions of the important confounders measured are provided (e.g., including dose, level, and duration
of exposures).
	Yes each was included with appropriate definition. Self-explanatory so will not be written here.
	Yes
	

	Valid and Reliable Measurement of Confounders
	Measurement of all important confounders is adequately valid and reliable (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and limited
reliance on recall).
	Yes – self reported in the NHANES questionnaire and BMI measured by a trained technician
	Yes
	

	Method and Setting of Confounding
Measurement
	The method and setting of confounding measurement are the same for all study participants.
	Yes in their homes by trained technicians and surveys were self-reported.
	Not sure 
	

	Method used for missing data
	Appropriate methods are used if imputation is used for missing confounder data.
	N/A
	N/A
	

	
Appropriate Accounting for Confounding
	Important potential confounders are accounted for in the study design (e.g., matching for key variables,
stratification, or initial assembly of comparable groups).
	Yes
	Yes
	

	
	Important potential confounders are accounted for in the analysis (i.e., appropriate adjustment).
	Yes the analysis adjusted for all these confounders
	Yes
	

	Study Confounding Summary
	Important potential confounders are appropriately accounted for, limiting potential bias with respect to
the relationship between PF and outcome .
	Low risk of bias concluded for confounders of HFI and outcome.
	
	Low

	

	6. Statistical Analysis
and Reporting
	Goal: To judge the risk of bias related to the statistical analysis and presentation of results.
	
	
	

	Presentation of analytical strategy
	There is sufficient presentation of data to assess the adequacy of the analysis.
	Yes the study shows descriptive statistics and also results of the primary analysis
	Yes
	

	
Model development strategy
	The strategy for model building (i.e., inclusion of variables in the statistical model) is appropriate and is based
on a conceptual framework or model.
	Yes 5 models: model 1: food insecurity, model 2: food insecurity and the 4 maternal stressors; model 3: food insecurity, the 4 maternal stressors, interaction of these indices with food insecurity; model 4: food insecurity and a total cumulative maternal stressor index and model 5; food insecurity, the total cumulative maternal stressor index and interaction of this index with food insecurity. The models were informed prior evidence from the literature.
	Yes
	

	
	The selected statistical model is adequate for the design of the study.
	Yes
	Yes
	

	Reporting of results
	There is no selective reporting of results.
	No selective reporting was detected.
	Yes 
	

	Statistical Analysis and Presentation
Summary
	The statistical analysis is appropriate for the design of the study, limiting potential for presentation of
invalid or spurious results.
	Low risk of bias was concluded. 
	
	Low










	Author and year of publication
	Hatem 2021 
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	Biases
	Issues to consider for judging overall rating of "Risk of bias"
	Study Methods & Comments
	Rating of reporting
	Rating of "Risk of bias"

	Instructions to assess the risk of each potential bias:
	These issues will guide your thinking and judgment about the overall risk of bias within each of the 6 domains. Some 'issues' may not be relevant to the specific study or the review research question. These issues are taken together to inform the overall judgment of potential bias for each of the 6 domains.
	Provide comments or text exerpts in the white boxes below, as necessary, to facilitate the consensus process that will follow.
	Click on each of the blue cells and choose from the drop down menu to rate the adequacy of reporting as yes, partial, no or unsure.
	Click on the green cells; choose from the drop-down menu to rate potential risk of bias for each of the 6 domains as High, Moderate, or Low considering all relevant issues

	1. Study Participation
	Goal: To judge the risk of selection bias (likelihood that relationship between PF and
outcome is different for participants and eligible non-participants).
	
	
	

	Source of target population
	The source population or population of interest is adequately described for key characteristics (LIST).
	Fragile families and child wellbeing longitudinal study: which follows 4,898 children between 1998-2000 and their unmarried mothers (these were oversampled by a ratio of 3 to 1). Adequate characteristics are provided: adolescent mental health, food insecurity, housing, mother mental health, child gender, race, health insurance, maternal and household characteristics (age, marital status, education, income, prison history, depression, anxiety) adolescent economic hardship experiences
	Yes
	

	Method used to identify population
	The sampling frame and recruitment are adequately described, including methods to identify the sample
sufficient to limit potential bias (number and type used, e.g., referral patterns in health care)
	Yes, the sample of children chosen are those who participated in home assessment of food insecurity when the child was age 3 and 5 years old. Participants recruited using stratified random sampling technique
	Yes
	

	Recruitment period
	Period of recruitment is adequately described
	Yes 1998-2000
	Yes
	

	Place of recruitment
	Place of recruitment (setting and geographic location) are adequately described
	Yes across 20 major US cities 
	Yes 
	

	
Inclusion and exclusion criteria
	Inclusion and exclusion criteria are adequately described (e.g., including explicit diagnostic criteria or “zero time” description).
	Yes
	Yes
	

	Adequate study participation
	There is adequate participation in the study by eligible individuals
	Yes a total of =2,626 in the total analytic sample 
	Yes
	

	Baseline characteristics
	The baseline study sample (i.e., individuals entering the study) is adequately described for key characteristics
(LIST).
	Yes these are listed above. Excluded:
Those who did not participate in the year 15 interview 
Mothers who did not participate in the year 9 mother interview
Families who were missing both year 3 and 5 in home assessments
Mothers who were not interviewed at year 3
Missing data on adolescent measure of anxiety and depressive symptoms and covariates 
	Yes
	

	Summary Study participation
	The study sample represents the population of interest on key characteristics, sufficient to limit
potential bias of the observed relationship between PF and outcome.
	Low risk was concluded for study participants in terms of observing the relationship between HFI and the outcome. 
	
	Yes

	

	2. Study Attrition
	Goal: To judge the risk of attrition bias (likelihood that relationship between PF and
outcome are different for completing and non-completing participants).
	
	
	

	Proportion of baseline sample available
for analysis
	Response rate (i.e., proportion of study sample completing the study and providing outcome data) is adequate.
	About half of the sample were excluded but this is still a large enough sample to gain meaningful results
	Yes
	

	Attempts to collect information on
participants who dropped out
	Attempts to collect information on participants who dropped out of the study are described.
	Details on dropouts were not provided  
	No
	

	Reasons and potential impact of
subjects lost to follow-up
	Reasons for loss to follow-up are provided.
	N/A
	N/A
	

	Outcome and prognostic factor information on those lost to follow-up
	Participants lost to follow-up are adequately described for key characteristics (LIST).
	N/A
	N/A
	

	
	There are no important differences between key characteristics (LIST) and outcomes in participants who
completed the study and those who did not.
	N/A
	N/A
	

	
Study Attrition Summary
	Loss to follow-up (from baseline sample to study population analyzed) is not associated with key characteristics (i.e., the study data adequately represent the sample) sufficient to limit potential bias to the observed relationship between PF and outcome.
	The sample of data used did not account for loss to follow up or give information on the participants who were missing or excluded from the data analysis. This is ok as there was enough sample size to answer the specific question in the paper – the study was not specifically designed to answer this question and only a select sample of women were chosen to answer food insecurity/housing questions.

Where year 5 data were not available, year 3 data were used because of the correlational relationship between the two (it was hypothesized based on previous research that those who experienced FI in year 3 would also experience FI in year 5 so it seemed appropriate to use this). However, FI is cyclical in nature so this may not be the case and assumption so introduced bias into the study. Therefore, moderate bias is concluded.
	
	moderate

	3. Prognostic Factor
Measurement
	Goal: To judge the risk of measurement bias related to how PF was measured (differential measurement of PF related to the level of outcome).
	
	
	

	Definition of the PF
	A clear definition or description of 'PF' is provided (e.g., including dose, level, duration of exposure, and clear
specification of the method of measurement).
	Yes, it is food insecurity and the method of measurement provided is the 18 item USDA questionnaire 
	Yes
	

	
Valid and Reliable Measurement of PF
	Method of PF measurement is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind
measurement and limited reliance on recall).
	Yes it is a valid method of measurement
	Yes
	

	
	Continuous variables are reported or appropriate cut-points (i.e., not data-dependent) are used.
	Cut offs based on affirmative responses – 0 to 2 affirmative responses (food secure) and 3 or more (food insecure)
	Yes
	

	Method and Setting of PF Measurement
	The method and setting of measurement of PF is the same for all study participants.
	Yes mothers were provided with the assessment
	Yes
	

	Proportion of data on PF available for
analysis
	Adequate proportion of the study sample has complete data for PF variable.
	Yes N=2626
	Yes
	

	Method used for missing data
	Appropriate methods of imputation are used for missing 'PF' data.
	Yes where data is missing for example if the mother answers for year 5 and not year 3, then year 3 will be used for year 5.
	Yes
	

	PF Measurement Summary
	PF is adequately measured in study participants to sufficiently limit potential bias.
	Yes
	
	Moderate

	

	4. Outcome
Measurement
	Goal: To judge the risk of bias related to the measurement of outcome (differential measurement of outcome related to the baseline level of PF).
	
	
	

	Definition of the Outcome
	A clear definition of outcome is provided, including duration of follow-up and level and extent of the outcome
construct.
	Yes:
Depressive symptoms, anxiety symptoms, potential mediators (maternal depression and stress). The outcomes are defined by specific measurement scales and surveys (see the next bit)
	Yes
	

	
Valid and Reliable Measurement of Outcome
	The method of outcome measurement used is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and confirmation of outcome with valid and reliable test).
	Depressive symptoms: adolescent self reported using the 5 items of the Centers for Epidemiologic Studies Depression Scale 
Anxiety symptoms: 6 items of the Brief symptoms inventory 18 item anxiety subscale
Maternal depression: 15 item composite international diagnostic interview short form at year 9
Parenting stress: Parenting stress inventory at year 9
	Yes
	

	Method and Setting of Outcome
Measurement
	The method and setting of outcome measurement is the same for all study participants.
	Yes 
	Yes
	

	Outcome Measurement Summary
	Outcome of interest is adequately measured in study participants to sufficiently limit potential bias.
	Yes 
	
	Low

	

	5. Study Confounding
	Goal: To judge the risk of bias due to confounding (i.e. the effect of PF is distorted by
another factor that is related to PF and outcome).
	
	
	

	Important Confounders Measured
	All important confounders, including treatments (key variables in conceptual model: LIST), are measured.
	Yes, confounders such as: child gender, health insurance at year 3, child race/ethnicity. 

Maternal covariates at year 3: mothers age, marital status, education, employment, income compared to the poverty line, history of paternal incarceration, maternal anxiety and depression (due to generational pass of this)
	Yes
	

	Definition of the confounding factor
	Clear definitions of the important confounders measured are provided (e.g., including dose, level, and duration
of exposures).
	Yes, all confounders are described adequately. Education is measured by 3 categories (less than high school diploma, high school diploma and college), income is categorised based on the federal poverty line.
	Yes
	

	Valid and Reliable Measurement of Confounders
	Measurement of all important confounders is adequately valid and reliable (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and limited
reliance on recall).
	Yes: survey answers using mental health surveys, and then general questions about education/employment which are self-reported.
	Yes
	

	Method and Setting of Confounding
Measurement
	The method and setting of confounding measurement are the same for all study participants.
	Yes, these are self-reported using the questionnaires that are administered to everyone in the same way
	Yes
	

	Method used for missing data
	Appropriate methods are used if imputation is used for missing confounder data.
	Not reported not sure 
	Not sure
	

	
Appropriate Accounting for Confounding
	Important potential confounders are accounted for in the study design (e.g., matching for key variables,
stratification, or initial assembly of comparable groups).
	Yes all key variables, same as above. 
	Yes
	

	
	Important potential confounders are accounted for in the analysis (i.e., appropriate adjustment).
	Yes statistical analysis adjusts for all relevant confounders.
	Yes
	

	Study Confounding Summary
	Important potential confounders are appropriately accounted for, limiting potential bias with respect to
the relationship between PF and outcome .
	All potential confounders are adequately included to limit bias. Low bias is concluded. 
	
	low

	

	6. Statistical Analysis
and Reporting
	Goal: To judge the risk of bias related to the statistical analysis and presentation of results.
	
	
	

	Presentation of analytical strategy
	There is sufficient presentation of data to assess the adequacy of the analysis.
	Yes descriptive statistics and key results are provided 
	Yes
	

	
Model development strategy
	The strategy for model building (i.e., inclusion of variables in the statistical model) is appropriate and is based
on a conceptual framework or model.
	Yes a conceptual framework is provided in the form of the Family Stress Model theoretical framework. This is what the inclusion of the variables in the analysis is based on.
	Yes
	

	
	The selected statistical model is adequate for the design of the study.
	Yes an SEM is chosen which is a method for mediation analysis
	Yes
	

	Reporting of results
	There is no selective reporting of results.
	None detected
	yes
	

	Statistical Analysis and Presentation
Summary
	The statistical analysis is appropriate for the design of the study, limiting potential for presentation of
invalid or spurious results.
	Low bias concluded.
	
	low
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	Biases
	Issues to consider for judging overall rating of "Risk of bias"
	Study Methods & Comments
	Rating of reporting
	Rating of "Risk of bias"

	Instructions to assess the risk of each potential bias:
	These issues will guide your thinking and judgment about the overall risk of bias within each of the 6 domains. Some 'issues' may not be relevant to the specific study or the review research question. These issues are taken together to inform the overall judgment of potential bias for each of the 6 domains.
	Provide comments or text exerpts in the white boxes below, as necessary, to facilitate the consensus process that will follow.
	Click on each of the blue cells and choose from the drop down menu to rate the adequacy of reporting as yes, partial, no or unsure.
	Click on the green cells; choose from the drop-down menu to rate potential risk of bias for each of the 6 domains as High, Moderate, or Low considering all relevant issues

	1. Study Participation
	Goal: To judge the risk of selection bias (likelihood that relationship between PF and
outcome is different for participants and eligible non-participants).
	
	
	

	Source of target population
	The source population or population of interest is adequately described for key characteristics (LIST).
	Yes, the information provided is. The source of population is the The Three City study that was conducted in 1999. N=1011 adolescents aged 10-15 years old were analysed in this sample along with their mothers.












	
	

	Method used to identify population
	The sampling frame and recruitment are adequately described, including methods to identify the sample
sufficient to limit potential bias (number and type used, e.g., referral patterns in health care)
	The study uses a sample of participants from the Welfare Children and family a three city study 6-year longitudinal dataset.
The study used a household-based stratified sample survey of over 2,400 children and their mothers in low income neighborhoods of Boston, Chicago and San Antonio.
This article used data from the 1999 wave of interviews.
 Households were randomly selected if they were in neighborhoods with poverty rates of at least 40%. A screener visited each home to see whether they were eligible for the study: whether there was a child aged 0-15 years old, whether the household had income less than double the poverty line, primary caregiver female and whether the household head was non-Hispanic white. Non-Hispanic black or Hispanic. 
85% households were eligible and there was a response rate of 74%. 
	Yes
	

	Recruitment period
	Period of recruitment is adequately described
	1999
	Yes
	

	Place of recruitment
	Place of recruitment (setting and geographic location) are adequately described
	In the home, families were visited by the recruiter for eligibility.
	Yes
	

	
Inclusion and exclusion criteria
	Inclusion and exclusion criteria are adequately described (e.g., including explicit diagnostic criteria or “zero time” description).
	Adolescents aged 10-15 years old were analyzed in this sample along with their mothers.
Families with incomes below twice the poverty line selected. White, Black and Hispanic head of the households chosen. 

	Yes
	

	Adequate study participation
	There is adequate participation in the study by eligible individuals
	Yes 74% response rate n=1011
	Yes
	

	Baseline characteristics
	The baseline study sample (i.e., individuals entering the study) is adequately described for key characteristics
(LIST).
	Yes. Characteristics provided (means, SD and percentages) for:
Adolescent weight status by CDC and IOTF cut offs,
Adolescent food insecurity,
Adolescent age, gender, race, TV watching time, disability that cause limitations, whether they were born with low birth weight, whether they are biologically related to their female caregiver, maternal BMI, maternal education, whether female caregiver is an immigrant, receiving TANF, food stamps, family income to needs ratio, 
Individual stressors, maternal stressors, family stressors. 
	Yes
	

	Summary Study participation
	The study sample represents the population of interest on key characteristics, sufficient to limit
potential bias of the observed relationship between PF and outcome.
	Low bias concluded for study participation.
	
	Low

	

	2. Study Attrition
	Goal: To judge the risk of attrition bias (likelihood that relationship between PF and
outcome are different for completing and non-completing participants).
	
	
	

	Proportion of baseline sample available
for analysis
	Response rate (i.e., proportion of study sample completing the study and providing outcome data) is adequate.
	All samples available for analysis. This was a secondary analysis of cross-sectional data.

	Yes
	

	Attempts to collect information on
participants who dropped out
	Attempts to collect information on participants who dropped out of the study are described.
	N/A
	N/A yes

	

	Reasons and potential impact of
subjects lost to follow-up
	Reasons for loss to follow-up are provided.
	N/A
	N/A yes
	

	Outcome and prognostic factor information on those lost to follow-up
	Participants lost to follow-up are adequately described for key characteristics (LIST).
	N/A
	N/A yes
	

	
	There are no important differences between key characteristics (LIST) and outcomes in participants who
completed the study and those who did not.
	N/A
	
	

	
Study Attrition Summary
	Loss to follow-up (from baseline sample to study population analyzed) is not associated with key characteristics (i.e., the study data adequately represent the sample) sufficient to limit potential bias to the observed relationship between PF and outcome.
	Loss to follow not applicable for this dataset as this is a sample taken from cross-sectional data. Low bias was detected as the participant inclusion/exclusion criteria provided was well justified.  
	
	Low

	

	3. Prognostic Factor
Measurement
	Goal: To judge the risk of measurement bias related to how PF was measured (differential measurement of PF related to the level of outcome).
	
	
	

	Definition of the PF
	A clear definition or description of 'PF' is provided (e.g., including dose, level, duration of exposure, and clear
specification of the method of measurement).
	Yes, it is food insecurity and takes three questions from the validated 18-item USDA food security questionnaire. These were mother-reported not adolescent-reported. 
Questions:
1) At any time in the last 12 months did you cut the size of any of the adolescents meals because there wasn’t enough money for food?
2) At any time in the past 12 months was the adolescent hungry but you just couldn’t afford more food?
3) At any time in the past 12 months, did the adolescent skip a meal because there wasn’t enough money for food? 
. 
	Yes
	

	
Valid and Reliable Measurement of PF
	Method of PF measurement is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind
measurement and limited reliance on recall).
	The same questions were asked in the current population survey for a sample of households similar to those used in this study and found good agreement between answers for both – not sure if this justifies no bias.

	No
	

	
	Continuous variables are reported or appropriate cut-points (i.e., not data-dependent) are used.
	For weight status, the authors use the IOTF and CDC cut-off points in separate analyses. 
	Yes
	

	Method and Setting of PF Measurement
	The method and setting of measurement of PF is the same for all study participants.
	Yes
	Yes
	

	Proportion of data on PF available for
analysis
	Adequate proportion of the study sample has complete data for PF variable.
	Yes 
	Yes
	

	Method used for missing data
	Appropriate methods of imputation are used for missing 'PF' data.
	N/A
	Yes
	

	PF Measurement Summary
	PF is adequately measured in study participants to sufficiently limit potential bias.
	Low bias was concluded for the study participants. 
	
	Low

	

	4. Outcome
Measurement
	Goal: To judge the risk of bias related to the measurement of outcome (differential measurement of outcome related to the baseline level of PF).
	
	
	

	Definition of the Outcome
	A clear definition of outcome is provided, including duration of follow-up and level and extent of the outcome
construct.
	Stressors are defined as external factors that may cause a stress response. Individual, maternal and family stressors indices were created. Each of these indices were derived from dichotomous variables.
Individual stressors index : five measured used: (i) self-reported academic achievements, (ii) maternal report of lack of future orientation for the adolescent, (iii) 17-item assessment of drugs and alcohol, (iv and v) child behavioural checklist for internalizing and externalizing adolescent behaviours. 
Maternal stressor index: Six constructs used to assess maternal stressors. (i) value of 1 assigned if mother unemployed or worked less than 20 hours per week or worked more than 60 hours per week, (ii) value of 1 assigned if work was limited due to a disability, (iii) completion of the Rosenburg self-esteem scale, (iv) completion of the 18-item Brief symptom inventory, (v) value assigned to represent general health ranging from excellent to poor (vi) four-item social support questionnaire. 
Family stressor index: 12 indicators to define family stressors. Indicators included: whether the mother owned her house and had housing problems such as problems with plumbing, questions on family routines (eating together, how often mother has family time, children having the same bedtime everynight, cognitive stimulation (13 item), parental monitoring ( sum of 7 items), mother-child activities (sum of 3 items), father involvement (sum of 7 items), lack of financial strain (sum of 5 items), any report of domestic violence for the mother (sum of 12 items). Family structure (mother married or not – 1 was assigned if not married), and whether mother had no health insurance (1 assigned if no health insurance and 1 if adolescent had no health insurance).

 
	Yes
	

	
Valid and Reliable Measurement of Outcome
	The method of outcome measurement used is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and confirmation of outcome with valid and reliable test).
	Yes, all validated sources of outcome measures were used.

	Yes
	

	Method and Setting of Outcome
Measurement
	The method and setting of outcome measurement is the same for all study participants.
	Yes BMI was measured by a trained personnel in the adolescents home  
	Yes
	

	Outcome Measurement Summary
	Outcome of interest is adequately measured in study participants to sufficiently limit potential bias.
	All outcomes of interest were adequately measured in study participants which concluded low bias. 
	
	Low

	

	5. Study Confounding
	Goal: To judge the risk of bias due to confounding (i.e. the effect of PF is distorted by
another factor that is related to PF and outcome).
	
	
	

	Important Confounders Measured
	All important confounders, including treatments (key variables in conceptual model: LIST), are measured.
	Yes. Age, household income. Race/ethnicity, television viewing, limitations due to disability, low birth weight, maternal specific: are biological mother, if she is an immigrant, currently receiving assistance financially or food stamps, education level, maternal bmi and household income ratio
	Yes
	

	Definition of the confounding factor
	Clear definitions of the important confounders measured are provided (e.g., including dose, level, and duration
of exposures).
	Yes all were appropriately defined and are self-explanatory.
	Yes
	

	Valid and Reliable Measurement of Confounders
	Measurement of all important confounders is adequately valid and reliable (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and limited
reliance on recall).
	The measurements were self-reported by the mother.
	Yes
	

	Method and Setting of Confounding
Measurement
	The method and setting of confounding measurement are the same for all study participants.
	Yes all had in home interviews led by trained field investigators.
	Not sure 
	

	Method used for missing data
	Appropriate methods are used if imputation is used for missing confounder data.
	N/A
	N/A
	

	
Appropriate Accounting for Confounding
	Important potential confounders are accounted for in the study design (e.g., matching for key variables,
stratification, or initial assembly of comparable groups).
	Yes
	Yes
	

	
	Important potential confounders are accounted for in the analysis (i.e., appropriate adjustment).
	Yes, as covariates in the statistical analyses 
	Yes
	

	Study Confounding Summary
	Important potential confounders are appropriately accounted for, limiting potential bias with respect to
the relationship between PF and outcome .
	Low bias was concluded. 
	
	Low

	

	6. Statistical Analysis
and Reporting
	Goal: To judge the risk of bias related to the statistical analysis and presentation of results.
	
