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Abstract 
Economic evaluation is used to determine the most efficient use of resources by comparing 

the costs and outcomes of different interventions. Outcomes can be measured by health-

related quality of life (HRQoL) and may include both patients and unpaid carers’ HRQoL. 

Prior research found that incorporating carer’s HRQoL in economic evaluations is 

uncommon, inconsistent, and relies on limited data and strong assumptions.  

A key consideration is whether caregiving causally affects carer’s HRQoL. My literature 

review indicates a lack of robust evidence. Generally, longitudinal studies suggest a 

detrimental effect on health/wellbeing, but the benefits derived from caregiving may mitigate 

its negative effects.  

I analysed longitudinal data for patient-carer dyads and found carers’ HRQoL decreased as 

the patients’ HRQoL decreased and as the duration of care increased. My analysis of a 

cross-sectional EQ-5D dataset found people providing more hours of care per week have 

worse HRQoL, even after adjusting for confounders. Both analyses suggest a causal effect 

of caring on HRQoL and provide inputs for use in economic evaluations in any adult health 

condition.   

Current methods for modelling carers’ HRQoL assume the effect of caring on HRQoL is 

unidirectional: a negative effect implies any extension to patient survival leads to a carers’ 

quality-adjusted life year (QALY) loss, a positive effect implies any extension to patient 

survival leads to a carers’ QALY gain. These approaches force a choice between carers 

maximising their own HRQoL or the patients’ HRQoL. My new modelling method allows a 

trade-off between the positive carer’s HRQoL effect of improving patients’ HRQoL and the 

negative carers’ HRQoL effect of increasing caregiving burden.  

I demonstrated that it is possible to identify a causal effect of caring and created a method to 

include this in economic evaluation. Future research can build on this to address data gaps 

and explore the transferability of evidence. 
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1 Introduction 
Economic evaluation compares the costs and outcomes of an intervention to the costs and 

outcomes of one or more comparator(s) (alternative course(s) of action). In the case of 

healthcare interventions, the costs are usually those incurred by the health service, and 

outcomes are typically health outcomes for the patients receiving the intervention. Economic 

evaluation may be used to inform health technology assessment (HTA), in determining 

whether the healthcare intervention should be available for widespread use. In England, the 

National Institute for Health and Care Excellence (NICE) undertakes HTA, with economic 

evaluation as a key part of the process. 

NICE specifies the methods to be used for HTA in its Guide to the Methods of Health 

Technology Evaluation (National Institute for Health and Care Excellence, 2022). This states 

that economic evaluation should take the form of cost-utility analysis, with outcomes 

expressed as health state utilities. Utilities value health-related quality of life (HRQoL) and 

are anchored between 0 and 1, where 0 is equivalent to death and 1 is full health (negative 

scores are possible, for health states considered worse than death). Health state utilities can 

be multiplied by the time spent in that health state to generate quality-adjusted life years 

(QALYs). The difference in costs between the intervention and comparator can be divided by 

the difference in QALYs to calculate the incremental cost-effectiveness ratio (ICER). 

Decision makers, such as NICE in England, can compare the ICER to a prespecified 

threshold to determine whether the intervention represents an efficient use of resources. 

Healthcare interventions for patients can also affect health outcomes for the family members 

and friends who provide unpaid care to the patient (Al-Janabi et al, 2016a). There is 

therefore an argument for also including carers’ health outcomes in economic evaluation of 

healthcare interventions for patients, since to exclude these would undermine the value of 

the contributions made by unpaid carers. As economist Nancy Folbre discussed in “The 

Invisible Heart” (2001), economic evaluation has traditionally assumed that altruism is a 

given, rather than attempting to value and include it: 

“Economic theory offers us some indispensable tools for organizing our joint 

endeavours. That’s why it’s so important to get economics right – to ensure that it 

includes careful consideration of love, obligation and reciprocity, as well as self-

interest. We must stop assuming that norms and preferences of caring for others 

come from “outside” our economic system and can therefore be taken as a given.” 