	
	

	Presentation of analytical strategy
	There is sufficient presentation of data to assess the adequacy of the analysis.
	Yes 
	Yes
	

	
Model development strategy
	The strategy for model building (i.e., inclusion of variables in the statistical model) is appropriate and is based
on a conceptual framework or model.
	Series of logistic regression models used to assess association of obesity/overweight. Two models presented:
1) Food insecurity and the stressor indices estimated overweight using CDC and IOTF classifications of overweight
2) Food insecurity, the stressor indices and the interaction of these indices with food insecurity
The analysis was based on previous literature.
	Yes
	

	
	The selected statistical model is adequate for the design of the study.
	Yes
	Yes
	

	Reporting of results
	There is no selective reporting of results.
	No
	Yes 
	

	Statistical Analysis and Presentation
Summary
	The statistical analysis is appropriate for the design of the study, limiting potential for presentation of
invalid or spurious results.
	Low bias was concluded. 
	
	Low
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	Biases
	Issues to consider for judging overall rating of "Risk of bias"
	Study Methods & Comments
	Rating of reporting
	Rating of "Risk of bias"

	Instructions to assess the risk of each potential bias:
	These issues will guide your thinking and judgment about the overall risk of bias within each of the 6 domains. Some 'issues' may not be relevant to the specific study or the review research question. These issues are taken together to inform the overall judgment of potential bias for each of the 6 domains.
	Provide comments or text exerpts in the white boxes below, as necessary, to facilitate the consensus process that will follow.
	Click on each of the blue cells and choose from the drop down menu to rate the adequacy of reporting as yes, partial, no or unsure.
	Click on the green cells; choose from the drop-down menu to rate potential risk of bias for each of the 6 domains as High, Moderate, or Low considering all relevant issues

	1. Study Participation
	Goal: To judge the risk of selection bias (likelihood that relationship between PF and
outcome is different for participants and eligible non-participants).
	
	
	

	Source of target population
	The source population or population of interest is adequately described for key characteristics (LIST).
	Fragile families and child wellbeing longitudinal study: which follows 4,898 children between 1998-2000 and their unmarried mothers (these were oversampled by a ratio of 3 to 1). Adequate characteristics are provided: adolescent mental health, food insecurity, housing, mother mental health, child gender, race, health insurance, maternal and household characteristics (age, marital status, education, income, prison history, depression, anxiety) adolescent economic hardship experiences
	Yes
	

	Method used to identify population
	The sampling frame and recruitment are adequately described, including methods to identify the sample
sufficient to limit potential bias (number and type used, e.g., referral patterns in health care)
	The study used data from the baseline and year 5-15 interviews. Sampled randomly from stratified random sampling algorithm
	Yes
	

	Recruitment period
	Period of recruitment is adequately described
	Yes 1998-2000
	Yes
	

	Place of recruitment
	Place of recruitment (setting and geographic location) are adequately described
	Yes across 20 major US cities 
	Yes
	

	
Inclusion and exclusion criteria
	Inclusion and exclusion criteria are adequately described (e.g., including explicit diagnostic criteria or “zero time” description).
	Yes
	Yes
	

	Adequate study participation
	There is adequate participation in the study by eligible individuals
	Yes a total of =2,454 in the total analytic sample 
	Yes
	

	Baseline characteristics
	The baseline study sample (i.e., individuals entering the study) is adequately described for key characteristics
(LIST).
	Yes. Analytic sample included families in which the study focal child lived with the biological mother at least half of the time for the Year 5 and Year 9 interviews
	Yes
	

	Summary Study participation
	The study sample represents the population of interest on key characteristics, sufficient to limit
potential bias of the observed relationship between PF and outcome.
	Low bias was concluded for the participants included. 
	
	low

	

	2. Study Attrition
	Goal: To judge the risk of attrition bias (likelihood that relationship between PF and
outcome are different for completing and non-completing participants).
	
	
	

	Proportion of baseline sample available
for analysis
	Response rate (i.e., proportion of study sample completing the study and providing outcome data) is adequate.
	About half of the sample were excluded but this is was still considered large enough sample to gain meaningful results
	Yes
	

	Attempts to collect information on
participants who dropped out
	Attempts to collect information on participants who dropped out of the study are described.
	There was very little missing data in the survey  
	Yes
	

	Reasons and potential impact of
subjects lost to follow-up
	Reasons for loss to follow-up are provided.
	No
	No
	

	Outcome and prognostic factor information on those lost to follow-up
	Participants lost to follow-up are adequately described for key characteristics (LIST).
	No
	No
	

	
	There are no important differences between key characteristics (LIST) and outcomes in participants who
completed the study and those who did not.
	Attrition analysis showed no difference in the missingness between outcomes by demographics 
	Yes
	

	
Study Attrition Summary
	Loss to follow-up (from baseline sample to study population analyzed) is not associated with key characteristics (i.e., the study data adequately represent the sample) sufficient to limit potential bias to the observed relationship between PF and outcome.
	Moderate bias was concluded as those from the most vulnerable or hard-to-reach groups could have been excluded from the sample. 
	
	Moderate 

	
	
	
	
	

	



	3. Prognostic Factor
Measurement
	Goal: To judge the risk of measurement bias related to how PF was measured (differential measurement of PF related to the level of outcome).
	
	
	

	Definition of the PF
	A clear definition or description of 'PF' is provided (e.g., including dose, level, duration of exposure, and clear
specification of the method of measurement).
	Yes food insecurity was defined by the USDA definition of HFI. 
	Yes
	

	
Valid and Reliable Measurement of PF
	Method of PF measurement is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind
measurement and limited reliance on recall).
	Yes, it is a valid method of measurement using a 10-item scale by the USDA
	Yes
	

	
	Continuous variables are reported or appropriate cut-points (i.e., not data-dependent) are used.
	Food insecurity was measured on a two point scale (food insecure and food secure) the cut offs are not defined in the paper
	Yes
	

	Method and Setting of PF Measurement
	The method and setting of measurement of PF is the same for all study participants.
	Yes mothers were provided with the assessment
	Yes
	

	Proportion of data on PF available for
analysis
	Adequate proportion of the study sample has complete data for PF variable.
	Yes N=2454
	Yes
	

	Method used for missing data
	Appropriate methods of imputation are used for missing 'PF' data.
	Yes, missing data was dealt with using multiple imputation by chained equations with predictive mean matching. The missing variable were predicted using the other variables as dependent variables. 
	Yes
	

	PF Measurement Summary
	PF is adequately measured in study participants to sufficiently limit potential bias.
	Yes
	
	low

	

	4. Outcome
Measurement
	Goal: To judge the risk of bias related to the measurement of outcome (differential measurement of outcome related to the baseline level of PF).
	Low bias was concluded as authors used a validated questionnaire for HFI and also addressed missing data using multiple imputation.
	
	

	Definition of the Outcome
	A clear definition of outcome is provided, including duration of follow-up and level and extent of the outcome
construct.
	Yes:
Adolescent aggressive behaviour was defined as disruptive and violent
Adolescent depressive behaviour was defined by symptoms of depression displayed with the youth
Parenting stress: stress of caregiving for the child when the child was aged 9
	Yes
	

	
Valid and Reliable Measurement of Outcome
	The method of outcome measurement used is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and confirmation of outcome with valid and reliable test).
	Depressive symptoms: mother reported behaviour at age 15 of the child using the Child Behaviour Checklist (CBCL)
Aggressive behaviour: mother reported CBCL 
Anxiety symptoms: 6 items of the Brief symptoms inventory 18 item anxiety subscale
Parenting stress: items from the Child Development Supplement of the Panel study of income dynamics and the parent stress inventory
	Yes
	

	Method and Setting of Outcome
Measurement
	The method and setting of outcome measurement is the same for all study participants.
	Yes 
	Yes
	

	Outcome Measurement Summary
	Outcome of interest is adequately measured in study participants to sufficiently limit potential bias.
	Yes all outcome measures were reported using validated questionnaires and low bias was concluded.
	
	Low

	

	5. Study Confounding
	Goal: To judge the risk of bias due to confounding (i.e. the effect of PF is distorted by
another factor that is related to PF and outcome).
	
	
	

	Important Confounders Measured
	All important confounders, including treatments (key variables in conceptual model: LIST), are measured.
	mothers age, mothers race/ethnicity, mothers highest level of education, household income, mothers’ marital status, instrumental support, child gender, household income, family history of mental disorder and year 5 behaviour problems in the corresponding domains

	yes
	

	Definition of the confounding factor
	Clear definitions of the important confounders measured are provided (e.g., including dose, level, and duration
of exposures).
	Yes, all were self-explanatory, and definitions were also provided.
	Yes
	

	Valid and Reliable Measurement of Confounders
	Measurement of all important confounders is adequately valid and reliable (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and limited
reliance on recall).
	Yes: survey answers using mental health surveys, and then general questions about education/employment  
	Yes
	

	Method and Setting of Confounding
Measurement
	The method and setting of confounding measurement are the same for all study participants.
	Yes these are self-reported using the questionnaires that are administered to everyone in the same way
	yes
	

	Method used for missing data
	Appropriate methods are used if imputation is used for missing confounder data.
	Multiple imputation methods  
	Yes
	

	
Appropriate Accounting for Confounding
	Important potential confounders are accounted for in the study design (e.g., matching for key variables,
stratification, or initial assembly of comparable groups).
	Yes for pathways to parenting stress: mothers age, mothers race/ethnicity, mothers highest level of education, household income, mothers’ marital status, instrumental support. 

For pathways to adolescent behaviour problems: controlled for child gender, household income, family history of mental disorder and year 5 behaviour problems in the corresponding domains

	Yes
	

	
	Important potential confounders are accounted for in the analysis (i.e., appropriate adjustment).
	Yes statistical analysis adjusted for covariates
	Yes
	

	Study Confounding Summary
	Important potential confounders are appropriately accounted for, limiting potential bias with respect to
the relationship between PF and outcome .
	Yes low bias was concluded for all confounder variables within the anaysis
	
	low

	

	6. Statistical Analysis
and Reporting
	Goal: To judge the risk of bias related to the statistical analysis and presentation of results.
	
	
	

	Presentation of analytical strategy
	There is sufficient presentation of data to assess the adequacy of the analysis.
	Yes data was presented for 
	Yes
	

	
Model development strategy
	The strategy for model building (i.e., inclusion of variables in the statistical model) is appropriate and is based
on a conceptual framework or model.
	Yes
	Yes
	

	
	The selected statistical model is adequate for the design of the study.
	Yes
	Yes
	

	Reporting of results
	There is no selective reporting of results.
	No
	Yes
	

	Statistical Analysis and Presentation
Summary
	The statistical analysis is appropriate for the design of the study, limiting potential for presentation of
invalid or spurious results.
	Yes
	
	low






	Author and year of publication
	Willis and Fitzpatrick (2016) 

	Study identifier
	

	Reviewer
	

	
	
	
	
	

	Biases
	Issues to consider for judging overall rating of "Risk of bias"
	Study Methods & Comments
	Rating of reporting
	Rating of "Risk of bias"

	Instructions to assess the risk of each potential bias:
	These issues will guide your thinking and judgment about the overall risk of bias within each of the 6 domains. Some 'issues' may not be relevant to the specific study or the review research question. These issues are taken together to inform the overall judgment of potential bias for each of the 6 domains.
	Provide comments or text exerpts in the white boxes below, as necessary, to facilitate the consensus process that will follow.
	Click on each of the blue cells and choose from the drop down menu to rate the adequacy of reporting as yes, partial, no or unsure.
	Click on the green cells; choose from the drop-down menu to rate potential risk of bias for each of the 6 domains as High, Moderate, or Low considering all relevant issues

	1. Study Participation
	Goal: To judge the risk of selection bias (likelihood that relationship between PF and
outcome is different for participants and eligible non-participants).
	
	
	

	Source of target population
	The source population or population of interest is adequately described for key characteristics (LIST).
	Cross sectional data from 5th and 7th graders in a middle school in North west Arkansas administered in late September of 2012: Sample demographics of weight status, age, sex, race, ethnicity, psychosocial resources and risk. No maternal or parental information provided. Demographic provided in code (e.g. Hispanic ethnicity =1) 
	Yes
	

	Method used to identify population
	The sampling frame and recruitment are adequately described, including methods to identify the sample
sufficient to limit potential bias (number and type used, e.g., referral patterns in health care)
	The study initially enrolled 361 students. Not sure how the school was selected. All fifth, sixth and seventh grade students were included in the sampling frame 
	Yes
	

	Recruitment period
	Period of recruitment is adequately described
	Yes September 2012
	Yes
	

	Place of recruitment
	Place of recruitment (setting and geographic location) are adequately described
	Yes school setting in Arkansas. 
	Yes
	

	
Inclusion and exclusion criteria
	Inclusion and exclusion criteria are adequately described (e.g., including explicit diagnostic criteria or “zero time” description).
	Yes: those who did not complete the survey
	Yes
	

	Adequate study participation
	There is adequate participation in the study by eligible individuals
	Yes a total of =2,454 in the total analytic sample 
	Yes
	

	Baseline characteristics
	The baseline study sample (i.e., individuals entering the study) is adequately described for key characteristics
(LIST).
	
Yes fifth, sixth and seventh graders who completed the survey. Description not given in detail
	Yes
	

	Summary Study participation
	The study sample represents the population of interest on key characteristics, sufficient to limit
potential bias of the observed relationship between PF and outcome.
	Description of students not provided in much detail, moderate bias was concluded.
	
	moderate

	

	2. Study Attrition
	Goal: To judge the risk of attrition bias (likelihood that relationship between PF and
outcome are different for completing and non-completing participants).
	
	
	

	Proportion of baseline sample available
for analysis
	Response rate (i.e., proportion of study sample completing the study and providing outcome data) is adequate.
	Yes, out of 361 students N=324 students completed the survey and were included in the study
	Yes
	

	Attempts to collect information on
participants who dropped out
	Attempts to collect information on participants who dropped out of the study are described.
	There was very little missing data in the survey. The authors did collect data to understand the reason for the drop out. 
	Yes
	

	Reasons and potential impact of
subjects lost to follow-up
	Reasons for loss to follow-up are provided.
	Nearly all those who did not complete survey were missing due to absence due to illness or had another form of excused absence. Three students chose not to complete the survey
	Yes
	

	Outcome and prognostic factor information on those lost to follow-up
	Participants lost to follow-up are adequately described for key characteristics (LIST).
	Yes 
	Yes
	

	
	There are no important differences between key characteristics (LIST) and outcomes in participants who
completed the study and those who did not.
	Not sure this was not reported
	Not sure 
	

	
Study Attrition Summary
	Loss to follow-up (from baseline sample to study population analyzed) is not associated with key characteristics (i.e., the study data adequately represent the sample) sufficient to limit potential bias to the observed relationship between PF and outcome.
	Low risk of bias was concluded as there was some indication of why the missingness occurred. 
	
	low

	
	
	
	
	

	

	3. Prognostic Factor
Measurement
	Goal: To judge the risk of measurement bias related to how PF was measured (differential measurement of PF related to the level of outcome).
	
	
	

	Definition of the PF
	A clear definition or description of 'PF' is provided (e.g., including dose, level, duration of exposure, and clear
specification of the method of measurement).
	The definition of HFI was taken from the USDA.  
	Yes
	

	
Valid and Reliable Measurement of PF
	Method of PF measurement is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind
measurement and limited reliance on recall).
	Yes, it is a valid method of measurement from the USDA HFI survey was used.
	yes
	

	
	Continuous variables are reported or appropriate cut-points (i.e., not data-dependent) are used.
	A composite food insecurity scale was computed using the data ranging from 0 to 10. Authors deemed the scale reliable based on the Cronbach’s alpha of 0.84.  – used the data cut off values not provided 
	Yes
	

	Method and Setting of PF Measurement
	The method and setting of measurement of PF is the same for all study participants.
	Yes mothers were told to complete the survey.
	yes
	

	Proportion of data on PF available for
analysis
	Adequate proportion of the study sample has complete data for PF variable.
	Yes N=2454
	Yes
	

	Method used for missing data
	Appropriate methods of imputation are used for missing 'PF' data.
	Yes missing data was dealt with using multiple imputation by chained equations with predictive mean matching. The missing variable were predicted using the other variables as dependent variables. 
	Yes
	

	PF Measurement Summary
	PF is adequately measured in study participants to sufficiently limit potential bias.
	There was some bias detected as missing data was imputed depending on the values that were present in the data and a lack of information was provided for the demographics of the participants who were missing.
	
	Moderate

	

	4. Outcome
Measurement
	Goal: To judge the risk of bias related to the measurement of outcome (differential measurement of outcome related to the baseline level of PF).
	
	
	

	Definition of the Outcome
	A clear definition of outcome is provided, including duration of follow-up and level and extent of the outcome
construct.
	Yes:
Weight status: categories determined by the CDC
Poverty: defined by whether children pay for their school lunch or receive a free or reduced-price lunch
Depression: symptoms of depression
Social capital: about the child’s close friends/ acquaintances 
Self esteem: how children perceive themselves in comparison to others
Perceived social class/status: how children perceive their household socioeconomic status and economic situation at home



	yes
	

	
Valid and Reliable Measurement of Outcome
	The method of outcome measurement used is adequately valid and reliable to limit misclassification bias (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and confirmation of outcome with valid and reliable test).
	Depression: shortened version of the Center for Epidemiological studies for depression scale

Poverty: using proxy measure of free school meals or reduced school lunches

Depression: 8 item measure of the original 20 item center for epidemiological studies for depression scale (CES-D scale)

Social capital: numerical response, answering the question “how many close friends do you have?” – children were given cues on how to distinguish between close friends, friends and acquantainces – there is no more information about these cues 

Self esteem: The 10 item Rosenberg’s self esteem index used as an indicator of psychological measure 

Perceived social class: questions such as “thinking about the money your family has and the things your family owns, would you think of your family as…” and then a chose of class for example (upper, middle, lower class”). How these classes are defined and explained to the adolescents is not provided.
	yes
	

	Method and Setting of Outcome
Measurement
	The method and setting of outcome measurement is the same for all study participants.
	Yes 
	yes
	

	Outcome Measurement Summary
	Outcome of interest is adequately measured in study participants to sufficiently limit potential bias.
	Yes: however, some definitions such as of the class system and the basis of questions and their validity is not provided 
	
	Moderate 

	

	5. Study Confounding
	Goal: To judge the risk of bias due to confounding (i.e. the effect of PF is distorted by
another factor that is related to PF and outcome).
	
	
	

	Important Confounders Measured
	All important confounders, including treatments (key variables in conceptual model: LIST), are measured.
	Sex and ethnicity the only controls that were deemed meaningful. Age was not used, as this was an age-specific sample. 
	Yes
	

	Definition of the confounding factor
	Clear definitions of the important confounders measured are provided (e.g., including dose, level, and duration
of exposures).
	Yes 
	Yes
	

	Valid and Reliable Measurement of Confounders
	Measurement of all important confounders is adequately valid and reliable (e.g., may include relevant outside sources of information on measurement properties, also characteristics, such as blind measurement and limited
reliance on recall).
	Yes, self-reported by adolescents 
	Yes
	

	Method and Setting of Confounding
Measurement
	The method and setting of confounding measurement are the same for all study participants.
	Yes these are self reported using the questionnaires that are administered to everyone in the same way
	Yes
	

	Method used for missing data
	Appropriate methods are used if imputation is used for missing confounder data.
	All cases with missing key data were excluded   
	yes
	

	
Appropriate Accounting for Confounding
	Important potential confounders are accounted for in the study design (e.g., matching for key variables,
stratification, or initial assembly of comparable groups).
	No – not household information is provided 
	no
	

	
	Important potential confounders are accounted for in the analysis (i.e., appropriate adjustment).
	No confounders were limited to only age and ethnicity, other markers such as SES were not included. 
	yes
	

	Study Confounding Summary
	Important potential confounders are appropriately accounted for, limiting potential bias with respect to
the relationship between PF and outcome .
	Moderate bias was concluded because not confounders used to adjust the analysis were limited.
	
	moderate

	

	6. Statistical Analysis
and Reporting
	Goal: To judge the risk of bias related to the statistical analysis and presentation of results.
	
	
	

	Presentation of analytical strategy
	There is sufficient presentation of data to assess the adequacy of the analysis.
	Yes
	Yes
	

	
Model development strategy
	The strategy for model building (i.e., inclusion of variables in the statistical model) is appropriate and is based
on a conceptual framework or model.
	The study cited the previous literature as justification for the model, but it was unclear why key confounders were excluded.
	Unsure
	

	
	The selected statistical model is adequate for the design of the study.
	Yes
	Yes
	

	Reporting of results
	There is no selective reporting of results.
	No
	Yes
	

	Statistical Analysis and Presentation
Summary
	The statistical analysis is appropriate for the design of the study, limiting potential for presentation of
invalid or spurious results.
	Moderate bias was concluded.
	
	Moderate 
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	Provision
	England
	Wales
	Scotland
	Northern Ireland 

	FSM and Universal FSM
	· Universal provision for infant children
· Means-tested provision for all other aged children

	· Currently in the process of rolling out universal FSM for all primary school children (currently providing to infants only)
· Means-tested provisions for secondary aged children
	· All primary school children (primary 1 to 5) receive universal FSM
· Secondary school children receive means-tested FSM
	· FSM only provided based on a means-tested, eligibility criteria for all children of all ages

	Breakfast clubs
	· A voluntary school food provision for schools to partake in
· Most run on school premises but some can take place in community centres 
· Open to all children not means-tested
· Charities and other third-party organisations fund breakfast clubs such as the Magic Breakfast scheme 
· Schools in disadvantaged areas can apply to be part of the National School Breakfast Club programme to offer breakfast at no cost to parents
	· All primary school children can receive free breakfast under the Free breakfast in primary schools’ scheme in schools which are maintained by the local authority
· In secondary schools and schools not maintained by local authority, breakfast clubs are funded by charities and other third-party organisations and the schools themselves – these breakfast clubs vary in price 
	· The Magic Breakfast scheme and Greggs Foundation Breakfast clubs are a charity and organisation, respectively that fund breakfast clubs in Scotland
· Schools can also fund their breakfast clubs
· Some breakfast clubs (e.g. those funded by Gregg’s foundation) must have a certain % of children receiving FSM to claim for the funding or have schools based in a deprived area
· The price of breakfast clubs can vary between schools, in some primary schools all children receive a free breakfast club, some are free to only those in receipt of FSM and some incur a cost to parents
	· Breakfast clubs are funded by charities and organisations such as the Kellogg’s Best Breakfast Club or the school themselves.
· Breakfast club prices vary between schools 

	Holiday clubs (extended food provision) 
	· Since 2018, the holiday activities and food programme has funded holiday club participation for children in receipt of FSM
· Infant children who receive universal FSM can only attend the programme if they are also eligibile for benefits-related FSM
· The government programme also encourages local authorities to make clubs available to children who do not receive FSM but can afford to attend them. There is subsidy of 15% of school funding for children who do not qualify for attendance but could benefit from the programme such as those who live in high areas of deprivation, those who arei n care, those with low attendance, young carers, and children transitioning between nursery, primary school and secondary school
· Holiday clubs and their activities vary between clubs and there are various programmes in different areas of England, that operate independently such as the Kitchen Social programme in London
· Parents are often invited to join holiday club activities 
· Holiday clubs can be provided in school, in community centres or by churches
· Some holiday clubs are run by volunteers 
· There is no standard meal plan or food guidelines to follow by these clubs
	· The Welsh programme run a Food and Fun school-based education programme during the school holidays for participating schools
· The programme targets families on a geographical basis, to reduce the impact of poverty and social deprivation on children and avoids stigma by not targeting individual families
· Some holiday clubs are run by volunteers and in community centres and churches – there is no food and nutrition guidelines that these programmes must adhere to 
· Parents may join holiday club activities


	· From 2022, the Scottish government provided local authorities with 85% funding to operate holiday clubs for children aged 5-14 years from low-income families
· The remaining 15% of funding was provided on a flexible basis to local authorities, at their discretion, for providing holiday clubs to reach other children, such as those in care, including under 5 and older children 
· Holiday clubs are also run by community centres, and churches in Scotland with volunteers, and the cost of these clubs varies between clubs

	· Holiday clubs are run by community, voluntary, charitable, religious groups and programmes delivered by the local authority.
· Cost of these clubs varies between each club 

	School Fruit and Vegetable scheme 
	· The scheme is available for children aged 4-6 years who attend a state-funded infant, primary, or special school 
· The scheme allows children to receive a free piece of fruit or vegetable each day
	· 
	· 
	· 







[bookmark: _B2:_Search_strategies][bookmark: _Toc206700703]B2: Search strategies

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations and Daily <1946 to April 07, 2022>

1	*Schools/	21231
2	*School Teachers/	1424
3	School*.ti,ab.	315709
4	teach*.ti,ab.	212881
5	education.ti,ab.	510302
6	1 or 2 or 3 or 4 or 5	902185
7	Policy Making/ or Nutrition Policy/ or Public Policy/ or Health Policy/ or Policy/	128662
8	policy.ti,ab.	219036
9	policies.ti,ab.	110435
10	intervention*.ti,ab.	1175234
11	initiative*.ti,ab.	101922
12	7 or 8 or 9 or 10 or 11	1569967
13	Diet/	176456
14	diet*.ti,ab.	624383
15	Meals/	4320
16	meal*.ti,ab.	79143
17	(eat or eating).ti,ab.	102424
18	feed*.ti,ab.	479379
19	food*.ti,ab.	539618
20	lunch*.ti,ab.	7803
21	nutriti*.ti,ab.	320652
22	13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21	1704602
23	Child Development/ or Child/ or Child Nutrition Sciences/ or Child Health/	1853124
24	child*.ti,ab.	1520715
25	Adolescent Behavior/ or Adolescent/ or Adolescent Health/ or Adolescent Development/	2169759
26	adolescen*.ti,ab.	316471
27	teen.ti,ab.	5931
28	youth.ti,ab.	77247
29	23 or 24 or 25 or 26 or 27 or 28	3666924
30	exp United Kingdom/	383836
31	(national health service* or nhs*).ti,ab,in.	241556
32	(english not ((published or publication* or translat* or written or language* or speak* or literature or citation*) adj5 english)).ti,ab.	44052
33	(gb or "g.b." or britain* or (british* not "british columbia") or uk or "u.k." or united kingdom* or (england* not "new england") or northern ireland* or northern irish* or scotland* or scottish* or ((wales or "south wales") not "new south wales") or welsh*).ti,ab,jw,in.	2291852
34	(bath or "bath's" or ((birmingham not alabama*) or ("birmingham's" not alabama*) or bradford or "bradford's" or brighton or "brighton's" or bristol or "bristol's" or carlisle* or "carlisle's" or (cambridge not (massachusetts* or boston* or harvard*)) or ("cambridge's" not (massachusetts* or boston* or harvard*)) or (canterbury not zealand*) or ("canterbury's" not zealand*) or chelmsford or "chelmsford's" or chester or "chester's" or chichester or "chichester's" or coventry or "coventry's" or derby or "derby's" or (durham not (carolina* or nc)) or ("durham's" not (carolina* or nc)) or ely or "ely's" or exeter or "exeter's" or gloucester or "gloucester's" or hereford or "hereford's" or hull or "hull's" or lancaster or "lancaster's" or leeds* or leicester or "leicester's" or (lincoln not nebraska*) or ("lincoln's" not nebraska*) or (liverpool not (new south wales* or nsw)) or ("liverpool's" not (new south wales* or nsw)) or ((london not (ontario* or ont or toronto*)) or ("london's" not (ontario* or ont or toronto*)) or manchester or "manchester's" or (newcastle not (new south wales* or nsw)) or ("newcastle's" not (new south wales* or nsw)) or norwich or "norwich's" or nottingham or "nottingham's" or oxford or "oxford's" or peterborough or "peterborough's" or plymouth or "plymouth's" or portsmouth or "portsmouth's" or preston or "preston's" or ripon or "ripon's" or salford or "salford's" or salisbury or "salisbury's" or sheffield or "sheffield's" or southampton or "southampton's" or st albans or stoke or "stoke's" or sunderland or "sunderland's" or truro or "truro's" or wakefield or "wakefield's" or wells or westminster or "westminster's" or winchester or "winchester's" or wolverhampton or "wolverhampton's" or (worcester not (massachusetts* or boston* or harvard*)) or ("worcester's" not (massachusetts* or boston* or harvard*)) or (york not ("new york*" or ny or ontario* or ont or toronto*)) or ("york's" not ("new york*" or ny or ontario* or ont or toronto*))))).ti,ab,in.	1606278
35	(bangor or "bangor's" or cardiff or "cardiff's" or newport or "newport's" or st asaph or "st asaph's" or st davids or swansea or "swansea's").ti,ab,in.	64088
36	(aberdeen or "aberdeen's" or dundee or "dundee's" or edinburgh or "edinburgh's" or glasgow or "glasgow's" or inverness or (perth not australia*) or ("perth's" not australia*) or stirling or "stirling's").ti,ab,in.	236956
37	(armagh or "armagh's" or belfast or "belfast's" or lisburn or "lisburn's" or londonderry or "londonderry's" or derry or "derry's" or newry or "newry's").ti,ab,in.	30612
38	or/30-37	2877757
39	(exp africa/ or exp americas/ or exp antarctic regions/ or exp arctic regions/ or exp asia/ or exp australia/ or exp oceania/) not (exp United Kingdom/ or europe/)	3179598
40	38 not 39	2728442
41	6 and 12 and 22 and 29 and 40	1452
42	41 and 2014:2022.(sa_year).	913


Embase <1974 to 2022 April 07>

1	*Schools/	17177
2	*School Teachers/	909
3	School*.ti,ab.	384550
4	teach*.ti,ab.	276451
5	education.ti,ab.	673427
6	1 or 2 or 3 or 4 or 5	1158846
7	Policy Making/ or Nutrition Policy/ or Public Policy/ or Health Policy/ or Policy/	313686
8	policy.ti,ab.	263724
9	policies.ti,ab.	127059
10	intervention*.ti,ab.	1628281
11	initiative*.ti,ab.	144096
12	7 or 8 or 9 or 10 or 11	2220879
13	Diet/	236115
14	diet*.ti,ab.	784936
15	Meals/	18621
16	meal*.ti,ab.	102925
17	(eat or eating).ti,ab.	136182
18	feed*.ti,ab.	580400
19	food*.ti,ab.	652027
20	lunch*.ti,ab.	11087
21	nutriti*.ti,ab.	416584
22	13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21	2096633
23	Child Development/ or Child/ or Child Nutrition Sciences/ or Child Health/	1961976
24	child*.ti,ab.	1916790
25	Adolescent Behavior/ or Adolescent/ or Adolescent Health/ or Adolescent Development/	1664860
26	adolescen*.ti,ab.	411703
27	teen.ti,ab.	7530
28	youth.ti,ab.	94963
29	23 or 24 or 25 or 26 or 27 or 28	3563123
30	exp United Kingdom/	442585
31	(national health service* or nhs*).ti,ab,in.	355409
32	(english not ((published or publication* or translat* or written or language* or speak* or literature or citation*) adj5 english)).ti,ab.	52309
33	(gb or "g.b." or britain* or (british* not "british columbia") or uk or "u.k." or united kingdom* or (england* not "new england") or northern ireland* or northern irish* or scotland* or scottish* or ((wales or "south wales") not "new south wales") or welsh*).ti,ab,jw,in.	3401860
34	(bath or "bath's" or ((birmingham not alabama*) or ("birmingham's" not alabama*) or bradford or "bradford's" or brighton or "brighton's" or bristol or "bristol's" or carlisle* or "carlisle's" or (cambridge not (massachusetts* or boston* or harvard*)) or ("cambridge's" not (massachusetts* or boston* or harvard*)) or (canterbury not zealand*) or ("canterbury's" not zealand*) or chelmsford or "chelmsford's" or chester or "chester's" or chichester or "chichester's" or coventry or "coventry's" or derby or "derby's" or (durham not (carolina* or nc)) or ("durham's" not (carolina* or nc)) or ely or "ely's" or exeter or "exeter's" or gloucester or "gloucester's" or hereford or "hereford's" or hull or "hull's" or lancaster or "lancaster's" or leeds* or leicester or "leicester's" or (lincoln not nebraska*) or ("lincoln's" not nebraska*) or (liverpool not (new south wales* or nsw)) or ("liverpool's" not (new south wales* or nsw)) or ((london not (ontario* or ont or toronto*)) or ("london's" not (ontario* or ont or toronto*)) or manchester or "manchester's" or (newcastle not (new south wales* or nsw)) or ("newcastle's" not (new south wales* or nsw)) or norwich or "norwich's" or nottingham or "nottingham's" or oxford or "oxford's" or peterborough or "peterborough's" or plymouth or "plymouth's" or portsmouth or "portsmouth's" or preston or "preston's" or ripon or "ripon's" or salford or "salford's" or salisbury or "salisbury's" or sheffield or "sheffield's" or southampton or "southampton's" or st albans or stoke or "stoke's" or sunderland or "sunderland's" or truro or "truro's" or wakefield or "wakefield's" or wells or westminster or "westminster's" or winchester or "winchester's" or wolverhampton or "wolverhampton's" or (worcester not (massachusetts* or boston* or harvard*)) or ("worcester's" not (massachusetts* or boston* or harvard*)) or (york not ("new york*" or ny or ontario* or ont or toronto*)) or ("york's" not ("new york*" or ny or ontario* or ont or toronto*))))).ti,ab,in.	2681817
35	(bangor or "bangor's" or cardiff or "cardiff's" or newport or "newport's" or st asaph or "st asaph's" or st davids or swansea or "swansea's").ti,ab,in.	110099
36	(aberdeen or "aberdeen's" or dundee or "dundee's" or edinburgh or "edinburgh's" or glasgow or "glasgow's" or inverness or (perth not australia*) or ("perth's" not australia*) or stirling or "stirling's").ti,ab,in.	368997
37	(armagh or "armagh's" or belfast or "belfast's" or lisburn or "lisburn's" or londonderry or "londonderry's" or derry or "derry's" or newry or "newry's").ti,ab,in.	50779
38	or/30-37	4160673
39	(exp africa/ or exp americas/ or exp antarctic regions/ or exp arctic regions/ or exp asia/ or exp australia/ or exp oceania/) not (exp United Kingdom/ or europe/)	3360793
40	38 not 39	3927076
41	6 and 12 and 22 and 29 and 40	2203
42	41 and 2014:2022.(sa_year).	1343

[bookmark: _B2:_Inclusion_and][bookmark: _B3:_Inclusion_and][bookmark: _Toc206700704]B3: Inclusion and exclusion criteria
	Criteria points
	Inclusion 
	Exclusion 

	Population 
	· School aged children ages 4-16 years old 
· Their parents and teachers?
	· Non- human studies 

	Geography
	· United Kingdom; England, Scotland, Wales, Northern Ireland   
	· Non-UK countries 

	Study design
	· Studies and reviews based on real world evidence 
· RCTs (if big sample size)
	· Survey
· Qualitative studies 
· Feasibility trials or small-scale pilot trials
· Conference abstract

	Settings
	· Primary and Secondary schools
	· Non-school settings

	Exposure of interest 
	· Policy implementation 
· Policy uptake particularly in socioeconomically disadvantaged areas of the UK 
	

	Outcome of interest 
	· Impact of exposure on Household food insecurity
· Child physical health: BMI, height, weight 
· Child mental health: psychological distress, stress, emotional eating
· Child social health: participation in school activities, interaction with peers during enrichment activities
· Nutritional targets of policies
· Uptake of policies
· Hunger 
· Participation and uptake of policies 
· cost-effectiveness outcomes
· morbidity 
	Qualitative outcomes 

	Language 
	· English language studies
	· Non- English language studies 

	Date of publication 
	· Articles published from 2014   
	· Articles published prior to 2014

	
	· 
	· 
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	Author (year) 
	Source
	Country
	Document type (e.g government report) 
	Study design (qualitative or quantitative)
	Study population (sample size)
	Aims of the document
	Outcomes
	Comparator
	Statistical technique 
	Key results

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	













[bookmark: _Toc206700706]B5:  Key characteristics of included studies
	Author (year)
	Country
	Design
	Intervention
	Child age (years)
	Study sample size
	Outcomes
	Comparators 
	Analysis aims
	Statistical methods
	Impact level

	Crawford (2019)
	England
	RCT
	Universal Free Breakfast Provision 
	6-11 
	N=86 schools and N=234 teachers (behaviour outcomes),
N=79 schools (health outcomes)
N=71 schools, N=
N=79 (pupil hunger)
N=71 (total number of schools)
	Child weight, diet quality, child mental health and behaviour costings and cost-effectiveness
	Free breakfast for all students in intervention school’s vs usual practice in control schools. targeting schools where 35% were FSM eligible 
	Compare breakfast consumption, attendance rates, teacher reported behavioural outcomes, child BMI for key stage 1 and key stage 2 pupils 
	Effect size calculated using OLS for all outcomes except hunger which was analysed by logistic regression with categories (‘ate breakfast, ‘ate breakfast at school’ and ‘hungry at the start of the morning’
	School-level (teacher-reported behaviour and BMI) and individual level (demographic information, breakfast consumption and hunger)

	Crilley (2021)
	England
	Quasiexperimental, repeated measures design
	Holiday club – Kitchen Social programme
	7-16 
	N=57 
	Diet quality
	Club days vs non club days
	Comparison of 24-hour dietary recall data collected on club vs non club days
	Paired sample T-tests (overall analyses of diet on attending vs non attending days) 
	Individual level


	Defeyeter (2018)
	England
	Mixed methods, cross-sectional with longitudinal elements
	Holiday club – A Day out not a handout
	4-14 
	N=133 (parents) N=266 (children)
	Diet quality, child mental health and behaviour
	Club days vs non club days
	Comparison of a 24-hour food dietary for a day of club attendance vs a day of non-club attendance
	Only descriptive statistics performed. 
Qualitative interview responses reported.
	Individual-level (parent and child)

	Evans (2015)
	England
	Cross-sectional 
	School meal type
	6-8 
	N=2,709
	Diet quality
	School meals vs packed lunches
	24-hour dietary recall for assessment of school lunch and its contribution towards children diet
	Multilevel regression modelling to compare nutrient intake. 
Logistic regression to compare each food e.g. snacks) type within each meal type (e.g. hot school lunch). 
	Individual-level

	Fogarty (2007)
	England
	Quasiexperimental
	National School Fruit Scheme
	6-8 years
	N=5,606 (year 2003), N=5,111 (year 2004), N=3,382 
	Diet quality
	Comparing schools in a region that had the national fruit scheme vs schools in a different region that did not receive fruit at any stage
	Fruit consumption measured in year 1 (2003), then in May 2004, and then in May 2005 when the children were 7-8 years old
	T-test 
	School-level

	Gatenby (2011)
	England
	Cross-sectional, longitudinal observed
	School meal type
	8-11 
	N=20
	Diet quality
	School meal vs packed lunch
	Two primary schools assessed, one in a lower income area and one in a higher income area. 
5-day food diaries completed on 5 consecutive days
	Two-tailed independent t-test
	Individual-level

	Graham (2017)
	England
	Mixed methods, repeated cross-sectional, longitudinal, process evaluation
	Breakfast clubs
	4-16
	N=40 schools
	Uptake and food insecurity/ child hunger
	Pre and post policy implementation of breakfast clubs in highly deprived areas
	Data on attendance, and child’s perception of hunger was collected for one week at four time points: first month after the introduction of the club, near the end of the academic year, near the end of the programme and 6 months after the programme had ended
	Only descriptive statistics
	Individual-level and school-level

	Haroun (2011)
	England
	Cross-sectional
	School food and nutrient standards
	3-11
	N=6696 (children), N=136 (primary schools)
	Diet quality
	Schools who met only food-based standards vs schools who met both food and nutrient standards
	Child diet quality was monitored over 5 days for salt and macronutrients
	Multilevel regression 
	Individual-level (pupils food choices and nutrient intake) and school-level

	Harrison (2013)
	England
	Cross-sectional
	School lunch type
	9-10 
	N=1626 children, N=90 primary schools
	Diet quality
	School meal content vs packed lunch content
	Diet quality of child measured in four-day diaries (2 days completed while at school)
	Multilevel regression
	Individual and school-level

	Holford (2015)
	Scotland
	Quasiexperimental
	Universal Free School Meals
	4-11 
	Every primary school in Scotland
	FSM take up rate
	Take up prior to 2007-2008, throughout the pilot trial period and period up to 2014
	Take up pre and post policy. 
	School and year fixed effects variable regression modelling 
	School-level

	Holford and Rabe (2022)
	England
	Quasiexperimental
	Universal infant Free school meals
	4-5 
	N=17,776 schools in England
	Obesity (BMI score)
	Childs weight and height year before the introduction to universal FSM in 2014/2015 compared to after exposure to the scheme
	Assessed the impact of length of exposure to the scheme to child body weight outcomes (BMI z score) throughout the school year
	Fixed effects difference in difference
	School-level

	Jenkins (2015) 
	Wales
	Cluster RCT
	Primary breakfast club
	9-11 
	N=4,350 (children) 
N=111 (primary schools) 
	Diet quality 
	Breakfast club vs eating breakfast at home 
	Assessing the nutrient quality of breakfast consumed at home versus at the breakfast club. Assessing the impact of the club on the diets of children from more deprived backgrounds vs less deprived backgrounds. 6-9 children from each school provided data using a 24-hour food diary
	T-test
	Group-level

	Dearden et al., (2013)
	England
	Mixed methods, Quasiexperimental 
	FSM (universal and extended entitlement pilot)
	4-16
	N=1445 (Area A)
N=
	Take up. 
Diet,
Child BMI 

	Means tested FSM vs Universal, Extended entitlement compared to similar pupils in comparison schools, and to pre-pilot trial period.
	Assessing a 2-year pilot from 2009 to 2011 in 3 local authorities (Newham primary school universal, Durham primary school universal, Wolverhampton primary and secondary school – universal extended entitlement). 
	Propensity score matching (considered factors such as age, sex, ethnicity, prior attainment and socioeconomic background)
	School-level, group level (BMI)

	Long (2018) 
	England, Scotland and Wales
	Mixed methods, programme evaluations, cross-sectional
	Holiday club – Public Health England and Brakes UK 
	2-18 
	N=38 parents and children from N=7 holiday clubs 
	Food insecurity and costings
	No comparators – assessment of impact on food insecurity
	Parents were asked about their experience of HFI (6-item survey) impacted by the holiday clubs 
	Permutation methods (comparison of food secure and food insecure groups)
	Household-level

	MacLardie (2008)
	Scotland
	Mixed methods, programme evaluation, cross-sectional
	Universal Free School Meal
	4-8 
	N=478 schools
	Policy uptake and costings
	Pre (means-tested FSM) and post (universal FSM) in infant children
	Take-up rates and costs associated with pre-and post-UFSM. 
	Descriptive statistics
	School-level

	Mann (2020)
	England
	Mixed methods, programme evaluation, cross-sectional
	Holiday club – Kitchen Social
	4-16 
	N=57 children
	Diet quality
	Club days vs non-club days
	24-hour dietary intake recorded for a club day vs a non-club day
	ANOVA – used to compare number of calories from protein, fat and carbs along with amount of saturated fat consumed
Descriptive statistics
	Individual-level and group-level

	Morgan (2019)
	Wales 
	Mixed methods programme evaluation – cross-sectional
	Holiday club – Food and Fun clubs
	4-16 
	N=196 (children) 
N=84 (parents)
N=84 (children analysed for physical activity 
	Diet quality and physical activity
	Pre- and post-holiday kitchen food and fun clubs 
	Impact on household deprivation, cost, children’s diet quality and physical activity.
Diet quality and physical activity monitored over weekly visits over 4 weeks.
	Paired t-tests
	Individual and group-level

	McNeil (2017)
	Scotland
	Cross-sectional surveys 
	School food and nutrient standards
	3-17
	Pre-policy 2006 (N=1700) post policy (N=1906)
	Dietary intake
	Pre and post change to the school food standards policy
	24-hour dietary recall observed
Comparison of two cross-sectional surveys taken before and after standards (2006 pre and 2010 post)
	Linear regression models
	Individual and group-level

	Moore (2014)
	Wales
	Secondary analysis of Cluster RCT (below)
	Breakfast club – Primary School Free Breakfast Initiative 
	9-11 
	N=111 (primary schools)
N=4,350 (children)
N=4,472 (follow up)
	Diet quality,
Child behaviour (teacher-reported hyperactivity)
	Intervention schools receiving breakfast club vs control schools who received no national breakfast scheme. Assessed the dietary quality of breakfasts consumed at home vs at school
	One child per school from year 5 and one from year 6 provided 24-hour dietary data at baseline and at 12 month follow up
	Linear regression model – with intention to treat analysis 
	School-level

	Murphy (2011)
	Wales 
	Cluster RCT
	Breakfast clubs – Primary School Free Breakfast initiative 
	9-11 
	N=4,359 (baseline)
N=4,472 (follow up) in N=111 (schools)
	Diet quality, Uptake of policy, child mental health ad behaviour
	Intervention schools receiving breakfast club vs control schools who received no national breakfast scheme.
	One child per school from year 5 and one from year 6 provided 24-hour dietary data at baseline and at 12 month follow up
	School level linear regression models with intention to treat analysis 
	School-level 

	O’Connor (2014)
	England
	Qualitative, cross-sectional
	Holiday clubs- Holiday Kitchen
	4-16 
	N=6-10 centres that provided feedback
N=284 participants over the age of 11 years
	Diet quality, costings, child mental health and behaviour
	Club days versus no club days – financial strain, diet quality, family bond and behaviour 
Club run in a low-income area
	Parent and children surveys were undertaken before and after the running of the 8-day holiday club 
	Descriptive statistics
	Individual and club-level

	Parnham (2022)
	Scotland and England
	Natural experiment, Cross-sectional
	Universal Infant Free School Meals
	4-7 (used as intervention) and 8-11 (used as controls)
	N=458 (infants)
N=401 (juniors)
	Dietary intake
	Comparison of diet quality of children who had received universal FSM to those who had not (pre and post policy) (infant vs juniors)
	Pooled data from the national diet and nutrition survey was assessed pre and post UIFSM for impact on die. Three of four-day diaries.
	Difference in difference analysis and bivariate statistical tests
	Individual-level

	Parnham (2022b)
	UK
	Cross-sectional 
	School meal type- school lunch vs packed lunch
	4-18
	N=3303
	Dietary intake
	Packed lunch versus school meals
	National Diet and Nutrition survey pooled data from 2008-2017 used. 
Recorded over three or four consecutive days. Data examined for ultra-processed food content and dietary intake in general between school meals and packed lunches
	T-test, Chi-Squared tests
	Individual-level

	Prynne (2011)
	England
	Cross-sectional 
	School meal type- school lunch vs packed lunch
	14-15 
	N=747 (individuals) from N=18 secondary schools
	Dietary intake
	Diet quality of school meals vs packed lunches
	Dietary data was recorded over 4 days (two weekends and two weekdays) in 2006 and nutrient and diet quality compared for children eating packed lunches and school meals
	ANOVA 
	Individual-level

	Rahim et al., (2010)
	England
	Qualitative, Quasiexperimental 
	FSM (universal and extended entitlement pilot)
	4-16
	N=1445 (Area A)
N=
	Take up, 
eating behaviour, diet, time and cost-savings to parents

	Means tested FSM vs Universal, Extended entitlement
	Assessing a 2-year pilot from 2009 to 2011 in 3 local authorities (Newham primary school universal, Durham primary school universal, Wolverhampton primary and secondary school – universal extended entitlement).
	Qualitative responses from parents, children and staff.
	Individual-level

	Ransley (2007)
	England
	Non-randomised controlled trial 
	National Fruit and Vegetable scheme 
	4-6
	N=3,703
	Dietary intake
	Intervention schools with the fruit and vegetable scheme vs schools without the scheme
	Fruit and vegetable consumption measured at baseline, 3 months and 7 months post intervention in year 1 (age 4-5) and year 2(age 5-6) 
	Multilevel regression 
	School-level

	Rees (2008)
	England
	Cross-sectional
	School food type
	6-11 
	N=120 (four primary schools in Cornwall)
	Dietary intake
	Nutritional content in school meal vs packed lunches
	The measurements were taken using portion sizes judged by household measures and help from catering staff. Additional information was provided by packaging. 
	Difference in mean group determined by independent t-tests
	School and individual level

	Sahota et al., (2014) 
	England
	Qualitative 
	Free School Meals
	4-16
	N=4 secondary and N=4 primary schools
	Take-up
	Staff, parent and child perception of barriers to take-up 
	Interviews and focus groups conducted over 2 months during school hours. 
A previous scoping review informed question.
	Interview responses in free text 
	Individual-level

	Sellen (2018)
	England and Scotland
	Natural experiment, mixed methods
	Universal Infant Free School Meals
	4-7 
	N=1008 (academies and free schools)
N=1792 (LA maintained schools)
But N=40 used for piloting and N=2536 for the school survey
	Take up, social and health and costs/ time savings (parent perception), child behaviour (teacher reported)
	Universal free school meals vs previous means tested FSM
	The national pupil database and ONS living cost and food survey was analysed for take up rates.
Parent perception of cost and time-savings.