p120 (Folbre, 2001)  
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While the inclusion of carers’ QALYs in economic evaluation is still relatively rare, it can have 

important implications for ICERs and associated reimbursement decisions. The extent to 

which carers’ QALYs are affected by modelled patient interventions depends upon the 

intervention itself, the size of the carer utilities, and the method used to include carers’ 

QALYs. In a review of NICE appraisals that included carers’ HRQoL (undertaken prior to this 

PhD), I found that including carers’ QALYs could change ICERs by up to 33% (Pennington, 

2020). Given the potential for carers’ QALYs to influence reimbursement decisions, it is vital 

to understand how to do so in a consistent and robust manner.  

This work aimed to understand how carers’ HRQoL changes over time, and to advance 

methods to include carers’ HRQoL in economic evaluation. The objectives were: 

1. To understand how economic evaluation currently includes carers’ HRQoL 

2. To review the current evidence to inform the effect of caring on HRQoL 

3. To analyse the effect of caring on HRQoL, with particular focus on longitudinal data 

4. To develop new methods for including the effect of caring on HRQoL in economic 

evaluation 

This work has culminated in this thesis, the development of five first-author publications (all 

published and open access), and collaboration on two further publications.  

An overview of the structure of the thesis, and the role of publications and appendices in 

each chapter is provided in Figure 1. 
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Figure 1: Thesis structure
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1.1 Publications included in the thesis 

The following publications are included in the thesis and referred to using the text in bold. 

The full citations (including doi to access full text papers free of charge) are provided here. 

These are the publications shown in white boxes in Figure 1. 
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https://link.springer.com/article/10.1007/s40273-024-01452-1
https://doi.org/10.1007/s40273-025-01540-w


47 
 

Mott et al (2023) 

Modelling Spillover Effects on Informal Carers: The Carer QALY Trap. Mott D, Schirrmacher 

H,  Al-Janabi H, Guest S, Pennington B, Scheuer N, Shah K, Skedgel C. 

Pharmacoeconomics. 2023 Dec;41(12):1557-1561. doi: 10.1007/s40273-023-01316-0. 

 

Henry et al (2024) 

Recommendations for Emerging Good Practice and Future Research in Relation to Family 

and Caregiver Health Spillovers in Health Economic Evaluations: A Report of the SHEER 

Task Force. Henry E, Al-Janabi H, Brouwer W, Cullinan E, Engel L, Griffin S, Hulme C, 

Kingkaew P, Lloyd A, Payakachat N, Pennington B, Peña-Longobardo L, Prosser L, Shah 

K, Ungar W, Wilkinson T, Wittenberg E. Pharmacoeconomics. 2024 Mar;42(3):343-362. doi: 

10.1007/s40273-023-01321-3.  

    

1.2 Chapters of the thesis 

The thesis contains six chapters (plus appendices). This section provides an overview of the 

contents of each chapter, and the publications that it draws on. These are the chapters 

shown in black boxes in Figure 1. 

Chapter two provides context and sets the scene for how economic evaluation currently 

includes carers’ HRQoL (Objective 1). It provides an example of an economic model that 

only includes patients’ HRQoL and demonstrates how current methods adapt this to also 

include carers’ HRQoL. It describes the data and data sources that are typically used to 

populate economic models that include carers’ HRQoL. This chapter discusses the 

limitations of both the data and the methods and highlights the relevance and importance of 

the following chapters. This draws on my findings from Pennington et al (2022) and 

Pennington & Al-Janabi (2024) as well as work undertaken prior to this PhD (Pennington, 

2020).  

Chapter three describes a review of studies that explore how carer health 

outcomes/wellbeing change over time (Objective 2). This was inspired by the evidence gap 

for longitudinal evidence for carers’ HRQoL identified in Chapter two and was designed to 

inform the analysis undertaken in Chapter four. I found that there was relatively little 

published research on longitudinal studies of carers’ HRQoL, so I broadened the scope to 

also consider methods that were used to analyse longitudinal evidence on carers’ health or 

wellbeing, and variables that were included in cross-sectional analysis of carers’ HRQoL.  

https://link.springer.com/article/10.1007/s40273-023-01316-0
https://link.springer.com/article/10.1007/s40273-023-01321-3
https://link.springer.com/article/10.1007/s40273-023-01321-3
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Chapter four describes the estimation of carer utilities and the causal effect of caring on 

HRQoL (Objective 3). This comprises two analyses. The first analysis uses a longitudinal 

dataset for within-household dyads where one person reports providing care for the other 

and so changes in carers’ HRQoL can be considered as a function of changes in patients’ 

HRQoL and the intensity of caring (Pennington et al, 2025b). The other analysis uses a 

cross-sectional survey of people’s HRQoL and uses causal inference methods to estimate 

the causal effect of providing different weekly volumes of unpaid care (unpublished at 

present, included in an Appendix in Chapter 9).  

Chapter five discusses methods for including carers’ HRQoL in economic evaluation 

(Objective 4). This builds on chapter two by visiting the theories underlying care research 

and discussing how these relate to current methods. The relationship between bereavement 

and caring is discussed, because of the importance of the implications of current methods on 

how patient death affects carers’ HRQoL. The theory, combined with the concepts 

underpinning the analyses in chapter 4, are used in developing a new approach for 

modelling the effect of caring on HRQoL in economic evaluation. The implications of the new 

approach are discussed, including consideration of displaced carers’ HRQoL. The new 

approach for modelling caregiver’s HRQoL (Pennington et al, 2026) is central to this chapter, 

which also draws on the evidence from my analysis of the effect of bereavement 

(Pennington et al, 2025a), and challenges described in co-authored papers (Henry et al, 

2024; Mott et al, 2023).  

Finally, chapter six discusses the research project in its entirety, and provides a conclusion. 

Figure 2 provides a visual summary of the chapters of the thesis, their relationship to each 

other, and their connection via the concept (illustrated by a thought cloud) that the 

relationship between caring and HRQoL is complex and can have negative and positive 

impacts. This emerged as an important theme from the background (Chapter 2) and 

literature review (Chapter 3) and underpins the analysis in Chapter 4 and the modelling 

methods in Chapter 5.  
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Figure 2: Visual summary of thesis  
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2 Background 

2.1 Introduction 

This chapter provides the motivation for the thesis, describing the current state of play for 

including carers’ HRQoL in economic evaluation and the associated challenges. It introduces 

the concept that while carers may have worse HRQoL than non-carers, this does not prove a 

causal effect of caring on HRQoL, due to potential selection bias (the factors which 

determine whether somebody becomes a carer also influence their HRQoL). To understand 

whether and how caring may affect HRQoL, it draws on theoretical concepts and published 

analyses.  

2.2 Economic evaluation 

Economic models are often required to predict long-term costs and QALYs. These models 

simulate disease progression for a hypothetical cohort of patients with and without the 

intervention. They assign costs (including for the interventions and disease management) 

and utilities to the disease health states. A simplified example is illustrated in Figure 3, this 

depicts a disease that can be classified into early and advanced stages, and death. As well 

as the costs of the intervention or comparator (£10,000 for intervention and £2,000 for 

comparator), each health state has an associated cost for disease management: £1,000 for 

the early stage and a higher cost of £5,000 for the advanced stage, and no cost for death. 

Each state also has an associated patient utility (treatment-independent): 0.6 for early stage 

(worse than the general population who do not have the disease) and 0.4 for advanced 

stage (worse than in the early stage) and 0 for death. Clinical effectiveness data can be 

analysed and extrapolated to predict the time spent in each health state for patients 

receiving the intervention and comparator. The health state occupancy time can be 

multiplied by the associated costs and utility for each health state, to give the overall costs 

and QALYs for intervention and comparator.  