	Descriptive statistics. 
Economic modelling (calculation of net present value for cost and benefits over 10-year period using 3.5% discount rate).
	Individual-level

	Spence (2013)
	England
	Natural experiment, Repeated cross-sectional design
	School food standards pre and post policy
	4-7 
	N=385 in 2003/2004 and N=632 in 2008/2009
	Diet quality
	School food standards pre and post changing policy
	Dietary quality assessed within 6 daily time slots for 4 consecutive days (three weekdays and one weekend). Assessment of direct effect of the new standards on school lunch diet and, the total diet of children
	Linear mixed effects model
	Individual-level

	Spence (2014a)
	England
	Natural experiment, Repeated cross-sectional design
	School food and nutrient standards
	11-12 
	N=298 (1999/2000)
N=215 (2009/2010)
	Diet quality
	Pre and policy comparison
	Dietary data measured in 1999/2000 compared to 2009/10. Looking at take up and macro/micronutrient intake of packed lunch and school meal and total diet measured using validated 4-day food diaries,
	Linear mixed effects model
	Individual-level

	Spence (2014b)
	England
	Natural experiment, Repeated cross-sectional design
	School food and nutrient standards
	4-7 
	N=268 (2003/2004) N=624 (2008/2009)
	Diet quality
	Pre and post policy comparison
	Dietary intake measured on 3 consecutive days one in the weekend the others on the weekday
	Logistic regression examining change in school lunch take up by year and level of deprivation 
	Individual-level

	Spence (2021)
	England
	Natural experiment, repeated cross-sectional survey 
	Universal Infant Free School Meals
	4-7
	N=121 (2008/2009)
N=87 (2017/2019)
	Diet quality
	Pre and post scheme
	Effects of change in the dietary intake of mean macro and micronutrient content were predicted between 2008/09 and 2017/2018 at lunch time and the total diet.
	Linear regression 
	Individual-level

	Taher (2020)
	UK
	Secondary data analysis
	School meal type 
	11-18
	N=2118
	Diet quality
	School meals vs packed lunch
	Data from the National Diet and Nutrition Survey were examined for children eating packed lunch or school meals over a 4-day food diary
	Linear and multiple regression 
	Individual-level

	Yang (2022)
	UK
	Cross- sectional 
	Free School Meals
	7-17 
(mean age 11)
	N=2126
	Child mental health and food insecurity
	Impact of food insecurity on child mental health in children receiving FSM vs not receiving FSM
	Surveys were administered during the COVID pandemic where non-infant children responded to questions about stigma, FSM perception, and food insecurity as well as their own mental health
	Chi squared to test- to see difference in participant characteristics, responses, in those receiving FSM vs non-FSM children
	Individual-level
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[image: ]
Application 044755


Section A: Applicant details


Date application started:
Mon 10 January 2022 at 10:14

First name:
Sarah

Last name:
Abraham

Email:
sjabraham1@sheffield.ac.uk

Programme name:
Public Health Economics and Decision Science

Module name:
HARR05
Last updated:
02/03/2022

Department:
Population Health [Archived]

Applying as:
Postgraduate research

Research project title:
How do school-based food provision initiatives help to reduce inequalities in household food security and improve child health outcomes and educational attainment?
Has your research project undergone academic review, in accordance with the appropriate process? Yes
Similar applications:
- not entered -


Section B: Basic information


Supervisor

Name	Email

Penny Breeze	p.breeze@sheffield.ac.uk


Proposed project duration

Start date (of data collection): Fri 1 July 2022

Anticipated end date (of project) Sun 13 October 2024


3: Project code (where applicable)

Project externally funded?

No

Project code
- not entered -


Suitability

Takes place outside UK? No
Involves NHS? No
Health and/or social care human-interventional study? No
ESRC funded? No
Likely to lead to publication in a peer-reviewed journal? No

Led by another UK institution? No
Involves human tissue? No
Clinical trial or a medical device study? No
Involves social care services provided by a local authority? No
Is social care research requiring review via the University Research Ethics Procedure No
Involves adults who lack the capacity to consent? No
Involves research on groups that are on the Home Office list of 'Proscribed terrorist groups or organisations? No


Indicators of risk

Involves potentially vulnerable participants? Yes
Involves potentially highly sensitive topics? Yes


Section C: Summary of research

1. Aims & Objectives Aims:
· To produce a novel economic model that increases the evidence base for cost-effectiveness school-based policies that tackle food insecurity in children
· To communicate model finding in a way that is accessible and usable for local stakeholders engaged in the policy making process
Objectives:
· To build a novel model or adapt an existing model for evaluating school-based policies relating to tackling food insecurity in children
· To demonstrate the impact of each policy option on different sociodemographic subpopulations
· To engage with stakeholders such as members of the local council and members of organisations advocating to improve policies that will improve quality of life in children and promote equity.
I am planning to build a microsimulation public health economics model that will be used to conduct policy analyses of UK-based school policies that aim to tackle household food insecurity via child feeding interventions. This model will analyse how different policies impact

child health and educational inequalities. The model will include parameters for health and educational outcomes as well as costs. The model will capture and individuals’ exposure to metabolic risk factors and determine their life trajectory and associate disease events. The aim of this work is to assess the impact of policy implementation as a whole and effect sizes in differing social demographics. Model outputs will be compared against real world evidence using data which reports on subjective wellbeing, health, work, education and social life of adults and children.
In order to produce an informative economic model which can add value to the current evidence base in this area, it is essential for me to engage with stakeholders. Engaging in stakeholder workshops and consulting expert opinion is a highly recommended and critical aspect of the model building process, in terms of ensuring a systems approach to public health modelling is taken and for determining the model structure and boundaries. Stakeholder engagement will allow me as a modeller to gain a richer understanding of my research problem and is essential for model transparency, validity, and credibility.

2. Methodology

The workshops will likely run for 2-3 hours each and I plan to conduct 3-4 workshops throughout my PhD. The workshops will run from the beginning, middle and end of the modelling process. The aim of the first workshop will be to define what
child outcomes are of most relevance and importance for policy analysis and to inform model conceptualisation including appropriate model objectives; the second workshop will aim to present the first draft of the model and consult on model design, inputs, and outputs. The final workshops will consist of presenting the model and its outputs to stakeholders,
seeking their opinion on the validity of the model and its results. The results will include base case and different scenario analyses. The final aim of the project is to have created a robust economic model that can be used to predict how well the school-based feeding interventions mitigate the negative effects of household food insecurity on child health and
educational outcomes. The workshops will be highly structured and are currently planned to take place on Google Meets or the University’s Blackboard collaborate system. As not all stakeholders are based locally in Sheffield, it’s thought that those who are not may be more willing to participate if the workshops are conducted online, avoiding travel.
Around five to ten stakeholders of varied backgrounds will be recruited for the workshops. I aiming to recruit one or two experts in household food insecurity from an academic and campaign leader background will be recruited, alongside a member of Sheffield council who is also on the food strategy team, BiteBack2030 board members including a member of their youth board. I will also recruit somebody from the school setting to participate in the workshop to give their input on discussion topics.

3. Personal Safety

Have you completed your departmental risk assessment procedures, if appropriate? Not Applicable
Raises personal safety issues? No
Stakeholder workshops will ask participants to draw on their perception of household food insecurity, opinion of current school feeding policies and relevant child health and educational outcomes measured by these policies. Questions will not be of invasive nature and participants are welcome to discuss topics as little or as much as they desire. I am aware that there may be shame associated with food poverty however the workshop content will be planned very carefully to ensure discussions are topical rather than drawing on the participants own experiences of household food insecurity. I will ensure that I respond sensitively to any discussions that participants may find difficult and will pause the meeting if respondents appear distressed. I will ask participants if they are okay and if they appear distressed, they will be able to withdraw more the session. Participants will be sign posted to Samaritans or their GP.



Section D: About the participants


1. Potential Participants

Potential stakeholders were identified during discussion with the supervisory team. Some stakeholders were chosen as my supervisor has worked with them before and some were identified during my research. Campaign groups such as the Food Foundation and Sustain were identified as they generate evidence and analyse data on food security and understand the policy makers point of views, as they have experience liaising with the government in improving and campaigning for healthier school food systems. The BiteBack2030 campaign was identified as another potential stakeholder group as they include children on their youth board. Children are policy targets for school meal policies so it is valuable to achieve their feedback on how well they think these policies work and what barriers to uptake may be.
Children may also be able to provide their own thoughts on household food insecurity and the mechanisms which might lead to them making unhealthy food choices. As I am recruiting children through the BiteBack2030 organisation, I will follow the guidance and processes they will have on the recruitment process.
Sheffield council was identified as a potential stakeholder as my supervisors have experience working with them, particularly with the Sheffield City Council Food and Wellbeing Strategy who are trialling schemes locally such as provision of universal free school breakfasts to improve diets. Involving the council is a good way of seeing what measures are being taken locally to support children of food insecure backgrounds. Schools liaise with local authorities in terms of checking eligibility of children receiving FSM, the council could provide
insight on who is applying for free school meals and their backgrounds, and what the barriers might be to receiving FSM if children are eligible.
I will also invite a member of staff from the school setting as I believe they will provide valuable information on how school-based feeding policies are delivered in schools and their uptake. Staff members of the school setting may also be able to shed light on children’s meal choices during the school day and how they believe this ties in with their general behaviour within class. It will be important to understand their stance on the current government school food policies and how they would feel if policies were to, for example, become universal throughout the school and what support they think they might need if this were to happen.

2. Recruiting Potential Participants

I have been able to make some contact with stakeholders via email. Stakeholders will be recruited via their organisation rather than directly. This means that children recruited in the study will be recruited through the BiteBack2030 organisations, which they are already a part of. I will follow the guidance and processes BiteBack2030 have in place for recruitment.
I will provide an information sheet and consent form along with preparatory reading material for stakeholders to read and complete.
Participants will be invited to attend the
workshop via their email address on a suitable link such as google meets or the university’s blackboard collaborate.

2.1. Advertising methods

Will the study be advertised using the volunteer lists for staff or students maintained by IT Services? No
· not entered -

3. Consent

Will informed consent be obtained from the participants? (i.e. the proposed process) Yes
Informed consent in the workshops will be completed before the session begins and consent form will be completed.

4. Payment

Will financial/in kind payments be offered to participants? Yes
Stakeholders will be reimbursed at an hourly rate that is specified in the cost schedule. Stakeholders will be reimbursed at a rate of £50 per hour for their contribution to the project - this figure is based on correspondence with a member of the Sustain organisation who I am interested in working with. However, I am aware that some participants may need a higher rate (maximum £100 per hour rate) of reimbursement for their based which reflects the expertise of the individual assigned to partake in the workshop session and the nature of their contributions.

5. Potential Harm to Participants

What is the potential for physical and/or psychological harm/distress to the participants?
Physical or psychosocial harm is not predicted as this is a stakeholder workshop. However due to the nature of household food insecurity as a sensitive public health issue, it is possible participants may draw on their own experiences of this during discussions.
How will this be managed to ensure appropriate protection and well-being of the participants?
I will manage this by ensuring question and discussion points are brought up in a sensitive manner. I will ensure questions are of the utmost direct relevance to answer questions I have about the model conceptualising process. I will ensure that all participants are comfortable with the questions being asked and how their answers will be used to frame my research and model. If in case any participant is distressed, I will be prepared to pause the workshop and provide psychological support. Participants will be recommended support services such as Samaritans or their GP.

6. Potential harm to others who may be affected by the research activities

Which other people, if any, may be affected by the research activities, beyond the participants and the research team? N/A
What is the potential for harm to these people? N/A
How will this be managed to ensure appropriate safeguarding of these people? N/A
7. Reporting of safeguarding concerns or incidents

What arrangements will be in place for participants, and any other people external to the University who are involved in, or affected by, the

research, to enable reporting of incidents or concerns?
All participants will receive an information sheet which states that if something goes wrong and they wish to complain about the research or report a concern or incident that they can contact Dr Penny Breeze in the first instance. They will be given their email address along with the email address of the Head of Department (Mark Strong), who they should contact if they feel that their reported incident has not been dealt with adequately. The University’s Research Ethics & Integrity Manager (Dr Anju Devianee Keetharuth; d.keetharuth@sheffield.ac.uk) will also be notified.
Who will be the Designated Safeguarding Contact(s)? My lead supervisor Dr Penny Breeze
How will reported incidents or concerns be handled and escalated?
Any incidents or concerns that are reported will be processed according to the University's Preventing Harm in Research and Innovation Policy. This policy ensures that all incidents and concerns that are reported are handled to ensure the welfare of all students, staff and stakeholders that are involved in a project and carrying out research and innovation activities. The policy allows the escalation and adequate handling of a reported incident. In the first instance, stakeholders will report any incidents and/or concerns to the designated safeguarding contact (Dr Penny Breeze) who will take full information of the incident/concern and notify the lead researcher (Sarah Abraham), the second supervisor (Dr Hannah Lambie-Mumford) and the Head of Department (Professor Mark Strong). The University’s research ethics and integrity manager (Dr Anju Keetharuth) will also be notified and appropriate action will be taken to resolve the issue. In the extreme issue, research may be paused so that the incident can be dealt with. The lead researcher (Sarah Abraham) will be notified of any updates regarding the incident and the participant who raised the concern will also be kept up to date. Advice will be sought from the University’s research and ethics integrity manager (Dr Anju Keetharuth) on how to escalate any reports and what steps should be taken to adequately resolve the issue.


Section E: About the data


1. Data Processing

Will you be processing (i.e. collecting, recording, storing, or otherwise using) personal data as part of this project? (Personal data is any information relating to an identified or identifiable living person).
Yes

Which organisation(s) will act as Data Controller? University of Sheffield only
2. Legal basis for processing of personal data

The University considers that for the vast majority of research, 'a task in the public interest' (6(1)(e)) will be the most appropriate legal basis. If, following discussion with the UREC, you wish to use an alternative legal basis, please provide details of the legal basis, and the reasons for applying it, below:
· not entered -
Will you be processing (i.e. collecting, recording, storing, or otherwise using) 'Special Category' personal data? Yes

The University considers the most appropriate condition to be that 'processing is necessary for archiving purposes in the public interest, scientific research purposes or statistical purposes' (9(2)(j)) . If, following discussion with the UREC, you wish to use an alternative condition, please provide details of the condition, and the reasons for applying it, below:
· not entered -

3. Data Confidentiality

What measures will be put in place to ensure confidentiality of personal data, where appropriate?
Participants will be asked for their consent over recording of the virtual workshop and will not be asked any questions of a personal nature. However as participants are expected to speak freely on the matter their quotes will be kept recorded but kept confidential.
Stakeholders will introduce themselves at the beginning of each workshop, information such as their name and affiliation will be shared with all participants. Contact details such as phone number, address and email address etc. will not be revealed to people outside the project or distributed to other participants unless at their own discretion. Other authorised researchers will have access to this data only if they agree to preserve the confidentiality of the information.

4. Data Storage and Security

In general terms, who will have access to the data generated at each stage of the research, and in what form
The workshop will be held on google meets and will be recorded given consent from participants. A folder will be created on the University of Sheffield secure drive that will store any details of the workshop including; the recording, minutes of the meeting, any notes and data extraction. The data will not be copied onto my personal laptop and remain on the University server accessed through my University laptop. Data from the workshop will be anonymised and not copied onto any laptops.
What steps will be taken to ensure the security of data processed during the project, including any identifiable personal data, other than those already described earlier in this form?
Any personally identifiable data will not be published or shared with anyone outside of the supervisory team. The data will be kept on the university managed system as outlined above.
Will all identifiable personal data be destroyed once the project has ended? Yes

Please outline when this will take place (this should take into account regulatory and funder requirements).
Following the completion of my PhD I will destroy all workshop recordings and participant contact information by October 2024.


Section F: Supporting documentation


Information & Consent

Participant information sheets relevant to project? Yes
Document 1101286 (Version 4)	All versions


Consent forms relevant to project? Yes
Document 1101287 (Version 3)	All versions



Additional Documentation

	Document 1101289 (Version 1) Data Management Plan
	All versions

	Document 1101288 (Version 2)
More detailed version of ethics application form. Detailed and lay summary of the PhD work.
	All versions

	Document 1101764 (Version 1)
ISR form from second reviewer Charlotte Buckley
	All versions

	Document 1101763 (Version 1)
ISR form first reviewer: Penny Breeze
	All versions

	Document 1101762 (Version 1)
Updated ethics background, methodology and data confidentiality section based on second reviewer comments
	All versions



External Documentation

· not entered -


Section G: Declaration


Signed by:
Sarah Abraham Date signed:
Wed 2 March 2022 at 13:0Offical notes

- not entered -
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Participant information sheet

1. Research Project Title: 

What is the role of school-based feeding interventions in the UK in helping to reduce the impact of household food insecurity on child health outcomes?

2. Invitation paragraph 

You are being invited to take part in a research project. Before you decide whether to participate in this, it is important for you to understand why the research is being carried out and what it will involve. Please take time to read the following information carefully and discuss with others if you wish. Ask us if there is anything that is not clear or if you would like more information. Take time to decide whether you wish to take part. Thank you for reading this. 

3. What is the project's purpose?

I am a PhD student based in the School of Health and Related Research at the University of Sheffield. I am planning to build a public health economics model that will be used to conduct policy analyses of UK-based school policies that aim to tackle household food insecurity via child feeding interventions. This model will analyse how different policies impact child health and educational inequalities. 

I will be running three to four workshops in total across the course of my PhD that will help me to gain a richer understanding of the mechanisms by which household food insecurity leads to poor outcomes in children and which of these outcomes are of most relevance in terms of policy analysis. The aim of the workshops will be to inform the model building process of a health economics model, from conception down to validation and results analysis, that will be used to evaluate school-based feeding policies. 

If you cannot attend all these workshops, that is fine and attendance at any one of them will be extremely valued and appreciated. 

4. Why have I been chosen? 

You have been chosen to participate in the stakeholder workshops as I believe that your input into the project will help to provide a richer understanding of my research question and will be a crucial element of the model building process. You have been identified via research I have undertaken and after consultation with my supervisors who you may have previously worked with. You have been identified as one of the key actors that would be involved in policy change and implementation, therefore I believe I believe that you have the background and experience required to provide opinions that are extremely valuable to my work and the evidence base in this research field. 

5. Do I have to take part?

It is up to you to decide whether to take part. If you do decide to take part, you will be given this information sheet to keep (and be asked to sign a consent form) and you can still withdraw at any time* without any negative consequences.  You do not have to give a reason. If you wish to withdraw from the research, please contact Sarah Abraham at sjabraham1@sheffield.ac.uk. Please note that by choosing to participate in this research, this will not create a legally binding agreement, nor is it intended to create an employment relationship between you and the University of Sheffield. 

*Please note if you wish to withdraw during the session, it will not be possible to delete the video/audio recording of that specific workshop. However, any contribution made by you will not be used. 

6. What will happen to me if I take part? What do I have to do? 

If you wish to take part, you will be invited to attend up to four stakeholder workshops between now and October 2024, that are currently planned to be held on an appropriate virtual meeting place such as google meets or the University’s Blackboard collaborate. Each meeting is estimated to be up to 3 hours in duration with a break during this time. Prior to each workshop you will be asked to read the preparatory material that will allow you to make the most of the stakeholder discussions within the workshops. The questions asked of you during the workshop will help me to determine what child outcomes are of most relevance for policy analysis and help to inform the health economics model building process. You will be asked for your opinion on topics of household food insecurity, school-feeding practices in the UK and child health and educational outcomes and will be required to participate in open-ended roundtable discussions. You will also have time between receiving the preparatory material and attending the workshop, to ask any questions you may have about it.

7. What are the possible disadvantages and risks of taking part?

Disadvantage of taking part will be giving up your time to speak with me. 

8. What are the possible benefits of taking part?

Participants will be reimbursed per hour for the time they contribute to the project. I will be covering the cost of the time taken for preparing for the meeting (reading of materials) and per hour cost of participating. Furthermore, a key benefit of participation is adding valuable evidence to this research area.  

9. Will my taking part in this project be kept confidential?

All the information that we collect about you during the research will be kept strictly confidential. At the beginning of each workshop, you will introduce yourself, therefore information such as your name and affiliation will be shared with the other participants. It is also possible that you may know other participants. 

Contact details such as your phone number, address, and email address etc. will not be revealed to people outside the project or distributed to other participants unless at their own discretion. 

You will not be able to be identified in any reports or publications unless you have given your explicit consent for this. If you agree to us sharing the information you provide with other researchers (e.g., by making it available in a data archive) then your personal details will not be included unless you explicitly request this. It is likely that other researchers may also use the data generated from this workshop, however this is subject to them agreeing to preserve the confidentiality of this information. 


10.  What is the legal basis for processing my personal data? 

‘According to data protection legislation, we are required to inform you that the legal basis we are applying in order to process your personal data is that ‘processing is necessary for the performance of a task carried out in the public interest’ (Article 6(1)(e)). Further information can be found in the University’s Privacy Notice https://www.sheffield.ac.uk/govern/data-protection/privacy/general.’ 

11.  What will happen to the data collected, and the results of the research project?

The data collected will be your personal contact information, the workshop recordings and the information gathered from the workshops. The personal contact information and the workshop details will not be disseminated, however the information gathered will be disseminated but anonymised. 

The recordings of the workshop and associated meeting notes will be kept on a secure drive, for which only Sarah Abraham and the supervisory team consisting of Dr Breeze and Dr Lambie-Mumford will have access to. 

Due to the nature of this research, it may be that other researchers may find the data collected to be useful in answering future research questions. We will ask for your explicit consent for your data to be shared in this way.

The data collected will be used to inform the development of a health economic model for analysing school-based policies that aim to tackle child inequalities. The dissemination plan for the results of this research project include: 
· Papers in high quality journals
· Presentations in international and national health economics conferences and others identified by supervisors or partners
· Presentation to local stakeholders who have been involved in the model building process - in the form of policy briefing documents and accessible infographics 


12.  Who is organising and funding the research?

This PhD is being conducted as I am a student of the Wellcome Trust Doctoral Training Programme. I am being funded by the University of Sheffield for this work. 

13. Who is the Data Controller?

The University of Sheffield will act as the Data Controller for this study. This means that the University is responsible for looking after your information and using it properly.