47 
 

 

Figure 3: Illustrative economic model with only patient outcomes 

2.3 Patients’ and carers’ outcomes 

In its reference case for health technology evaluations, NICE considers that the perspective 

on outcomes should be “all health effects, whether for patients or, when relevant, carers” and 

its perspective on costs should be “National Health Service and Personal Social Services” 

(National Institute for Health and Care Excellence, 2022). This means that where care is 

provided by formal (paid) carers, the costs of this care can be included. By contrast, unpaid 

care is included through its effects on health, rather than through costs. NICE states a 

preference for cost-utility analysis, with health effects measured in QALYs. Within a cost-

utility analysis framework, including QALYs for carers as well as patients is necessary and 

consistent with the aims of maximising the QALY gain for the population. 

While health economic evaluation has historically focussed on health outcomes for the 

patient only, there is an increasing interest in also including health outcomes for unpaid 

carers. When I reviewed the inclusion of carers’ QALYs in NICE Technology Appraisals (TAs) 

and Highly Specialised Technologies (HSTs) in 2019 (prior to beginning this PhD), I found 

that 3% of TAs and 50% of HSTs included carers’ QALYs (Pennington, 2020). In a 2024 

update of my review, Kanters et al found that these proportions had increased to 6% of TAs 

and 78% of HSTs (Kanters et al, 2024).  

NICE is not the only HTA body that permits or recommends the inclusion of carers’ QALYs. I 

analysed guidance from 13 countries and found that while two (Australia and New Zealand) 

explicitly preferred to exclude carers’ QALYs, inclusion of carers’ QALYs was permitted in the 

reference case for four countries (England, France, Ireland and the Netherlands), depended 

on specific circumstances in three countries (Canada, German and the US), and was 

unclear for the remaining four (Wales, Scotland, Sweden and Italy) (Pennington et al, 2022). 

To better understand how carers’ QALYs had been included in economic evaluation for the 
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different HTA bodies that permit this, I chose five recent case studies for technologies in 

different disease areas, where I knew that NICE had included carers’ QALYs. Choosing case 

studies where NICE had included carers’ QALYs meant that I knew at least some HTA 

bodies would include carers’ QALYs, so was a pragmatic decision. I explored what the other 

HTA bodies had done in their appraisal of these technologies. I found that the different HTA 

bodies tended to use the same sources of carers’ HRQoL data often without considering 

transferability between populations (different disease areas) or countries. Furthermore, the 

data were all cross-sectional in design, which I had previously noted was a concern when 

attempting to understand the causal effect of caring on HRQoL, since people who become 

carers may differ from people who do not become carers and those differences may also 

influence HRQoL (see discussion of selection bias in Section 2.5) (Pennington, 2020). Each 

of the examples estimated carers’ QALYs using either the “absolute utility” approach 

(including carers’ QALYs as long as the patient is alive) or the “disutility” approach (including 

carer QALY losses as long as the patient is alive), which I previously noted lead to very 

different impacts on cost-effectiveness results and have different interpretations of how we 

consider unpaid carers (Pennington, 2020). 

An example of including carer utilities or disutilities in the illustrative model shown in Figure 3 

is depicted in Figure 4. The costs are unaffected (since we are considering only health 

effects to carers) and so for simplicity are not presented. Carer utilities are shown in the grey 

boxes, and carer disutilities (relative to 1 to represent full health) in the black boxes. Using 

the utility approach, carer utilities are higher in the early stage (0.8) than in the advanced 

stage (0.7) and so delaying disease progression increases the QALY gain for carers. Using 

the disutility approach, carer disutilities are smaller in the early stage (-0.2) than in the 

advanced stage (-0.3), and so delaying disease progression decreases the QALY loss for 

carers. The incremental effect of delaying disease progression is identical between the two 

approaches. The effect of extending patient survival is more complex: the utility approach 

has typically assumed that the carer utility in the patient death state is 0 (carers do not gain 