14. Who has ethically reviewed the project?

This PhD project has been ethically approved via the University of Sheffield’s Ethics Review Procedure, as administered by the School of Health and Related Research. 

15.  What if something goes wrong and I wish to complain about the research or report a concern or incident?

If you are dissatisfied with any aspect of the research and wish to make a complaint, please contact my lead supervisor [Dr Penny Breeze; p.breeze@sheffield.ac.uk] in the first instance. If you feel your complaint has not been handled in a satisfactory way you can contact the Head of the Department [Professor Mark Strong; Email: m.strong@sheffield.ac.uk]. If the complaint relates to how your personal data has been handled, you can find information about how to raise a complaint in the University’s Privacy Notice: https://www.sheffield.ac.uk/govern/data-protection/privacy/general.

If you wish to make a report of a concern or incident relating to potential exploitation, abuse or harm resulting from your involvement in this project, please contact the project’s Designated Safeguarding Contact [Dr Penny Breeze, p.breeze@sheffield.ac.uk ]. If the concern or incident relates to the Designated Safeguarding Contact, or if you feel a report you have made to this Contact has not been handled in a satisfactory way, please contact the Head of the Department of the School of Health and Related Research  [Mark Strong, m.strong@sheffield.ac.uk ] and/or the University’s Research Ethics & Integrity Manager (Dr Anju Devianee Keetharuth; d.keetharuth@sheffield.ac.uk) 


16.  Will I be recorded and how will the recorded media be used? 

The workshop recordings of your activities made during this research will be used only for analysis and for illustration in conference presentations and lectures. No other use will be made of them without your written permission, and no one outside the project will be allowed access to the original recordings.


17.  Contact for further information

If you wish to obtain further information about this project you may contact myself Sarah Abraham at sjabraham1@sheffield.ac.uk or my supervisors Dr Penny Breeze at p.breeze@sheffield.ac.uk, and Dr Hannah Lambie-Mumford at h.lambie-mumford@sheffield.ac.uk . You will be given a copy of the information sheet, and if appropriate, a signed consent form to keep. Thank you for your participation in this study.

[bookmark: _C4:_Participant_Consent][bookmark: _Toc206700711]C4: Participant Consent forms

Participant Consent Form – Stakeholder Workshop

PhD title: How do school-based food provision initiatives help to reduce inequalities in household food security and improve child health outcomes and educational attainment?

	Taking Part in the Project
	Please add your initials to indicate you agree

	I have read and understood the project information sheet dated ??/??/????
(If you are unsure please do not proceed with this consent form until you are fully aware of what your participation in the project will mean.)
	

	I have been given the opportunity to ask questions about the project. 
	

	I agree to take part in the project.  I understand that taking part in the project will include attending a workshop where I will be participating in group discussions on tbc. 
	

	I agree that my name and affiliation will be made known to the other participants and the research team. 
	

	I agree that whilst I am participating in the workshop’s audio and video recordings will be made.  I agree to being recorded and for these anonymised recordings to be used in the research. 
	

	I understand that my taking part is voluntary and that I can withdraw from the study at any time/before tbc I do not have to give any reasons for why I no longer want to take part and there will be no adverse consequences if I choose to withdraw. 
	

	I understand if I choose to withdraw during a workshop session, that the audio and video recordings made of this workshop will not be deleted, however any contributions made by myself will not be used.
	

	I understand that by choosing to participate as a volunteer in this research, this does not create a legally binding agreement nor is it intended to create an employment relationship with the University of Sheffield 
	

	How my information will be used during and after the project
	

	I understand my personal details such as name, phone number, address and email address etc. will not be revealed to people outside the project unless at my own discretion. 
	

	I understand and agree that my words may be quoted in publications, reports, web pages, and other research outputs. I understand that I will not be named in these outputs unless I specifically request this.
	

	I understand and agree that other authorised researchers will have access to this data only if they agree to preserve the confidentiality of the information as requested in this form. 
	

	I understand and agree that other authorised researchers may use my data in publications, reports, web pages, and other research outputs, only if they agree to preserve the confidentiality of the information as requested in this form.
	

	I understand and agree that Sarah Abraham’s supervisory team (Dr Penny Breeze and Dr Hannah Lambie-Mumford) will have access to this data as they agree to preserve the confidentiality of the information as requested in this form.
	


 
Name of participant [printed]			Signature 		Date 


Name of Researcher [printed]			Signature 		Date 



Project contact details for further information:
Principal investigator: Sarah Abraham, Tel: +447480223448, Email: sjabraham1@sheffield.ac.uk
Supervisor: Dr Penny Breeze, Tel: +44 114 222 5429, Email: p.breeze@sheffield.ac.uk 
Supervisor: Dr Hannah Lambie-Mumford, Email: h.lambie-mumford@sheffield.ac.uk
Dean of the School of Health and Related Research (ScHARR): Professor Mark Strong, Email: m.strong@sheffield.ac.uk 
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Workshop 1: pre-reading material for stakeholders


PhD title: What is the role of school-based feeding interventions in the UK in helping to reduce the impact of household food insecurity on child health outcomes? 

PhD aim
The aim of this PhD is to evaluate the role of school-based feeding intervention in terms of effectiveness and cost-effectiveness on reducing the impact of household food insecurity (HFI) on child health outcomes and health inequalities. 

What is household food insecurity?The Food and Agriculture Organisation (FAO) define food security as a situation where “all people, at all times, have physical, economic, and social access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life” (FAO 1996). In contrast, food insecurity is where individual’s lack access to food that can sustain a healthy lifestyle. Food insecure individuals may reduce the quantity, type of food they eat, skip meals or hungry and they reason is usually due to low income. Household food insecurity (HHFI) is food insecurity which affects individuals within the same household. 







[bookmark: _Ref122014397][image: Hunger | FAO | Food and Agriculture Organization of the United Nations]

Why is HHFI a problem for children?
A review (review 1) was conducted to explore the mechanisms and associations between HFI and poor health outcomes and found that HHFI can have a negative impact on child health outcomes for prediabetes risk, dental cavities, bone mass disparities, asthma, anaemia, physical activity, quality of life, behaviour, diet quality and mental health,2.


Two mechanisms of action were concluded from the review findings: (i) diet and (ii) mental health. HFI was related to poor diet quality, eating behaviour and child hunger. Food insecure children had diets lacking vegetables, fruit, and dairy and over consumed refined, sugar and salt laden, calorie-dense food than food secure children. This is believed to explain the association of HFI with several health outcomes such as dental cavities and poor eating patterns such as binge eating. Not having enough food was associated with child hunger1,2. A bi-directional relationship was found between HFI and maternal mental health which were associated with adolescent mental health, including depression and anxiety. It is believed that the mental health and dietary pathways are interrelated for example HFI was related to child hunger which in turn was related to child mental health and diet quality. 




































How do we tackle this issue?HHFI is a complex issue and both a political and public health concern. There is no single or easy solution, however one way that child health can be improved in the presence of food insecurity is through feeding interventions in schools e.g., free school meals. School is where children spend most of their time outside of the home, so the school setting is an excellent site for conducting a public health intervention. 

This work sets out to evaluate school-based feeding interventions in the UK in terms of their ability to mitigate the harmful health impacts of HHFI, which have been described above in review 1, by building a health economics model, and using it for evaluation. This work has not been conducted previously and is novel. 


The next few pages will provide background information on health economics modelling, and how the stakeholder engagement is a key element to the model building process. 






What is health economics?



What is health economics?
Health economics is a field of economics that concerns itself with healthcare resource allocation decisions under the conditions of a finite budget and uncertainty.







What is an economic evaluation?
Economic evaluation is a method used in health economics to compare the cost and benefits (outcomes) between two or more alternative treatments or interventions for the same therapy area, to decide which is the most cost-effective and “worthwhile” in pursuing. 

The cost and benefit of each intervention are calculated and compared to see which one is the best value for money. This is a cost-effectiveness analysis. The cost and outcomes included in an economic evaluation depend on the perspective taken. The societal perspective considers a broad range of elements such as loss of earnings. The NHS perspective considers all costs associated with an intervention and no personal costs. The National Institute of Health and Care Excellence (NICE) recommends using the ‘NHS and personal and social services perspective’. 


















What is decision modelling? 
Decision modelling is a technique used by health economists to carry out economic evaluations using a mathematical model. Studies from the literature and expert opinion is used to pool together evidence that is used to conduct economic evaluations. Different subgroups can be analysed using decision modelling, such as comparisons of cost and benefit in food secure household’s vs food insecure households.




\



Decision model building stepsStakeholder engagement 

1. Literature review scoping the problem (review 1) – 
2. Develop the conceptual map based on review 1 
3. Literature review identifying school-based feeding interventions and their effectiveness/cost-effectiveness in terms of child health outcomes relating to HHFI (review 2)
4. Literature review of current health economics model within the area of child health (review 3)
5. Model building based on evidence – structure and perspective.











Stakeholder engagement will guide the process of model building by helping to refine the research problem, further develop the conceptual map, identify key interventions and outcomes to evaluate, all of which will inform the model structure. Stakeholder will also be asked for their recommendations for the model results and outputs. 

Conceptual Map 
What is a conceptual model?
A conceptual model is a method used to diagrammatically represent and simplify a system or a research problem. Formal construction of a conceptual map is crucial for the initial stages of develop a health economics model3.  The conceptual map is presented in 












Explaining the conceptual model of review 1:
An initial conceptual model was produced using the findings from review 1. The green arrows in the model represent a positive association between factors, for example a green arrow between HFI and asthma indicates that HFI is positively associated or increases the likelihood of asthma. The red arrows represent negative associations, for example, the red arrow between HFI and diet quality represents the fact that HFI reduces diet quality. The dashed line represents relationships that were concluded as mixed/ unclear after assessing the literature. 
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Review 2: effectiveness and cost-effectiveness of school-based feeding interventions in the UK summary of the findings 
Purpose and aims
This review looked to investigate studies that explored the effectiveness and cost-effectiveness of UK-based school feeding interventions. The primary aim was to identify the main interventions and policies that help to mitigate the harmful impact of HFI and how they create impact in child health outcomes, including outcomes such as BMI and diet quality. The secondary aim of this review was to explore intervention take-up rates, identify the nutritional targets for these policies, and identify where the evidence gaps lie.
 
Results

Intervention
Diet quality
Child weight
Costings/ Cost-effectiveness
Child mental health
Parent mental health
Food insecurity/hunger

Take up
FSM
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UIFSM
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X
Breakfast clubs
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X
Holiday clubs
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X
Fruit and vegetable scheme
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All interventions improved diet quality, and food insecurity/child hunger (except for the fruit and vegetable scheme which did not evaluate hunger or food insecurity as an outcome). For the UISFM policy, there were positive changes in child BMI, but these were small, and for breakfast clubs, those in attendance had higher BMI than those who did not. 

When food provisions were extended or made universal, policy take up was increased in both previously provision-ineligible children and provision-eligible children. Larger improvements were seen in children of more deprived households. Having access to free fruit in school was associated with greater consumption of fruit. Holiday clubs improved children’s mental health and improved their social life, as well as improving diet particularly in food insecure children. In general interventions were considered cost-saving to parents and cost-effective. 

Conclusion
School meal policies are not drawn up to explicitly reduce HFI, but they can help reduce the negative impact HFI has on child outcomes such as diet, mental health, social outcomes as well as helping parents to reduce costs. There is limited evidence on the impact of school feeding policies on outcomes such as BMI, however wider inferences can be made by looking at policy impact on diet. Cost-effectiveness analyses look at cost saved by parents and the government and do not assess cost per quality of life, rather looking at educational outcomes. There is a gap in the literature to explore effectiveness in terms of cost and health outcomes.









Stakeholder workshop aims 
The aim of the workshops is to help refine the research question further, further develop the conceptual model and use stakeholder expertise to guide the modelling process from conceptual design to production of the final decision model. A total of four workshops will take place over 2023 to October 2024, which is the end date for this project. Below you will find information on workshop 1. 

Stakeholder workshop 1 objectives and research questions

Objective 1: Refine the conceptual map and research problem

· Highlight which pathways are the most important which help to tackle the research problem? (Link to diagrams.net provided)
· Draw on the map any additional pathways you think need to be included.
· Share your thoughts and map with the group/ the workshop facilitator 


Objective 2: Decide which interventions should be evaluated and why and how they would interfere with the pathways in the model?

· Think about the key interventions to you from the ones listed in review 2 
· How are they delivered locally in your area?
· What are the political and health impacts of the interventions you’d like to evaluate and why?

Objective3: Decide which outcomes should be evaluated and why?

· Who is funding these interventions?
· Would policy makers want to prioritise long term or short-term outcomes?

Objective 4 : Decide which subgroups should be evaluated?

· Analysis by sociodemographic (e.g., ethnic group/ sex) – which group of children would benefit most?

Objective 5: Decide on resource use pathways, decide which ones will influence results the most.

· Which costs should be included? 
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[bookmark: _C7:_Search_strategies][bookmark: _Toc206700714]C7: Search strategies of the pragmatic reviews
The pragmatic review hypothesises included seven separate searches that were conducted in PubMed and Google Scholar. Titles were screened and a filter for systematic reviews on PubMed was used to identify systematic review as these were the preferred evidence sources. A filter was also placed to retrieve articles from 2009 and onwards which aligned with the search strategy in Chapter 2. 


	Review search 
	Search terms

	1
	(“child*” or “adolesce*”) AND (“diet” OR “nutrition” OR “food” or “meal*”) AND (“mental health” OR “behaviour*”)

	2
	(“child*” or “adolesce*”) AND (“diet” OR “nutrition”) AND (“quality of life” OR “QoL” OR “health-related quality of life” OR “HRQoL” or “wellbeing”) 

	3
	(“child*” or “adolesce*”) AND (“eating behaviour” OR “eating behavior” OR “eating” OR “meal participation” OR “eating style”) AND (“mental health” OR “behaviour” OR “behavior”)

	4
	(“child*” or “adolesce*”) AND (“weight” OR “BMI” or “body mass index” OR “obesity”) AND (“mental health” OR “behaviour” OR “behavior”)

	5
	(“child*” or “adolesce*”) AND (“weight” OR “BMI” or “body mass index” OR “obes*) AND (“eating behaviour” OR “eating” OR “meal participation” OR “eating style”)

	7
	(“parent*” OR “caregiver*” AND (“feeding*” OR “feeding practices” OR “feeding styles” “child feeding”) 

	8
	(“child*” or “adolesce*”) AND (“eating behaviour” OR “eating behavior” OR“eating” OR “meal participation” OR “eating style”) AND (“feeding*” OR “feeding practices” OR “feeding styles” “child feeding”)

	9 
	(“child*” or “adolesce*”) AND (“diet” OR “nutrition”) AND (“eating behaviour” OR “eating behavior” OR “eating” OR “meal participation” OR “eating style”)
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	Search no
	Search terms searched in PubMed
	Results

	1
	"child*"[Title/Abstract] OR "adolescen*"[Title/Abstract] OR "youth"[Title/Abstract]
	2,057,117


	2
	"Microsimulation model*"[Title/Abstract] OR "microsimulation"[Title/Abstract]
	2,304


	3
	("child*"[Title/Abstract] OR "adolescen*"[Title/Abstract] OR "youth"[Title/Abstract]) AND ("microsimulation model*"[Title/Abstract] OR "microsimulation"[Title/Abstract])
	195


	4
	"health"[Title/Abstract] OR "population health"[Title/Abstract] OR "policy"[Title/Abstract] OR "policy evaluation"[Title/Abstract]
	3,067,730


	5
	("health"[Title/Abstract] OR "population health"[Title/Abstract] OR "policy"[Title/Abstract] OR "policy evaluation"[Title/Abstract]) AND (("child*"[Title/Abstract] OR "adolescen*"[Title/Abstract] OR "youth"[Title/Abstract]) AND ("microsimulation model*"[Title/Abstract] OR "microsimulation"[Title/Abstract]))
	138


	6
	(("health"[Title/Abstract] OR "population health"[Title/Abstract] OR "policy"[Title/Abstract] OR "policy evaluation"[Title/Abstract]) AND (("child*"[Title/Abstract] OR "adolescen*"[Title/Abstract] OR "youth"[Title/Abstract]) AND ("microsimulation model*"[Title/Abstract] OR "microsimulation"[Title/Abstract]))) AND (1999:2022[pdat])
	100




[bookmark: _D2:_Search_strategy][bookmark: _Toc206700719]D2: Search strategy for search B

	Search no
	Search terms searched in PubMed
	Results

	1
	"child*"[Title/Abstract] OR "adolescen*"[Title/Abstract] OR "youth"[Title/Abstract]

	2,057,117

	2
	"economic evaluation"[Title/Abstract] OR "decision analytic model*"[Title/Abstract] OR "decision model*"[Title/Abstract]
	20,059


	3
	"diet*"[Title/Abstract] OR "dietary interventions"[Title/Abstract] OR "food"[Title/Abstract] OR "feeding interventions"[Title/Abstract]
	1,241,050


	4
	("child*"[Title/Abstract] OR "adolescen*"[Title/Abstract] OR "youth"[Title/Abstract]) AND ("economic evaluation"[Title/Abstract] OR "decision analytic model*"[Title/Abstract] OR "decision model*"[Title/Abstract]) AND ("diet*"[Title/Abstract] OR "dietary interventions"[Title/Abstract] OR "food"[Title/Abstract] OR "feeding interventions"[Title/Abstract])
	92


	5
	"systematic review"[Title/Abstract]
	333,216


	6
	("child*"[Title/Abstract] OR "adolescen*"[Title/Abstract] OR "youth"[Title/Abstract]) AND ("economic evaluation"[Title/Abstract] OR "decision analytic model*"[Title/Abstract] OR "decision model*"[Title/Abstract]) AND ("diet*"[Title/Abstract] OR "dietary interventions"[Title/Abstract] OR "food"[Title/Abstract] OR "feeding interventions"[Title/Abstract]) AND "systematic review"[Title/Abstract]
	7
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	Name of model – setting 
	Model type 
	Model characteristics
	How Is it relevant for this research question?
	Limitations and factors to consider 

	Life sim – UK (Skarda et al., 2021) 
	Discrete event simulation (compromise between simple Markov model and agent-based model structure)
	· Data used: Millennium Cohort Study
· Validated by British Cohort Study 1970 and Understanding Society survey. 
· ONS HSE datasets for health outcomes
· Time horizon: birth till death 
· Looking at mental health, conduct disorders, mortality, HRQoL, public costs (costs to the public budget) and general wellbeing. 
· Looking at human capital development: social skills, cognitive skills, health behaviour (teenage smoking)
· Individual level outcomes for the whole general population 
· In the model schematic: parent mental health, and poverty feed into social skills and cognitive skills of the child
· Intervention can be implemented during the school years. 
· Can predict life expectancy (healthy life expectancy as well as in general), gross earnings, costs of public services, cash benefits and tax contributions for individuals). 
· Used cross-sectional data to parameterise the model. 
	· This method allows many outcomes to be measured simultaneously which is relevant to this topic.
· Child conduct related to wellbeing, income, employment, crime, and health outcomes can be measured. 
· This model considers a lifetime horizon and takes the societal perspective (NHS costs, programme costs, conduct disorder costs, prison costs, residential care costs) when measuring cost and benefit which may be relevant for a model evaluating HFI. 
· Individual level outcomes being generated means that certain subgroups (socioeconomic groups) outcomes can be measured rather than taking an average of the whole population which is important due to the health inequalities faced by food insecure disadvantaged child populations.
· This model may be useful in considering longer-term impact of HFI and how intervention could impact life trajectories. 
	· A measure of HFI would need to be added to the model in relation to sociodemographic factors and elements of health. 
· Does not incorporate ethnicity. 
· Does not model childhood outcomes but takes them as given from the MCS
· The model is flexible and can be used with many data sources to incorporate HFI. 
· It may be possible to adjust the time horizon of the model to capture short-term intervention effects. 
· Development of the physical health components of this model such as the incorporation of diet, and physical outcomes such as weight indicators would have to be amended to the model.
· Related non-communicable diseases such as obesity, diabetes and cardiovascular health outcomes will also need to be modelled. 

	MELC– New Zealand (Milne et al., 2015) 
	Dynamic discrete time microsimulation model 
	· Models’ early childhood development from birth to 13 years old 
· Follows the same cohort of individuals from birth to age 13 
· It is a closed model where individuals cannot leave the simulation (e.g., migration and death) 
· Focuses on the following outcomes: health service use, reading, and conduct problems which are determinants of a child later being hospitalisation, employment prospects and physical, mental health, and social outcomes in adulthood
	· School-based interventions may be evaluated for immediate impact. 
· Short-term impacts evaluated only.  

	· New Zealand based model may not be relevant to the UK child population. The model would need to be calibrated to the UK setting and child population. 
· Parent and child interactions are not included, however have been identified in the review in chapter two and four to be relevant to stakeholders. 
· Can only evaluate short term or immediate impacts of the policy, this means that longer-term outcomes would have to be excluded or added to the model which would be complex and difficult given the model population and context. 
· Any results for adolescence that go beyond the children aged thirteen years would have to be assumed or inferred. 

	POHEM- Canada (Hennessy et al., 2015)
	Dynamic microsimulation (discrete event simulation)
	· Cardiovascular disease model includes smoking, cholesterol HDL, blood pressure, obesity and diabetes. 
· Considers socioeconomic factors such as age, sex, region, ethnicity, income and education. 
· Individuals’ behaviours, states and actions are modelled. 
· Life trajectories are impacted by the external environment. 
· Multiple sources of empirical data used to populate the model. 
	· Considers physical health but less emphasis on mental health. 
· Takes smoking, history of disease, BMI, diabetic status, HRQoL into account. 
	· Reflects the Canadian child population, due to the difference in health care and social systems it would be difficult to incorporate HFI and child outcomes for UK children into this model. 
· Children are built into the model but would need to account for the relationship between parent and child and build this in.  
· Does not account for child development in relation to economics and social development of the individual which are important factors to consider in cost-effectiveness analyses. 

	EPOCH model – Australia (Hayes et al., 2019) 
	Individual level microsimulation model
	· Individual level microsimulation model
· Costs and benefit accrued throughout early childhood to late adolescence. 
· The EPOCH model accounts for immediate (time horizon for these is late adolescence) and long-term costs and impacts. 
· LSAC dataset rich dataset spanning 10 years
	· This model does not simulate chronic disease events in childhood as these do not appear until adulthood. 
· Both short term and long-term costs considered from childhood to adolescence and then from adolescence
· Outcomes include productivity loss, quality of life, health care costs and mortality
	· The model is calibrated to the Australian child population and health and care service use of this country. Therefore, adding a HFI – child health outcomes module to this may not produce results relevant for the UK child population. The model may have to be calibrated for a UK child population. 
· Only focuses on obesity there is not a mental health module to this, and this will have to be built in
· Parent and child interaction need to be factored in particularly impact of parent mental health on child mental health 
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	Author, year (country) 
	Study design; outcomes 
	Model type
	Perspectives; time horizon; discounting
	Strengths
	Limitations

	An, 2018 (USA)
	CBA: cases of childhood overweight prevented net benefits.
	Markov model
	Societal; lifetime, 3% annum
	· Models long term benefits of intervention. 
· Indirect effects such as school absenteeism accounted for. 
· Lifetime direct and indirect costs evaluated.
· Age and gender-specific mortality projected.
· Long-term adult outcomes measured
	· Does not account for population heterogeneity. 
· Does not account for health inequalities.
· Does not account for immediate health benefits.
· Does not account for outcomes in terms of health, not comparable to other health interventions that are presented as QALYs 
· Did not account for intervention impact on intermediate outcomes such as improved diet quality. 
· Did not account for geographical differences. 

	Brown, 2007 (USA)
	CUA, net monetary benefit; child and projected obesity cases averted 
	Not specified 
	Societal; 64 years; 3%/annum 
	· CUA recommended by NICE, and measures benefits in QALYs which are comparable to other health interventions. 
· Data based on RCT. 
· Long-term adult outcomes measured
· Sensitivity analyses accounted for interventions impact not being sustained throughout the life course. 
	· Does not account for immediate health benefits. 
· Does not specify the type of model used and whether sociodemographic factors were used to predict costs and benefits. 

	Coffield, 2019 (USA) 
	ROI: comparison of costs accrued over 2-year intervention and costs averted 10 years post intervention
	ROI 
	Modified societal; 10 years; 3% annum
	· Shorter-term horizon accounting for short to long-term financial outcomes 
· Accounted for programme costs and benefits. 
· Long-term adult outcomes measured
	· Does not consider health impact.
· Does not account for health inequalities. 
· Not comparable to other health interventions when considering health impact. 
· Does not account for the whole societal perspective, only those costs and benefits associated with the intervention. 

	Ekwaru, 2017 (Canada) 
	CUA, person years of excess bodyweight, obesity and chronic disease and QALYs based on 43 health states
	Markov model
	School system; 80 years (males), 84 years (female); 3%/annum (costs discounted for 10 years and health outcomes upto 84 years)
	· CUA recommended by NICE, and measures benefits in QALYs which are comparable to other health interventions.
· Many health states are evaluated to account for QALYs. 
· Gender specific costs
· Long-term adult outcomes measured
	· Limited perspective of the school system does not consider population heterogeneity (apart from gender) or wider societal costs. 
· Immediate costs and benefits not accounted for: child health outcomes not evaluated.
· Does not account for health inequalities

	Graziose, 2017 (USA) 
	CUA, decision analytic model; reduction in adult obesity, associated medical costs averted and QALYs saved
	Decision tree 
	Societal; 10-40 years; 3% annum
	· Societal perspective considers a wide range of direct and indirect health costs. 
· CUA accounts for QALYs, which is comparable to the evaluation of other interventions and is recommended by NICE.
· Long-term adult outcomes measured  
	· Immediate costs and benefits not accounted for: child health outcomes not evaluated. 
· Does not account for health inequalities

	Haby, 2006- benefits Carter, 2009 – costs (Australia)
	CUA; total-age specific BMI units (kg/m2); DALYS saved; net costs; DALY saved
	Markov model
	Societal; lifetime (100 tears); 3%/annum 
	· Societal perspective considers a wide range of direct and indirect health costs. 
· Long-term adult outcomes measured.
· CUA accounts for QALYs, which is comparable to the evaluation of other interventions and is recommended by NICE.
· DALYs also evaluate which measure the overall burden of disease, considering mortality and morbidity. 
· DALYs can also be to compare intervention benefits across other disease areas that also use this measure for evaluating interventions. 
· Long-term adult outcomes measured. 
	· Immediate costs and benefits not accounted for: child health outcomes not evaluated.
· Does not account for population heterogeneity. 
· Does not account for health inequalities. 

	Mernagh, 2010 (New Zealand)
	CUA; cost/QALY
	Markov model
	Healthcare; lifetime (100 years); 3.5%/annum
	· CUA accounts for QALYs, which is comparable to the evaluation of other interventions and is recommended by NICE. 
· Long-term adult outcomes measured 
	· Does not consider wider costs or outcomes.
· Does not account for health inequalities.
· Immediate costs and benefits not accounted for in child health outcomes not evaluated.
· Does not account for population heterogeneity. 

	Kenney, 2019 (USA)
	CEA: cost/ case of obesity prevented
	Microsimulation
	Modified societal; 10 years; 3%/annum
	· Time horizon allows for short-medium term outcomes to be measured. 
· 

	· Allows population heterogeneity using a well-established population model (CHOICES). 
· A short-term horizon may better capture immediate health benefits to children.
· Long-term horizon was not included, therefore long-term intervention benefits cannot be ascertained. 
· Does not account for health inequalities. 

	Moodie, 2013 (Australia) 
	CUA; change in BMI and DALYs averted over the lifetime of the cohort 
	Markov model
	Societal; lifetime (100 years); 3%/ annum 
	· Incorporates indirect and direct medical costs as a result of intervention, such as opportunity costs to parents.
· Long-term adult outcomes measured.
· CUA accounts for QALYs, which is comparable to the evaluation of other interventions and is recommended by NICE. 
	· Immediate costs and benefits not accounted for in child health outcomes not evaluated.
· Does not account for population heterogeneity.
· Does not account for health inequalities

	Oosterhoff, 2020 (Australia)
	CUA; cost/QALY
	Markov model
	Healthcare and societal; lifetime (100 years); 4% annum (costs), 1.5%/annum (benefits) 
	· Two models, one predicting childhood and adolescence, one predicting adulthood. 
· CUA accounts for QALYs, which is comparable to the evaluation of other interventions and is recommended by NICE.
· Consideration of wider costs such as school absenteeism which were indicators of productivity in childhood. 
	· Assumed BMI only changed due to age. 
· Assume weight category changes not BMI as a continuous outcome.
· Assumed changes to BMI trajectories by intervention remained maintained until 20 years old (the end of the adolescent period).
· Does not account for population heterogeneity.
· Does not account for health inequalities. 
· Did not account for immediate health benefits as a result of intervention. 
· QALY and cost for childhood and adolescence, and adulthood period were summed to produce results – not individually represented. 
· Consider parental outcomes such as work. 

	Rush, 2014 (New Zealand) 
	CUA; BMI and QALYs based on health state preference-based utilities
	Simulation 
	Healthcare; lifetime (2-100 years); 3.5%/ annum
	· CUA accounts for QALYs, which is comparable to the evaluation of other interventions and is recommended by NICE.
· Long-term adult outcomes measured.
· Considered ethnicity, age and gender when modelling BMI trajectories
	· Assumed that no environmental factors change in future years. – Does not account for population heterogeneity apart from age, gender and ethnicity factors. 
· No disutility associated with being overweight or obese.
· Does not capture non-obesity related benefits. 
· Does not account for health inequalities

	Te Velde, 2011 (Netherlands)
	CUA; DALYS averted/ 100,000 children, NMB
	
	Healthcare and societal; lifetime’ 3%/annum
	· Accounted for wider costs as well as direct healthcare costs.
· Long-term adult outcomes measured. 
· Accounted for the fact that intervention effects would not be sustained throughout life. 
	· Did not consider costs wide than the implementing the intervention and the cost of materials to schools. 
· Long-term impact of school-based dietary consumptions have not been studied therefore projections were assumption based, and model results uncertain. 
· Does not account for health inequalities. 
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	Included 
	Justification 

	Diet, behaviour, parent mental health
	· Short-term outcomes priority to policymakers with immediate objectives to meet.
· Child behaviour associated with education, can attract funders outside of health and support policy expansion.
· Inclusion of parent mental health is important when considering the societal perspective. Also supportive of policy expansions from funders/policy makers outside the remit of child health or education. 


	Excluded 
	Justification 

	Weight status, diabetes, prediabetes, anaemia, oral health, blood pressure, cholesterol, sleep physical activity, hospitalisations, asthma, smoking alcohol, and substance abuse, child mental health
	· Much of these outcomes (e.g. weight status, diabetes, blood pressure, high cholesterol) do not manifest until late adolescence or adulthood. 
· The association between HFI and hospitalisation, asthma, sleep, and physical activity is difficult to separate from the impact of the wider determinants of health. For example, housing and access to green space.
· Impact of intervention effectiveness for mental health outcomes was limited. 
· Chapter 3 results did not confirm the impact of school-based feeding intervention on child mental health, but one study did report the poor mental health was more prevalent in food insecure and/or FSM-eligible children
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	Data (date data collection started)
	Locations (sample size) 
	Child ages 
	Sociodemographic relevant to HFI 
	Outcome taken in school-age
	Validated measure of HFI (when measured)
	Previous application in models

	Born in Bradford (2007-2011)
	Bradford, England 
	0-12 years
	Parental education, benefits information, subjective poverty, occupation (NS-SEC), means-tested benefits, cohabitation status, housing information, maternal characteristics (e.g. age), paternal characteristics, family structure (e.g. household size), IMD, FSM-eligibility, religion, child ethnicity, child gender, child age, neighbourhood characteristics, children’s involvement in extracurricular activities, parent smoking status. 
	· Diet quality.
· Mental health/ behavioural difficulties
· Eating habits 
· Dental health
· Physical measurements (height, weight, blood pressure, skinfold thickness)
· Blood pressure 
· Cognitive assessments
· Linked education data. 
· Child general health, physical and mental health conditions.
· Parent mental health
· parenting style (parental warmth to child)/
· Asthma
· Sleep 
· Allergies
· Mother weight status
	Yes (at 12-months and 7-11 years old) 
	No 

	Millennium Cohort Study (2000/2022) 
	UK-wide 
	0 – 17 years 
	Parental education, housing information, maternal characteristics, paternal characteristics, IMD, FSM-eligibility, religion, household income, child gender, child age, child ethnicity, neighbourhood characteristics. 
	· Diet and nutrition intake.
· Eating habits and preferences. 
· Physical measurement 
· Cognitive assessments
· Mental health
· Smoking and alcohol use
· Linked health and education data.
· Child general health, physical and mental health conditions
· Parent mental health
	No 
	Yes

	Avon longitudinal study of parents and children (1991/1992)
	Bristol, UK. 
	0-34 years 
	Parental education, housing information, maternal characteristics, paternal characteristics, IMD, FSM-eligibility, religion, household income, child gender, child age, child ethnicity. parent marital status, parental occupation (NS-SEC), parent engagement with child’s education, access to resources such as books and extracurricular activities, subjective financial poverty
	· Health behaviour of parents.
· Smoking and drug use 
· Diet quality and use of dietary supplements.
· Child anxiety and depression 
· Child behavioural outcomes.
· Child suicidal ideation 
· Attachment and parenting styles
· Parent food preferences and influences around food purchasing
· Maternal mental health
	No 
Difficulty in affording food, heating and accommodation asked during pregnancy
	Yes


	Growing up in Scotland (1998-2002 non-pregnant women recruited and their live births followed up over time)
	Scotland  
	
	IMD, age, household structure (e.g. household size and number of children), parent marital status, childcare arrangements, parental occupation status, income, parental education, benefits information, ethnicity, religion, financial security (eg. Regular savings, enough to eat and wear clothes). 
	· Diet quality and patterns. 
· Eating habits and preferences. 
· Family addiction 
· Family mental disorders
· Child behavioural outcomes
· General child health 
· Child chronic illnesses
· Parenting style and attachment
· Child smoking and drinking
· Child weight status (BMI) 
· Sleep
· Physical activity
	No
	No 

	Southampton Women’s study
	Southampton, UK 
	0-19 years 
	Maternal and partners occupation, NS-SEC, maternal education level, receiving benefits, childcare information, housing tenure, indicators of financial insecurity (including food access), smoking status, pets in household, ethnicity, gender, child age, parent marital status. 
	· Diet quality.
· Measure of weight indicators (adiposity) 
· Physical activity
· Health behaviours
· Strengths and difficulties/ child behaviour
· Mother and child general health
· Maternal mental health
· Mother and father BMI
· Asthma and allergies
	Yes (1 time=point when child was 3 years) 

	No

	National Diet and Nutrition Survey
	UK 
	0-16 year
	Household income, child age, child gender, child ethnicity, household educational attainment, household structure (e.g. household size), IMD, household occupation (NS-SEC), household income, ethnicity, geographic location, subjective financial insecurity, parent marital status, parent smoking status. 
	· Food consumption 
· Nutrient consumption 
· Dental health  
· Blood pressure 
· Weight indicators (e.g. waist and hip circumference) BMI taken if individuals aged 16+ years. 
	No 
	Yes

	Leeds My Health My School 
	Leeds, UK 
	7-16 years
	Primary and secondary school information. Individual child information not available. 
	· Child healthy eating
· Child physical activity and sports
· Child drug use
· Child emotional and mental health
· Child sexual health
	
	









	Pathway
	Current data availability
	Data sources from this chapter

	HFI to child diet quality
	· Non-UK-based studies (chapter two). 
· Mixed evidence regarding HFI and fruit and vegetable intake from US-based studies (chapter two).

	· BiB 

	HFI and child behaviour 
	· Non-UK-based studies (chapter two). 
· Mixed evidence supporting direct relationship (chapter two).
	· BiB

	Parent mental health to child behaviour 
	· LifeSim model (this chapter)
· Non-UK based studies (chapter two)
	· Millenium Cohort
· BiB
· ALSPAC
· Southampton Women’s Study
· 

	HFI to child behaviour via parent mental health 
	· Non-UK based studies (chapter two) 
	· BiB

	Intervention impact on diet 
	· School-based feeding intervention impact studied on diet quality (chapter three). Most commonly used NDNS data.
	· NDNS (FSM-eligibility on diet)
· BiB (FSM eligibility/UFSM eligibility on diet)

	Intervention impact on parent mental health
	· Limited quantitative data available. Largely qualitative data (chapter three).
	· - 

	Intervention impact on child behaviour
	· Largely quantitative data from parent or teacher reports.
	· Leeds My Health My School
· BiB (FSM-eligibility on behaviour) 
· Millenium Cohort (FSM eligibility/UFSM eligibility on behaviour)
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	Pathway
	Current data availability
	Data sources from this chapter

	HFI to child diet quality
	· Non-UK-based studies (chapter two). 
· Mixed evidence regarding HFI and fruit and vegetable intake from US-based studies (chapter two).

	· BiB 

	HFI and child behaviour 
	· Non-UK-based studies (chapter two). 
· Mixed evidence supporting direct relationship (chapter two).
	· BiB

	Parent mental health to child behaviour 
	· LifeSim model (this chapter)
· Non-UK based studies (chapter two)
	· Millenium Cohort
· BiB
· ALSPAC
· Southampton Women’s Study
· 

	HFI to child behaviour via parent mental health 
	· Non-UK based studies (chapter two) 
	· BiB

	Intervention impact on diet 
	· School-based feeding intervention impact studied on diet quality (chapter three). Most commonly used NDNS data.
	· NDNS (FSM-eligibility on diet)
· BiB (FSM eligibility/UFSM eligibility on diet)

	Intervention impact on parent mental health
	· Limited quantitative data available. Largely qualitative data (chapter three).
	· - 

	Intervention impact on child behaviour
	· Largely quantitative data from parent or teacher reports.
	· Leeds My Health My School
· BiB (FSM-eligibility on behaviour) 
· Millenium Cohort (FSM eligibility/UFSM eligibility on behaviour)
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	BiB dataset (respondents)
	Data collected

	BiB Cohort information (mother and father)
	· Child Gender, ethnicity 
· Father age and gender
· Mother age and gender 
· BiB pregnancies for mothers and fathers

	BiB Baseline Mother (mother)
	· Mother age (months/years) 
· Alcohol consumption 
· Benefits/welfare 
· Diet and nutrition. 
· Education 
· Ethnicity
· Finances
· Well-being
· Environmental exposure 
· Household composition 
· Marital status
· Social classification 
· Occupation 
· Housing information
· Smoking status 
· Location and languages spoken

	BiB Baseline Father (father)
	· Age
· Education
· Location and language smoking
· Alcohol consumption
· Occupation 
· Weight (kg) 

	BiB Growing up adult survey (both/either)
	· Parent age (months/years)
· If respondent is main carer
· Household composition
· Marital status
· Neighbourhood characteristics
· Qualifications/partners qualification
· Occupation/ partners occupation (NS-SEC) 
· Benefits information 
· Subjective financial security
· Social capital
· General health
· Health conditions /mental health conditions
· Smoking status
· Alcohol consumption 
· Wellbeing – validated depression and anxiety questionnaires (GAD-7 and PHQ-8)
· Physical activity
· Ethnicity/ culture
· Place of birth/ languages spoken
· Education 

	BiB1000 Growing Up child survey completed by parents (both/either)
	· Parent age (months/years
· HFI 6-item USDA survey
· Physical activity
· Parenting style (parent-child bond)
· Child diet questionnaire 
· Eating behaviour (e.g. where does child eat?) 

	BiB SDQ survey 
	· Child age 
· SDQ survey scales 
· Behavioural outcomes
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Plan Overview
A Data Management Plan created using DMPonline

Title: What is the role of school-based feeding interventions in the UK in helping to reduce the impact of household food insecurity on child health outcomes?

Creator:Sarah Abraham

Affiliation: The University of Sheffield

Funder: Wellcome Trust

Template: Postgraduate Research DMP (The University of Sheffield)

Project abstract:
The overarching aim of the project is to develop a model or adapt a pre-existing model to evaluate the impact of UK school-based feeding interventions on child health outcomes and health inequalities that result from household and/or child food insecurity in terms of cost- effectiveness and equity impact. This project will analyse secondary data using statistical methods in R and produce a novel health economics model with novel output using the secondary data.

ID: 128344

Start date: 10-10-2020

End date: 10-10-2024

Last modified: 17-07-2023
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What is the role of school-based feeding interventions in the UK in helping to reduce the impact of household food insecurity on child health outcomes?


Defining your data


[image: ]  What digital data (and physical data if applicable) will you collect or create during the project? [image: ] How will the data be collected or created, and over what time period?
[image: ] What formats will your digital data be in? (E.g. .doc, .txt, .jpeg)
[image: ] Approximately how much digital data (in GB, MB, etc) will be generated during the project? [image: ] Are you using pre-existing datasets? Give details if possible, including conditions of use.


The digital data used will be the Born in Bradford secondary data, which was collected as part of the Born in Bradford study, a longitudinal study dataset that was founded by the Born in Bradford research group. The data sharing agreement has been shared by the group and is currently under review from the contracts team. The data has already been collected and will be statistically analysed by me during my PhD, using the R statistical software. The digital data files will be in the STATA format when shared, and then converted into R files to be used within the R programme. The size of the files has not been provided but the following files
have been requested and will be accessed; BiB cohort information, BiB baseline survey, BiB growth, BiB geographic information, BiB1000 survey, BiB dental survey, BiB growing up survey, BiB SDQ survey. This is a pre-existing dataset.





Looking after data during your research


[image: ] Where will you store digital data during the project to ensure it is secure and backed up regularly? (E.g.University research storage, or University Google drive)
[image: ] How will you name and organise your data files? (An example filename can help to illustrate this) [image: ] If you collect or create physical data, where will you store these securely?
[image: ] How will you make data easier to understand and use? (E.g. include file structure and methodology in a README file)
[image: ] Will you use extra security precautions for any of your digital or physical data? (E.g. for sensitive and/or personal data)


The data will be stored on my university laptop, in the University filestore (X:drive). I will name my files by file type, year and sweep. For example; BiB_cohort_information_2001_sweep1. I am not creating physical data. The data will be accompanied by datacode book, as it will come pre-coded. A metadata file be stored to explain how the data can be used. The data is classed as personal data and will be stored in the University filestore (X: drive)





Storing data after your research


[image: ]  Which parts of your data will be stored on a long-term basis after the end of the project?
[image: ] Where will the data be stored after the project? (E.g. University of Sheffield repository ORDA, or a subject-specific repository) [image: ] How long will the data be stored for? (E.g. standard TUoS retention period of minimum 10 years after the project)
[image: ]  Who will place the data in a repository or other long-term storage? (E.g. you, or your supervisor)
[image: ] If you plan to use long-term data storage other than a repository, who will be responsible for the data?


The data stored long-term will be the outputs of the statistical analysis, and data that has been cleaned and manipulated to run the statistical analysis until termination of the data sharing agreement. The data will be stored in the X drive until then. The data will be stored and encrypted to the AES-256bit standard and accessible using strong passwords (at least 12 characters using a mix of letters, cases, numbers and symbols).
Code that is developed during the study will be stored in GitHub. The data contract is valid for 5 years from the moment the data is shared and will be reviewed every 2 years. Within a period of 6 months of the termination of the data sharing agreement, I will provide the providing organisation with a complete electronic copy of any derived data generated from access to and use of the data. Analyses and results of the data will be owned by myself and stored in the University X: Drive or ORDA.



Sharing data after your research


[image: ] How will you make data available outside of the research group after the project? (E.g. openly available through a repository, or on request through your department)
[image: ] Will you make all of your data available, or are there reasons you can’t do this? (E.g. personal data, commercial or legal restrictions, very large datasets)
[image: ] If there are reasons you can’t share all of your data, how might you make as much of it available as possible? (E.g. anonymisation, participant consent, sharing analysed data only)
[image: ] How will you make your data as widely accessible as possible? (E.g. include a data availability statement in publications, ensure published data has a DOI)
[image: ]  What licence will you apply to your data to say how it can be reused and shared? (E.g. one of theCreative Commons licences)


Data will be made available in the form of publications of the research outputs. Prior to publishing any data, analyses or results derived from the data, under a Data Sharing agreement, all steps will be taken to render the data anonymous. The providing organisation will be acknowledged for any publications. Any publications will be provided to the Director of Research at the Born in Bradford study group at least 1 month prior to submission of the publication to ensure that the data presented is not in breach of ethical approvals and to ensure appropriate acknowledgements are included.
Only analysis outputs will be shared, the original data will not be shared under any circumstances apart from with organisations specified in the data sharing agreement.
Published data will have DOI. The data from the Born in Bradford study will not be shared. The code that is produced from the project will be available to be reused in GitHub. I will apply one of the creative commons license after reviewing suitability.





Putting your plan into practice


[image: ] Who is responsible for making sure your data management plan is followed? (E.g. you with the support of your supervisor) [image: ] How often will your data management plan be reviewed and updated? (E.g. yearly and if the project changes)
[image: ] Are there any actions you need to take in order to put your data management plan into practice? (E.g. requesting University research storage)


I am responsible (under guidance from my supervisors) for making sure my data management plan is followed, along with my supervisors who will also have access to the data. The data management plan will be reviewed and updated if the project changes. I will need to request university research research storage.
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BRADFORD INSTITUTE FOR HEALTH RESEARCH:

DATA SHARING CONTRACT
 

Providing Organisation	Bradford Institute for Health Research
Bradford Teaching Hospitals NHS Foundation Trust
Bradford Royal Infirmary
Duckworth Lane
Bradford
BD9 6RJ
Receiving Organisation	Organisation name and address

Each a “Partner Organisation” and collectively the “Partner Organisations”.