QALYs after patients die) and the disutility approach has assumed that the carer disutility 

approach in the patient death state is 0 (carers do not lose QALYs after patients die), and so 

the two approaches lead to different results and have different interpretations. For life-

extending treatments, the utility approach assumes that these always lead to a QALY gain 

for carers, whereas the disutility approach assumes they always lead to a QALY loss for 

carers. The two approaches are discussed further in this chapter (Section 2.7) and in 

Chapter 5.  
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Figure 4: Illustrative economic model with patient and carer outcomes 

Following my review of international guidance and examination of case studies, I made six 

recommendations regarding the inclusion of carers’ HRQoL in economic evaluation for HTA 

(Pennington et al, 2022). I felt that some of the issues around methods used to model carers’ 

HRQoL in economic evaluation warranted further exploration, and so I discussed these in 

my 2024 publication “Modelling Informal Carer’s Health-Related Quality of Life: Challenges 

in Economic Evaluation” (Pennington & Al-Janabi, 2024). To some extent, some of the key 

points from my 2022 (Pennington et al, 2022) and 2024 (Pennington & Al-Janabi, 2024) 

papers overlap, and some overlap with recommendations in Recommendations for 

Emerging Good Practice and Future Research report published by the Spillovers in Health 

Economic Evaluation and Research (SHEER) Taskforce (Henry et al, 2024). I therefore 

summarise the key issues by topic area in the following sections of this chapter.  

2.4 Measuring and valuing HRQoL 

HRQoL can be measured using generic or condition-specific measures. Generic measures 

include the EQ-5D, the Short-Form 6 Dimension (SF-6D) and Health Utilities Index (HUI). 

NICE states a preference for EQ-5D to measure the HRQoL of adults (National Institute for 

Health and Care Excellence, 2022). The EQ-5D is a short questionnaire instrument designed 

to measure health-related quality of life, by asking respondents about how their health 

impacts five domains: mobility, self-care, usual activities, pain/discomfort, and 

anxiety/depression. There are two versions: EQ-5D-3L and EQ-5D-5L. Both measures 

contain the same domains. In 3L, there are three levels to describe problems within each 
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domain (no problems, some problems, extreme problems) and in 5L there are five levels (no 

problems, slight problems, moderate problems, severe problems, extreme problems). NICE 

currently recommends the 3L value set should be used and not the existing 5L value set 

published by Devlin et al 2018 (National Institute for Health and Care Excellence, 2019b). 

There are specific measures for carers’ HRQoL, such as the CarerQol-7D, the Carer 

Experience Scale (CES) and the Adult Social Care Outcomes Toolkit (ASCOT)-Carer 

(McLoughlin et al, 2020), but these are not recommended by NICE. The EQ Health and 

Wellbeing (EQ-HWB) instrument is designed for the assessment of patients and carers and 

social care users, but its valuation is still in development (EuroQol, 2025). 

2.5 Data to inform carers’ HRQoL 

Data on carer’s HRQoL has typically been sourced from a small number of cross-sectional 

studies that report utilities for carers providing different levels of care. Evidence has 

demonstrated that carers have worse HRQoL than non-carers, and so it has been assumed 

that caring detrimentally affects HRQoL. Disutilities for caring have been calculated by 

comparing these utilities to either full health (utility value of 1) or age- and sex-adjusted 

expected population utilities. For example, at least 11 NICE appraisals (Pennington, 2020) 

and numerous international HTAs (National Institute for Health and Care Excellence, 2018a; 

2019a; Tandvårds- och läkemedelsförmånsverket, 2020) used data from a cross-sectional 

study of HUI scores of 679 carers of patients with Alzheimer’s Disease, with scores ranging 

from 0.86 to 0.94 (Neumann et al, 2000). The appraisals incorporated disutilities for different 

patient health states up to 0.14 – presumably calculated as the difference between the 

lowest carer utility and full health. This assumes that a carer would have HRQoL equivalent 

to full health if they were not caring for a patient, ignoring firstly any other impacts on HRQoL 

that may be expected (for example common comorbidities related to age), and secondly 

ignoring any differences between people who become carers and those who don’t. In 2006, 

when this study was first identified, the evidence review group who identified this study noted 

a number of limitations with it, including its cross-sectional design (Loveman, 2006). Almost 

twenty years later, this study is still being treated as evidence that improving a patient’s 

health will improve carer’s HRQoL. 