Purpose of Contract
This Data Sharing Contract (either “the Contract” or “the Data Sharing Contract”) establishes an undertaking by the above-named Receiving Organisation to abide by a code of conduct regarding the management of any patient or other person Data shared or received by the organisation in pursuance of research projects or other approved programmes that are supported by the Bradford Institute for Health Research based at Bradford Teaching Hospitals NHS Foundation Trust (the Providing Organisation).
Each data sharing arrangement will require a separate Data Sharing Agreement which describes the data to be shared under the terms and conditions of this Data Sharing Contract (the “Data”) and other Data specific details and controls as described at clause 9 below. 
The purpose of this Contract is to:
•	Clarify the responsibilities of the Partner Organisations in relation to the Data
•	Ensure that confidentiality and privacy of the Data are respected appropriately
•	Ensure that the Receiving Organisation follows legislation and good practice in relation to data protection
•	Set out arrangements for termination of the Contract 
 
General Terms
1.	This Contract does not supersede any other data sharing arrangements operating between the Partner Organisations, it is relevant only to data sharing for the purposes of research projects or other approved programmes that are supported by the Bradford Institute for Health Research (BIHR) based at Bradford Teaching Hospitals NHS Foundation Trust (BTHFT).
2.	It is intended that this Contract is valid for a five year period from the date the Receiving Organisation signs, at which point it may be renewed or terminated by the Providing Organisation in consultation with the Receiving Organisation.  
3.	The Contract shall be reviewed every 2 years or as a result of changes to relevant legislation or national policy. Any changes to the terms of the Contract during the five year period shall be provided in writing and signed as an amendment to the Data Sharing Contract by each Partner Organisation.
4.	The Receiving Organisation is responsible for ensuring that their organisation has implemented appropriate policies, procedures and processes to safeguard the Data.
5.	Nothing in this Contract shall:
a)	impose an obligation on any Partner Organisation to disclose any personal, health or sensitive Data to the other; or
b)	require any Partner Organisation to act in a manner which conflicts with its legal obligations, legal functions or duties, or internal governance arrangements.
6.	The Partner Organisations undertake to ensure that each of its employees, including students, contractors, and locums, have undertaken appropriate information governance training and recognises and understands their responsibilities when sharing or receiving patient or other person Data under this Data Sharing Contract and the relevant Data Sharing Agreement.
7.	Failure to comply with the terms of this Data Sharing Contract may lead to the withdrawal of the Receiving Organisation’s right to participate in the Contract and access to any Data supplied under the Data Sharing Contract or linked Data Sharing Agreement being withdrawn.
8.	This Data Sharing Contract alone does not facilitate data sharing.  No Data shall be transferred or shared until a separate Data Sharing Agreement has been completed and signed by each participating organisation in respect of the proposed data flow or data sharing arrangement.  
9.	A specific Data Sharing Agreement between the Receiving Organisation and the Providing Organisation shall provide details for each individual data sharing arrangement including:
a)	The Data to be shared including frequency: See section 4 of the Data Sharing Agreement
b)	The purpose the Data is to be used for: See section 4 of the Data Sharing Agreement
c)	The method of transfer / details of how the Data will be shared: See section 4 of the Data Sharing Agreement
A copy of the Data Sharing Agreement template can be found at https://borninbradford.nhs.uk/wp-content/uploads/BIHR-Data-Sharing-Agreement.docx
10.	Each Data Sharing Agreement shall be governed by the terms and conditions of this Data Sharing Contract. Data to be shared under this Contract may be anonymised (including through de-identification or pseudonymisation with appropriate controls in place) or Personal Data. Personal Data means information relating to an identified or identifiable natural person.
Termination
11.	Either Partner Organisation may terminate this Contract and the Data Sharing Agreements governed by it before it is due to expire by giving written notice of their intention to terminate not less than one month before the intended termination date if the departing Partner Organisation has taken all reasonable steps to ensure that withdrawal does not place the other Partner Organisation in breach of any third party contractual agreements to perform a research project or other programme.
12.	If the Providing Organisation has reason to believe that the Receiving Organisation is in breach of the terms of this Contract or of a Data Sharing Agreement governed by this Contract then Providing Organisation will report this to the Receiving Organisation and shall have the right to suspend data sharing arrangements until the potential breach has been investigated and it has been confirmed that there was no breach or that the breach has been remedied.
13.	Either Partner Organisation may terminate this Contract with immediate effect in writing if:
a)	The other organisation is in material breach of the terms of the Contract and or a specific Data Sharing Agreement governed by the Contract and the organisation fails to or cannot remedy the breach within 30 days of notice of the breach
b)	The other organisation ceases to operate as a legal entity for example through closure or merger with another organisation.
c)	The other organisation no longer has the lawful power to perform any of the obligations contained within this Contract. 
14.	Termination of the Data Sharing Contract for a Partner Organisation automatically terminates any Data Sharing Agreements governed by the Contract that have resulted in Data being shared with the Partner Organisation.
15.	On termination of the Contract, or sooner at the termination of the specific Data Sharing Agreement, unless otherwise agreed in writing between the Partners Organisations the Data held by the Receiving Organisation under the governance of the Contract shall be securely and permanently destroyed and confirmation in the form of a destruction certificate (which may be in the form of a letter) shall be provided to the Providing Organisation. 
Intellectual Property Rights
16.	Ownership of the Data (including copyright and related rights, database rights and sui generis database rights) shall vest in the Providing Organisation.

17.	The Receiving Organisation shall provide the Providing Organisation with a complete electronic copy of any Derived Data generated from access to and use of the Data within a period of 6 months of the termination of the specific Data Sharing Agreement. Derived Data is defined as follows:
a)  Derived Data: individual-level data generated by the Receiving Organisation from analyses or functional combinations of the Data. An example of a Derived Data variable includes Body Mass Index (BMI), being a function of height and weight or a diagnostic indicator based on analysis of clinical codes. The Providing Organisation retains ownership of these Derived Data and these data, with their explanatory documentation, must be returned to the Providing Organisation to feed back into the data resource. The Receiving Organisation is only permitted to keep the Derived Data until the end of the specific Data Sharing Agreement. The syntax or methodology documentation used to create the Derived Data is the property of the Receiving Organisation, but the Providing Organisation shall be granted a non-exclusive royalty free and perpetual license to access, use and distribute this for research, teaching and other non-commercial purposes. 
18.	Analyses and results (if any) derived from access to and use of the Data shall be owned by the Receiving Organisation with the exception of Derived Data. The Receiving Organisation grants to the Providing Organisation an irrevocable, perpetual, worldwide, transferrable, royalty-free license to use all Receiving Organisation analyses and results for research, teaching and other non-commercial purposes.
Publications
19.	The Receiving Organisation will provide any potential publications to the Director of Research at the Providing Organisation (see Notices) at least one (1) month prior to submission of the publication to ensure that the data presented is not in breach of ethical approvals and to ensure appropriate acknowledgements are included. If the Receiving Organisation doesn’t receive communication back within 14 days of issuing such notice, then the Receiving Organisation shall be entitled to pursue the publication as submitted. 
20.	The Receiving Organisation will acknowledge the Providing Organisation in all publications and presentations arising from use of the Data in the form specified in guidance for collaborators published on the Providing Organisation website: https://borninbradford.nhs.uk/research/guidance-for-collaborators/. 
Data Controller Responsibilities
21.	Where the shared Data is Personal Data the Receiving Organisation shall be considered to become the Data Controller unless otherwise set out in the specific Data Sharing Agreement.
22.	The Receiving Organisation shall ensure that Data are processed lawfully and in accordance with all applicable laws and regulatory standards, including secure storage and transfer.
23.	The Receiving Organisation will inform the Providing Organisation when a subject access request is made by a patient and will respond to the patient as required by the Data Protection Act.
24.	Where the shared Data is not Personal Data but becomes Personal Data through processing undertaken by the Receiving Organisation, the organisation shall become the Data Controller.  As Data Controller, the organisation shall be responsible for notifying the Providing Organisation; identifying whether the action constitutes a data breach; and establishing a lawful basis for continuing to hold or destroy the Personal Data as appropriate.
Terms and Conditions for Data Sharing
25.	As a Data Controller, the Providing Organisation is not under any obligation to transfer or share access to their Data under this Contract unless they are satisfied that it is appropriate to do so.
26.	As the Data Controller for the Data to be shared or accessed it is the Providing Organisation’s responsibility to ensure that:
a.	There is an appropriate lawful basis for providing the Data and that this is set out in the specific Data Sharing Agreement.
b.	Appropriate information has been provided to all affected patients.  The Receiving Organisation shall provide material to assist the Providing Organisation with patient information, fair processing and informed consent where appropriate.
c.	All patient objections to data sharing (or where applicable withdrawal of consent) are honoured and Personal Data for these patients is not shared.
27.	If the Providing Organisation receives a request to disclose health Data under this Contract which they do not intend to comply with they must inform the applicant of its decision in writing and provide reasons for the rejection of the request.
28.	The Providing Organisation shall supply Data in the form and format agreed within the specific Data Sharing Agreement.
29.	The Providing Organisation shall transfer the Data to the Receiving Organisation using an appropriately secure method as agreed and specified in the Data Sharing Agreement.
30.	The Receiving Organisation shall ensure that the Data is only accessed by those employees, agents, students and contractors that are named in the specific Data Sharing Agreement and where appropriate shall use role based access controls to limit that access.
31.	The Receiving Organisation shall ensure that all its employees, agents, students and contractors shall only use any Data received under the terms of this Contract for the purpose detailed in the specific Data Sharing Agreement.
32.	The Receiving Organisation shall not pass any Data received under a Data Sharing Agreement to any third party unless otherwise set out within the specific Data Sharing Agreement or with prior written consent of the Providing Organisation.
33.	The Receiving Organisation shall ensure the Data is stored on hardware located in secure environments (locked locations in locked buildings). The hardware used to store the Data must be encrypted to the AES-256bit standard (or the latest encryption standard outlined in the Data Security and Protection Toolkit) and accessible using strong passwords (at least 12 characters using a mix of letters, cases, numbers and symbols).
34.	Should the Data need to be transported, the Receiving Organisation shall ensure the Data is transported in an encrypted format using encryption to the AES-256bit standard and strong passwords (at least 12 characters using a mix of letters, cases, numbers and symbols). Where the Data is being transported physically then the device must also be encrypted to AES-256bit standard. Encryption keys must be held securely and not transported using the same mechanism as the Data.
35.	The Receiving Organisation is responsible for ensuring their electronic file infrastructure is fit for purpose and it is secured through the implementation of access control mechanisms; regular patching of software and hardware; use of current anti-virus software; the conducting of penetration testing and swift resolution of any vulnerabilities found.
36.	The Receiving Organisation shall not combine or link the Data received under the terms of this Contract with any other Data held by the Receiving Organisation unless otherwise specified in the specific Data Sharing Agreement. 
37.	For patient level Data that has been anonymised the Receiving Organisation shall not use or manipulate the Data in any way that re-identifies any individual from that Data. 
38.	The Receiving Organisation shall notify the Providing Organisation of any Data Breach (or suspected Data Breach) as soon as is practicable.  A Data Breach is a breach of security leading to the accidental or unlawful destruction, loss, alteration, unauthorised disclosure of, or access to, data which is the subject of a Data Sharing Agreement. Data Breaches should be recorded according to local incident management procedures but must be assessed to establish whether an incident is reportable (as defined in the DSP Toolkit). Use of the DSP Incident Reporting reporting system will automatically notify the Information Commissioners Office for incidents that are required to be notified.  Further guidance is available at the following: https://www.dsptoolkit.nhs.uk/Help/29 
39.	Before publishing any Data, or analyses or results derived from Data, received under a Data Sharing Agreement the Receiving Organisation shall ensure that all steps necessary have been taken to render the Data anonymous to a level sufficient to be compliant with the Information Commissioner’s Office code of practice: https://ico.org.uk/media/1061/anonymisation-code.pdf
40.	The Receiving Organisation shall not transfer Personal Data received under the terms of this Contract outside the UK or the European Economic Area without the prior written consent of the Providing Organisation and only where such transfer is permitted under and complies with the Data Protection Act 2018 and the General Data Protection Regulations (UK or EU where applicable). 
41.	The Receiving Organisation shall notify the Providing Organisation if a request is received regarding the Data under the Freedom of Information Act 2000 prior to the release of any Data and shall use its best endeavours to involve the Providing Organisation in producing the response to such a request. 
42.	The Receiving Organisation shall adhere to the Guidance for Collaborators: https://borninbradford.nhs.uk/research/guidance-for-collaborators/
Notices
43.	The Parties’ representatives for the purpose of receiving reports and other notices shall until further notice be: 
a.	Providing Organisation:
i.	Director of Research – Professor John Wright (john.wright@bthft.nhs.uk)

b. Receiving Organisation: Receiving Organisation contact for Notices

 
Signature Page
Parties to the Data Sharing Contract

Signed for and on behalf of Receiving Organisation 
	Receiving Organisation name and address
Name	
Role / Job Title	
Signature	
Date	

Signed for and on behalf of Providing Organisation 
	Bradford Teaching Hospitals NHS Foundation Trust
Bradford Royal Infirmary
Duckworth Lane
Bradford
BD9 6RJ
Name	Professor John Wright
Role / Job Title	Director of Research
Signature	
Date	
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Questionnaire


Will you be undertaking any primary data collection involving human participants or personal data as part of your project? No
Will the dataset that you plan to use for this project have been fully anonymised before you, or any other member of the research team (including any supervisors), are given access to it?
Yes

Could your analysis and subsequent reporting of findings lead to the re-identification of data subject(s), by yourselves or any third party (e.g. the data provider)?
No

Has consent been obtained from the original data subjects for the secondary use of their data for research purposes? No
Can you be reasonably sure that the research you will be undertaking is unlikely to cause offence to the original data subjects, should they become aware of it?
Yes


Section A: Applicant details


Date application started:
Mon 17 July 2023 at 10:12

First name:
Sarah

Last name:
Abraham

Email:
sjabraham1@sheffield.ac.uk

Programme name:
Wellcome Trust Public Health and Decision Science PhD programme

Module name:
Wellcome Trust Public Health and Decision Science PhD programme Last updated:
24/07/2023

Department:
School of Medicine and Population Health

Applying as:
Postgraduate research

Research project title:
What is the role of school-based feeding interventions in the UK in helping to reduce the impact of household food insecurity on child health outcomes?
Similar applications:
- not entered -

[image: ]Has your research project undergone academic review, in accordance with the appropriate process? Yes

Section B: Basic information


Supervisor

Name	Email

Penny Breeze	p.breeze@sheffield.ac.uk


Proposed project duration

Proposed start date: Sat 10 October 2020

Proposed end date: Thu 10 October 2024



Section C: Summary of research


1. Aims & Objectives

Aims and objectives summary:
· Use dataset to create synthetic population of individuals for input into the model
· Conduct statistical analyses to inform model input parameters and individual trajectories (methodology ideas presented in methodology section of the ethic application). Relevant outcomes include; change in BMI, change in dietary profile, change in oral health, change in mental health outcomes (all outcomes related to HHFI which is also reported in the dataset).
· Identify relevant subgroups for subgroup analyses
· Conduct microsimulation modelling using data and test for validity against the dataset.
· Introduce intervention impact into the model.

2. Methodology

The BiB longitudinal datasets will be used to create a synthetic population of children from birth through to age 17 and to create health outcome trajectories based on these children’s data, for microsimulation modelling. The aim of the modelling is to evaluate how school- based feeding interventions in the UK mitigate the impact of household food insecurity (HHFI) on child health outcomes. A review was conducted as part of the PhD project that identified individual attributes that can determine HHFI in children, including gender, ethnicity, age, geographical information, household income and parent employment. These attributes are present in the BiB longitudinal datasets and will be used to form meaningful attributes of individual children in the synthetic model population. A nested trial of the BiB study collected data as part of the BiB1000 survey which included a measure for HHFI data, thus a HHFI status will also be assigned to individual children of the synthetic population. The aim of this would be to use this measure as an outcome when evaluating intervention impact in food secure vs food insecure child populations. During my PhD project, the reviews I conducted found that HHFI was related to poor child health outcomes such as BMI, poor oral health, and poor mental health, thus the BiB SDQ survey, BiB growing up and BiB dental survey will be used to project child trajectories over time and assess the difference between food insecure vs food secure children trajectories. Data on maternal health is also reported in these surveys, which is essential as maternal health plays a mechanistic role between HHFI and child health outcomes, especially child mental health. Furthermore, diet quality, which was identified as a key mechanism by which HHFI leads to numerous poor child health outcomes, is also reported in this dataset and will be used as an outcome when evaluating school-based feeding interventions.
I aim to use various regression methods in R to gather insight which outcomes in the dataset impact the health outcome trajectory of children. Some common approaches for statistical analyses of longitudinal datasets include ANOVA, growth mixture models, latent class growth curves, longitudinal latent class analysis as well as multilevel modelling. The most appropriate statistical method will be utilised to identify relevant trajectories in the BiB longitudinal datasets. The trajectories will then be used to inform parameters and trajectories of individuals within the health economics model School-based feeding interventions are likely to impact children’s dietary intake, the magnitude of this impact and the overall impact on child health trajectories will be evaluated by the health economics model.





Document 1126706 (Version 1)
Data management plan
All versions
External Documentation

- not entered -
Section G: Declaration

Signed by:
Sarah Abraham Date signed:
Fri 21 July 2023 at 14:19
Offical notes

- not entered -
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1.1 Coding the CDQ 

In terms of coding the raw data, it was initially difficult to distinguish between “NA” for missing data and “NA” that meant “No”, as some questions only had a “Yes” response option. To appropriately code these, for parents that had answered yes to other parts of the survey, it was assumed that NA meant no. If the surveys were incomplete for all dietary items, then it was assumed that NA was NA, and that these responses were missing. This method was used to clean the whole diet survey.  

1.2 Detailed calculation of fruit and vegetable scores 

Parents were asked to answer questions on their children’s consumption of individual fruit and vegetable items over the previous week (e.g. over the past 7 days, has your child eaten fruit salad?). The questionnaire also allowed parents to record “other fruit” and “other vegetable” varieties that had been consumed over the previous week, in free text. Parents were also asked questions on the number of occasions in the past 24 hours their child consumed vegetables and fruits and asked how many different types of fruit and vegetables children consumed in the past 24 hour, responses were on the scale “nil, once, twice, three times, four times, and five plus times. Additionally, parents were asked how many days in the last week their child had some vegetables and fruit, with responses “none, one, two, three, four, five, six, every day. 

To begin the calculation, it was essential to convert all categorical responses to numeric form so that they could be used to calculate the sum fruit vegetable scores. 
All variables were converted to numeric form, where the response was “five plus times” this was coded as 5, and where the response was “everyday” this was coded as 7, nil or none were coded as 0. 

The number of days fruit and/or vegetables were consumed in the last week were divided by 7 to achieve average frequency of consumption of fruit and vegetables per day. The individual fruit items and individual vegetable items consumed over the past 7 days were divided by 7 to create fruit variety per day and vegetable variety per day. Total fruit and vegetable score was calculated by summing items fruit variety per day, vegetable variety per day, number of different fruit and vegetable consumed in the previous day, number of occasions in the previous day that fruit or veg were consumed, and the average frequency of consumption of fruit and vegetables per day. 

Although the documentation did not provide guidance on how to incorporate the “other veg” and “other fruit” variables, these variables were included due to the importance of including cultural fruit and vegetables, that were not included in pre-existing items. Free-text was converted into numeric values per individual, (e.g. if the free-text stated blueberries and strawberries, these were counted as 2 for that individual), creating counts for “other fruit” and “other veg” per week. These were divided by 7 to achieve other fruit variety per day and other vegetable variety per day. These were added to the sum of the total fruit and vegetable score, to produce the final total fruit and vegetable score. High total fruit and vegetable scores indicated greater variety and quantity in the consumption of total fruit and vegetable scores and were a positive indicator of diet quality. 

1.3 Detailed calculation of non -core food scores
Questions on non-core foods were asked in the format “over the past 7 days, has your child eaten takeaway foods” with responses provided on a 7- point scale (nil, once, twice, three times, four times, five times and six + times). The responses for each question were transformed into a numeric variable with responses 0-6. The sum of all questions was calculated and divided by 7 to obtain a non-core food score, for each child. This is the non-core score used in this analysis.  
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1.4 HFI calculation
Food security status was derived by using the 6-item short form version of the USDA Food Security Survey module (USDA 2012). Scores were calculated for each question, with affirmative responses coded 1 and non-affirmative coded 0. The sum of affirmative responses was used to assign households into three categories “high/marginal food security” (total scores 0-1), “low food security” (total scores 2-4), and “very low food security” (total scores 5-6), this is the scale specified by the USDA Food Security Survey Module (USDA 2012). Due to the sample sizes, “very low” and “low” food secure states were combined, which left us with a binary HFI variable to be used in the analysis. 

1.5 Sociodemographic characteristics 

	Sociodemographic variables
	Variable type/Coding

	Child age 
	Continuous - years

	Maternal age 
	Continuous - years

	Child gender 
	Categorical- Male (0)/Female (1)

	Child ethnicity
	Categorical - White (0)/Asian (1)/Other (2) 

	Parent cohabitation status
	Categorical - Married or living with partner (1)/ not living with partner (0)

	Highest household education level
	Categorical- up to 5 or more GCSEs at grade A-C or equivalent including don’t know, other and no qualifications (0)/ A-level equivalent or higher (1) 

	Ethnicity
	1- White, 2 – Asian (South Asian and Chinese), 3- Other (Black, Mixed and Other) 

	Household size
	Categorical – 5 members (0),  5 members (1) 

	Child FSM-eligibility
	Categorical – Not FSM eligible (0), FSM-eligible (1)

	NS-SEC 
	Categorical and ordinal- 
NS-SEC1: Managerial, administrative, and professional occupations (coded 0) 
NS-SEC2:  Intermediate occupations (coded 1) 
NS-SEC3: Small employees and own account workers (coded 2)
NS-SEC4: lower supervisory and technical occupations (coded 3) 
NS-SEC5: semi-routine and routine occupations (coded 4) 
NS-SEC6: both parents unemployed.

	Parent PHQ-8 score
	Continuous - PHQ-8 (depression) score 


[bookmark: _E3:_Model_imputation][bookmark: _Toc206700733]E3: Model imputation details 
The visit sequence of the imputation model was specified from variables with the least missing data to variables with the most missing data. This was as follows: “Child gender”, “ethnicity”, “FSM”, “cohabitation status”, “maternal age”, “education level”, “subjective financial insecurity”, “household size”, “child age”, “NS-SEC”, “HFI”, “fruit and vegetable score”, “non-core scores”. 

The imputation method used as predictive mean matching, where twenty imputed datasets were created. The maximum iterations were twenty to achieve convergence. 

[bookmark: _E4:_Extended_results][bookmark: _Toc206700734]E4: Extended results section 
Detailed descriptive statistics for the original sample
For the original sample 79% had missing data for food insecurity, of those that had data 90% were food secure, while 9% were food insecure. The mean age of children in the original sample was 9.25 (SD=0.69) while mean maternal age was 37.46 (SD= 5.53). Approximately 49% of children in the original sample were male. Around 86% of children lived in households where parents were married or cohabitating, while 14% lived in single-parent families, with 56% of data missing for cohabitation status. Most parents were educated up to 6 GCSEs at grades A-C (52%) while the rest had qualifications at A-level equivalent or higher (48%), and 56% of data were missing for parent education. Only one child had missing ethnicity data, of those that did have data, 37% were White, 55% were Asian, and 7.5 % were Other ethnicity. There was 57% missing data for household size, and where data was presented 63% of children resided in households with ≤ 5 members, while the rest resided in larger households. There was 19% missing data for FSM-eligibility, where data were present, 76% of children were FSM-eligible while 24% were not. Approximately, 64% of data were missing for NS-SEC, however where data were available 34% of households were in NS-SEC1, 10% were in NS-SEC2, 22% in NS-SEC3, 11% in NS-SEC5, and 8% in NS-SEC6. Where data were present for PHQ-8 scores, the mean score was 3.72 (SD=4.74). In terms of subjective financial insecurity, where data were available, most parents perceived no financial insecurity (72%).
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Relationships between all sociodemographic variables	
Chi-square tests or Fisher’s exact tests were conducted to explore the relationships between sociodemographic variables, and presented in the table below are the p-values indicative of statistically significantly relationships. Spearman’s correlation for mothers age and child age and between these and PHQ-8 scores. To test the relationship between PHQ-8 scores, and child age with categorical variables with two levels Wilcoxon-Mann- Whitney-U tests were employed, while for three-level variables Kruskal-Wallis was employed due to non- normal distribution of child age and PHQ scores. Independent t-test were considered for maternal age and all other sociodemographic covariates apart from child age and PHQ-8 scores. 

	Variables
	HFI binary
	Child age 
	Maternal age 
	Child gender 
	Cohabitation status 
	Education 2 level
	Child ethnicity
	FSM
	Household size
	Final NSEC
	SF binary
	PHQ-8 scores 

	HFI binary
	-
	-
	-
	
	
	
	
	
	
	
	
	

	Child age 
	-
	-
	
	0.99
	0.64
	0.18
	0.02
	0.99
	0.87
	0.16
	0.27
	0.75

	Maternal age 
	-
	- 
	- 
	0.01
	0.054
	<0.01
	
	0.10
	0.25
	0.32
	0.14
	0.72

	Child gender 
	-
	- 
	- 
	-
	0.69
	0.24
	0.45
	1.00 
	0.82
	0.78
	0.90
	0.28

	Cohabitation status
	-
	-
	-
	-
	-
	0.12
	<0.01
	0.10
	0.41
	0.086
	0.35
	0.76

	Education 2 level
	-
	-
	-
	-
	-
	-
	0.77
	<0.01
	0.02
	<0.01
	<0.01
	0.28

	Child ethnicity
	-
	-
	-
	-
	-
	-
	-
	0.206
	<0.02
	<0.01
	0.11
	0.02

	FSM
	-
	-
	-
	-
	-
	-
	-
	-
	0.10
	<0.01
	<0.01
	0.08

	Household size
	-
	-
	-
	-
	-
	-
	-
	-
	-
	<0.01
	0.36
	0.01

	Final NSEC
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	<0.01
	0.43 

	SF binary
	-
	
	
	
	
	
	
	
	
	
	-
	<0.01




Linear regression model results (complete-cases – fruit and vegetable scores) 
	Explanatory variables
	
	Model 1 – univariate model
(n=290) 
	Model 2 – multivariate 
	Model 3 – multivariate with subjective financial insecurity(n=290)

	Food security
	Food secure
	Reference 
	Reference
	Reference

	
	Food insecure
	-0.34 (0.96) 
	-0.10 (0.94) 
	-0.24 (0.97) 

	
	P-Value
	0.722
	0.91 
	0.81 

	Child age 
	
	-0.21 (0.42) 
	-0.12 (0.40) 
	-0.14 (0.40) 

	
	P-value
	0.62 
	0.76
	0.73 

	Maternal age
	
	0.12 (0.05)
	0.13 (0.05) 
	0.13 (0.05) 

	
	P-value 
	0.02 *
	0.01* 
	0.01*

	Child gender
	Female
	Reference
	Reference
	Reference

	
	Male
	-0.33 (0.56)
	0.09 (0.53) 
	0.10 (0.54) 

	
	P-value
	0.56 
	0.87
	0.86

	Parent cohabitation status
	Not living with partner   
	Reference
	Reference
	Reference 

	
	Married and/or living with partner
	-3.02 (1.95) 
	-2.21 (1.89)
	-2.19 (1.89) 

	
	P-value
	0.122 
	0.24 
	0.19

	Highest household education level
	Up to 5 or more GCSEs at grade A-C/ or equivalent (including don’t know, other, and no qualification)
	Reference
	Reference
	Reference 

	
	A level or equivalent or higher 
	2.03 (0.54) 
	1.19 (0.58)
	1.23 (0.59) 

	
	P-value
	<0.01*
	0.04*
	0.04*

	Child ethnicity 
	White  
	Reference
	Reference
	Reference

	
	Asian 
	-2.39 (0.60)
	-1.72 (0.65) 
	-1.72 (0.65) 

	
	P-value
	<0.01*
	<0.01*
	<0.01*

	
	Other 
	1.28 (1.25) 
	2.06 (1.22)
	1.99 (1.23) 

	
	P-value
	0.305
	0.10
	0.11 

	FSM status
	No 
	Reference
	Reference
	Reference

	
	Yes 
	-1.16 (0.69) 
	-0.40 (0.77) 
	-0.46 (0.77) 

	
	P-value
	0.0949 
	0.60
	0.55 

	Household size code 
	 ≤5 members 
	Reference
	Reference
	Reference

	
	>5 members 
	-1.86 (0.55)
	-1.09 (0.59)
	-1.11 (0.59) 

	
	P-value
	<0.01*
	0.06
	0.06

	NS-SEC 
	Managerial, administrative, and professional occupations
	Reference
	Reference
	Reference

	
	Intermediate occupations
	-1.59 (0.91)
	-0.81(0.89)
	-0.84 (0.90)

	
	P-value
	0.08
	0.37
	0.35 

	
	Small employees and own account workers 
	-2.62 (0.73) 
	-1.08 (0.78)
	-1.09 (0.78)

	
	P-value
	<0.01
	0.16 
	0.16

	
	Lower supervisory and technical occupations 
	-0.49 (1.01)
	0.98 (1.03)
	0.88 (1.04) 

	
	P-value
	0.63 
	0.34 
	0.40

	
	Semi-routine and routine occupations 
	- 2.48 (0.86) 
	-1.01 (0.91)
	-1.02 (0.91)

	
	P-value
	<0.01*
	0.27
	0.27

	
	Unemployed both parents
	-3.07 (1.08)
	-0.89 (1.28)
	-0.92 (1.28)

	
	P-value
	<0.01*
	0.48
	0.47

	Parent PHQ-8 scores 
	
	-0.17 (0.06)
	-0.17 (0.06) 
	-0.18 (0.06)

	
	P-value
	<0.01*
	<0.01*
	<0.01*

	Subjective financial insecurity 
	No
	Reference 
	Reference
	Reference

	
	Yes
	-0.38 (0.62) 
	-
	0.41 (0.65) 

	
	P-value
	0.541 
	-
	0.53 



Linear regression model results (complete-cases non-core food scores) 

	Explanatory variables
	
	Model4 univariate 
(n=290) 
	Model 5 multivariate (n=290)
	Model 6 multivariate with subjective financial insecurity
 (n=290)

	Food security
	Food secure
	Reference 
	Reference 
	Reference

	
	Food insecure
	-0.03 (0.25)
	-0.01 (0.26)
	0.04 (0.27) 

	
	P-Value
	0.90
	0.97
	0.88 

	Child age 
	
	-0.15 (0.11) 
	0.13 ((0.11)
	0.12 (0.11)

	
	P-value
	0.169 
	0.25 
	0.27

	Maternal age
	
	-0.018 (0.01) 
	-1.63 (0.01)
	-0.02 (0.01)

	
	P-value 
	0.174 
	0.26 
	0.24

	Child gender
	Female
	Reference
	Reference 
	Reference

	
	Male
	-0.23 (0.14) 
	-0.25 (0.15) 
	-0.25 (0.15) 

	
	P-value
	0.12
	0.09 
	0.09

	Parent cohabitation status
	Not living with partner   
	Reference
	Reference 
	Reference 

	
	Married and/or living with partner
	-0.86 (0.51)
	0.74 (0.53) 
	-0.74 (0.53) 

	
	P-value
	0.09
	0.16 
	0.16 

	Highest household education level
	Up to 5 or more GCSEs at grade A-C/ or equivalent (including don’t know, other, and no qualification)
	Reference
	Reference 
	Reference 

	
	A level or equivalent or higher 
	0.03 (0.14) 
	0.16 (0.16) 
	0.15 (0.16) 

	
	P-value
	0.85
	0.31 
	0.34 

	Child ethnicity 
	White  
	Reference
	Reference 
	Reference

	
	Asian 
	0.11 (0.16) 
	0.14 (0.18) 
	0.14 (0.18) 

	
	P-value
	0.48
	0.43 
	0.43 

	
	Other 
	0.59 (0.33) 
	0.44 (0.34) 
	0.47 (0.34) 

	
	P-value
	0.08 
	0.20
	0.17 

	FSM status
	No 
	Reference
	Reference 
	Reference

	
	Yes 
	0.47 (0.18) 
	0.54 (0.21)
	0.56 (0.22) 

	
	P-value
	<0.01*
	0.01* 
	0.01*

	Household size code 
	 ≤5 members 
	Reference
	Reference 
	Reference

	
	>5 members 
	0.16 (0.15) 
	0.17 (0.16) 
	0.14 (0.18)  

	
	P-value
	0.26
	0.48 
	0.45 

	NS-SEC 
	Managerial, administrative and professional occupations
	Reference
	Reference 
	Reference

	
	Intermediate occupations
	0.12 (0.24)
	0.01 (0.25) 
	0.03 (0.25) 

	
	P-value
	0.62
	0.97
	0.93 

	
	Small employees and own account workers 
	0.16 (0.20) 
	0.05(0.22) 
	0.06 (0.22)

	
	P-value
	0.43
	0.81 
	0.80

	
	Lower supervisory and technical occupations 
	0.32 (0.27)
	0.16 (0.29)
	0.19 (0.29)

	
	P-value
	0.24
	0.59 
	0.51 

	
	Semi-routine and routine occupations 
	0.35 (0.23) 
	0.12 (0.25) 
	0.12 (0.25) 

	
	P-value
	0.13
	0.64 
	0.63 

	
	Unemployed both parents
	0.096 (0.29) 
	-0.37 (0.36) 
	-0.36 (0.36) 

	
	P-value
	0.74
	0.30
	0.32 

	PHQ-8 scores 
	
	-0.00 (0.02)
	0.00 (0.02) 
	0.00 (0.02)

	
	P-value
	0.69
	0.99 
	0.87

	SF binary 
	No
	Reference 
	Reference 
	Reference

	
	Yes
	-0.016 (0.16)
	
	-0.15 (0.18)

	
	P-value
	0.92 
	
	0.41 


[bookmark: _E4:_Goodness_of][bookmark: _Toc206700735]E4: Goodness of fit statistics and residuals plot – fruit and vegetable scores 

	Residual standard error
	4.4

	Multiple R squared 
	0.19

	Adjusted R-Squared 
	0.15 

	AIC
	1697.69

	BIC
	1763.75 




Diagnostic plots for F&V model with all predictors 
· Residuals vs fitted: The residuals appear to be randomly distributed along the horizontal line, which suggests that there is no obvious non-linearity in this model, and that the variance of the errors is constant. However, a slight curve in the line might suggest there is some non-linearity however this does not appear to be pronounced. 
· Q-Q plot: The plot suggests that the majority of residuals are normally distributed, however at the tails there are some points that appear to deviate, suggesting that the residuals may not be completely normally distributed.
· Scale-location plot: This plot is a check for the assumption of homoscedasticity (constant variance) and due to the spread of residuals across the fitted values it suggests homes edacity in the model, with a slight deviation at higher fitted values.  
· Residuals vs Leverage plot: There appears to be some observations with high leverage that may be influencing the model results.
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[bookmark: _E5:_Goodness_of][bookmark: _Toc206700736]E5: Goodness of fit statistics and residual plots – non-core food scores



	Residual standard error
	1.22 

	Multiple R squared 
	0.07

	Adjusted R-Squared 
	0.02

	AIC
	955.21

	BIC
	1021.63



Diagnostic plots for F&V model with all predictors 
· Residuals vs fitted: The residuals appear to be scattered along the horizontal line but with a slight pattern which suggests non-linearity.  
· Q-Q plot: The Q-Q plot checks for normality of residuals. The plot suggests that the majority of residuals are normally distributed, however there is some deviations at the tails.  
· Scale-location plot: This plot is a check for the assumption of homoscedasticity (constant variance) and due to the spread of residuals across the fitted values it suggests some homes edacity in the model, with a slight deviation at higher fitted values.  
· Residuals vs Leverage plot: There appears to be some high leverage with three of the points on the plot. Some points 670, 719 and 929 appear to have influential observations. 
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[bookmark: _E6:_Sensitivity_analysis][bookmark: _Toc206700737]E6: Sensitivity analysis – HFI and 5-a-day (logistic regression model results) 


	Explanatory variables
	
	Multivariate 
Complete case (n=290)
	Multiple imputation (n=1763) 

	Food security
	Food secure
	Reference
	Reference

	
	Food insecure
	-0.11 (0.51) 
	-0.19 (0.42) 

	
	P-Value
	0.83 
	0.66

	Child age 
	
	-0.04 (0.20)
	-0.15 (0.18) 

	
	P-value
	0.82 
	0.41 

	Maternal age
	
	0.02 (0.03)
	0.02 (0.03)

	
	P-value 
	0.36
	0.42 

	Child gender
	Female
	Reference
	Reference

	
	Male
	0.32 (0.27) 
	0.03 (0.24)

	
	P-value
	0.24 
	0.92

	Parent cohabitation status
	Not living with partner   
	Reference
	Reference

	
	Married and/or living with partner
	-0.45 (0.93)
	-0.03 (0.42)

	
	P-value
	0.63 
	0.95

	Highest household education level
	Up to 5 or more GCSEs at grade A-C/ or equivalent (including don’t know, other, and no qualification)
	Reference
	Reference

	
	A level or equivalent or higher 
	0.32 (0.30)
	0.50 (0.24) 

	
	P-value
	0.24 
	0.05 .

	Child ethnicity 
	White  
	Reference
	Reference

	
	Asian 
	-0.82 (0.33)
	-0.86 (0.26) 

	
	P-value
	0.02
	<0.01

	
	Other 
	0.39 (0.61) 
	-0.12 (0.54) 

	
	P-value
	0.52
	0.82 

	FSM status
	No 
	Reference
	Reference

	
	Yes 
	-0.55 (0.42) 
	0.24 (0.31) 

	
	P-value
	0.19 
	0.44 

	Household size code 
	 ≤5 members 
	Reference
	Reference

	
	>5 members 
	0.12 (0.31)
	0.12 (0.37) 

	
	P-value
	0.69
	0.74

	NS-SEC 
	Managerial, administrative and professional occupations
	Reference
	Reference

	
	Intermediate occupations
	-0.66 (0.45)
	-0.88 (0.47) 

	
	P-value
	0.15
	0.07

	
	Small employees and own account workers 
	-0.49 (0.39) 
	-0.43 (0.29

	
	P-value
	0.21 
	0.14

	
	Lower supervisory and technical occupations 
	0.41 (0.49) 
	0.36 (0.40)

	
	P-value
	0.40
	0.37

	
	Semi-routine and routine occupations 
	-0.90 (0.49) 
	-0.69 (0.45)

	
	P-value
	0.06
	0.13

	
	Unemployed both parents
	-0.02 (0.68) 
	-0.32 (0.56)

	
	P-value
	0.97
	0.57

	Parent PHQ-8 scores  
	
	-0.08 (0.04) 
	-0.04 (0.02)

	
	P-value
	0.02 
	0.18





[bookmark: _Toc206700738]Appendix F: appendix for chapter 7

[bookmark: _F1:_Confirmatory_factor][bookmark: _Toc206700739]F1: Confirmatory factor analyses for GAD-7 and PHQ-8 parent mental health items
	No 
	Factor structure
	Specification
	RMSEA (90% C.I)
	CFI
	TLI
	SRMR
	Warnings

	1
	1-factor
	All PHQ-8 items on one latent factor “depression”
	0.09 (0.07-0.11)
	0.98
	0.97
	0.06
	None

	2
	1-factor
	All GAD7 items on one latent factor “anxiety”
	0.09 (0.06-0.12)
	0.99
	0.99
	0.03
	None

	3
	1-factor
	All GAD7 and PHQ items on one latent factor “parent mental health” 
	0.08 (0.07-0.09)
	0.98
	0.97
	0.05
	None

	4
	2-factor 
	All PHQ-8 items on onto “depression” and all GAD-7 onto “anxiety”
	0.05 (0.04-0.07)
	0.99
	0.99
	0.05
	None

	5
	2-factor and 1 second-order factor
	All PHQ-8 items on onto “depression” and all GAD-7 onto “anxiety”, then loaded onto second-order “parent mental health” factor
	0.05 (0.04-0.07)
	0.99
	0.99
	0.05
	None



[bookmark: _F2:_Confirmatory_factor][bookmark: _Toc206700740]F2: Confirmatory factor analyses for child SDQ items 

	No 
	Factor structure
	Specification
	RMSEA (90% C.I)
	CFI
	TLI
	SRMR
	Warnings

	1
	5-factor
	Emotional, conduct, peer problem, hyperactivity and prosocial. 
	0.06 (0.06-0.07)
	0.84
	0.82
	0.11
	None

	2
	5-factor 
	Emotional, conduct, peer problem, hyperactivity and prosocial. Cross loadings for positively worded items on to prosocial 
	0.03 (0.02-0.04)
	0.96
	0.95
	0.07
	Latent variable covariance matrix (PSI) not positive

	3
	5-factor 
	Emotional, conduct, peer problem, hyperactivity and prosocial. Cross loadings for positively worded items on to prosocial and correlated errors for similarly worded items from the hyperactivity scale (SDQ2 with SDQ10, and SDQ21 and SDQ25) 
	0.03 (0.02-0.04)
	0.97
	0.96
	0.07
	Latent variable covariance matrix (PSI) not positive

	4
	3-factor
	Externalising, internalising and prosocial
	0.070 (0.06-0.08)
	0.80
	0.78
	0.12
	None

	5
	3-factor 
	Externalising, internalising and prosocial. Cross loadings for positively worded items on to prosocial. 
	0.04 (0.03-0.05) 
	0.93
	0.92
	0.08
	None

	6
	3-factor 
	Externalising, internalising and prosocial. Correlated errors for similarly worded items from the hyperactivity scale (SDQ2 with SDQ10, and SDQ21 and SDQ25)
	0.06 (0.06-0.07)
	0.84
	0.82
	0.15
	None

	7
	3-factor*
	Externalising, internalising and prosocial. Cross loadings for positively worded items on to prosocial and correlated errors for similarly worded items from the hyperactivity scale (SDQ2 with SDQ10, and SDQ21 and SDQ25)
	0.03 (0.02-0.04)
	0.96
	0.96
	0.07
	None

	8
	5-factor into 3-factor 
	Emotional, conduct, peer problem, hyperactivity and prosocial. Cross loadings for positively worded items on to prosocial and correlated errors for similarly worded items from the hyperactivity scale (SDQ2 with SDQ10, and SDQ21 and SDQ25). Loaded conduct and hyperactivity onto externalising second-order factor, loaded emotional and peer problem onto internalising, second-order factor. Kept prosocial as a factor. 
	0.03 (0.02-0.04) 
	0.95
	0.95
	0.08
	Latent variable covariance matrix (PSI) not positive

	9
	1-factor 
	Emotional, conduct, peer problem, hyperactivity and prosocial onto 1 factor named “child mental health”
	0.13 (0.09-0.18)
	0.93
	0.86
	0.05
	None

	10
	1-factor
	All SDQ items onto one “child mental health” latent factor
	-
	-
	-
	-
	Model not identified

	11
	2-factor
	All difficulties SDQ items onto total difficulties latent factor, and prosocial items onto prosocial latent factor
	0.07 (0.07-0.08)
	0.78
	0.76
	0.12
	None




[bookmark: _F3:_Sensitivity_analysis:][bookmark: _Toc206700741]F3: Sensitivity analysis: removal of children whose HFI and SDQ surveys were completed more than 12 months apart 


	Direct associations 
	Primary analysis
	Sensitivity analysis 1

	
	β (SE) unstandardised 
	95% CI
unstandardised
	β (SE) unstandardised 
	95% CI
unstandardised

	HFI to parent mental health
	0.63 (0.18) *
	0.28–0.98
	0.63 (0.18)*
	0.27 –0.98

	HFI to Internalising
	0.05 (0.09)
	-0.12 – 0.21
	0.05 (0.09)
	-0.12 – 0.21

	HFI to externalising
	0.12 (0.17)
	-0.23– 0.55
	0.11 (0.17)
	-0.23 – 0.49

	HFI to prosocial
	-0.18 (0.20)
	-0.57 – 0.22
	-0.18 (0.20)
	-0.58 – 0.22

	Parent mental health to internalising behaviour
	0.19 (0.05)*
	0.10 – 0.28
	0.18 (0.05)*
	0.09 – 0.27

	Parent mental health to externalising behaviour
	0.46 (0.06)*
	0.35 – 0.57
	0.46 (0.06)*
	0.35 – 0.57

	Parent mental health to prosocial behaviour
	-0.16 (0.06)*
	-0.28 – -0.03
	-0.17(0.06)*
	-0.29 – -0.04

	
	
	
	
	



	
	
	Primary analysis
	Sensitivity analysis 1

	Association 
	Pathways
	β (SE)
	95% CI
	β (SE)
	95% CI

	Total (direct and indirect)
	HFI to Internalising and HFI to internalising via parent mental health
	0.16 (0.09)
	-0.01– 0.34

	0.16 (0.09)
	-0.01– 0.33


	Total indirect 
	HFI to Internalising via parent mental health
	0.12 (0.05)*
	0.03 – 0.21
	0.12 (0.04)*
	0.03 – 0.21

	Total (direct and indirect)
	HFI to externalising + HFI to externalising via parent mental health
	0.40 (0.18)*
	0.04 – 0.76

	0.40 (0.18)*
	0.04 – 0.76


	Total indirect 
	HFI to externalising via parent mental health
	0.29 (0.09)*
	0.12 – 0.46
	0.29 (0.09)*
	0.12 – 0.46

	Total (direct and indirect) 
	HFI to prosocial + HFI to prosocial via parent mental health
	-0.28 (0.20)

	-0.68 – 0.13

	-0.28 (0.21)

	-0.69 – 0.13


	Total indirect 
	HFI to prosocial via parent mental health
	-0.10 (0.05)*
	-0.19 – -0.01
	-0.10 (0.05)*
	-0.19 – -0.01
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	Direct associations 
	Primary analysis
	Sensitivity analysis 2

	
	β (SE) unstandardised 
	95% CI
unstandardised
	β (SE) unstandardised 
	95% CI
unstandardised

	HFI to parent mental health
	0.63 (0.18) *
	0.28–0.98
	0.22 (0.05)*
	0.11 – 0.33

	HFI to Internalising
	0.05 (0.09)
	-0.12 – 0.21
	0.01 (0.03)
	-0.04 – 0.07

	HFI to externalising
	0.12 (0.17)
	-0.23– 0.55
	0.03 (0.07)
	-0.09 – 0.16

	HFI to prosocial
	-0.18 (0.20)
	-0.57 – 0.22
	-0.08 (0.06)
	-0.20 – 0.04

	Parent mental health to internalising behaviour
	0.19 (0.05)*
	0.10 – 0.28
	0.20 (0.05)
	0.10 – 0.29

	Parent mental health to externalising behaviour
	0.46 (0.06)*
	0.35 – 0.57
	0.46 (0.06)
	0.35 – 0.57

	Parent mental health to prosocial behaviour
	-0.16 (0.06)*
	-0.28 – -0.03
	-0.15 (0.06)
	-0.28 – -0.30

	
	
	
	
	




	
	
	Primary analysis
	Sensitivity analysis 1

	Association 
	Pathways
	β (SE) unstandardised 
	95% CI
unstandardised
	β (SE) unstandardised 
	95% CI
unstandardised

	Total (direct and indirect)
	HFI to Internalising and HFI to internalising via parent mental health
	0.16 (0.09)
	-0.01– 0.34

	0.06 (0.03)*
	0.00 – 0.11

	Total indirect 
	HFI to Internalising via parent mental health
	0.12 (0.05)*
	0.03 – 0.21
	0.04 (0.02)*
	0.01 – 0.07

	Total (direct and indirect)
	HFI to externalising + HFI to externalising via parent mental health
	0.40 (0.18)*
	0.04 – 0.76

	0.14 (0.06)*
	-0.02 – 0.25

	Total indirect 
	HFI to externalising via parent mental health
	0.29 (0.09)*
	0.12 – 0.46
	0.10 (0.03)*
	0.05 – 0.16

	Total (direct and indirect) 
	HFI to prosocial + HFI to prosocial via parent mental health
	-0.28 (0.20)

	-0.68 – 0.13

	-0.11 (0.06)
	-0.23 – 0.00

	Total indirect 
	HFI to prosocial via parent mental health
	-0.10 (0.05)*
	-0.19 – -0.01
	-0.03 (0.02)*
	-0.06 – -0.00
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