Using such data in economic models to predict carers’ HRQoL from patient health status 

assumes that as the health of the person they care for decreases, the carer’s HRQoL 

necessarily worsens. However, this ignores selection bias and assumes that all differences 

in different carers’ (including non-carers’) HRQoL are causal effects of caring. It also 

assumes that patient health status is the only mechanism which affects carers’ HRQoL, 

when evidence has demonstrated that there are at least six mechanisms by which 

interventions may affect carers’ HRQoL (Al-Janabi et al, 2019). To understand carers’ 
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HRQoL trajectories would involve collecting longitudinal data and analysing it in the context 

of changes to the health of, and care (both unpaid and formal health and care 

services/interventions) provided to, the care-recipient.  

Using data from different interventions and disease areas further compounds this problem 

and oversimplifies the relationship between caring and HRQoL. Furthermore, using evidence 

from different countries ignores the differences in the cultural and social environment and in 

formal care provision.  

2.6 How does caring affect HRQoL? 

Where economic evaluation has included carers’ HRQoL outcomes, it has typically been 

assumed that caring detrimentally affects HRQoL: carers have worse HRQoL than non-

carers HRQoL and HRQoL worsens as the volume of care provided increases. This belief 

has its roots in the “life course and stress process framework”, and the concept that 

transitions, such as the transition into caring determine life course trajectories. Pearlin 

describes that transition into the caregiving role, and the associated related hardships, can 

become so engulfing that it reshapes the life course, adversely affecting the caregiver’s 

health and wellbeing. He argues that this transition is particularly impactful since it is often 

unexpected and so the caregiver has not prepared for it (Pearlin, 2010). 

There is evidence that caring has a positive impact on carers, and Roth and colleagues 

suggest that studies of population-based samples with robust methods to address 

confounding actually report improved health outcomes for carers (Roth et al, 2015). The 

“healthy caregiver hypothesis” proposes that positive outcomes are explained by healthier 

individuals becoming caregivers, but evidence to support this is again affected by 

confounding and Brown and Brown refute this (Brown & Brown, 2014). Schulz acknowledges 

that while carers are potentially at risk for these adverse impacts, they may also find benefit 

in caregiving and in helping care recipients, and notes variation within individual carers. 

However, Schulz summarises the overall body of evidence for negative effects of caregiving 

is much bigger than that of positive effects (Schulz et al, 2020). 

Brown and Brown conclude that neither the caregiving stress process nor the healthy 

caregiver hypothesis adequately explain why caring can be associated with both positive 

and negative effects and argue that new theories are needed to explain this (Brown & 

Brown, 2014).  

I have therefore looked at concepts that try to disentangle caregiving into positive and 

negative impacts, to underpin analysis of data and modelling approaches. 
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2.6.1 “Caring for” (the family effect) and “caring about” (the caregiving effect) 

To better understand the mechanisms through which caring may affect HRQoL, it is helpful 

to consider the four phases of care (Fisher, 1990). These are: 

1. Caring about: perceiving the needs in others. 

2. Caring for: assuming responsibility to meet the needs perceived, and making care 

happen. Note that this may include organising and paying for care provided by 

others. 

3. Caregiving: actually meeting the needs of the other person by performing caregiving 

tasks. 

4. Care receiving: the response of the person receiving the caregiving. The response 

will depend on whether needs have been met and requires the attention of the 

person providing care.  

Each of these four phases could be expected to affect the HRQoL of the carer, and, arguably, 

the HRQoL of the care-recipient. The care-recipient is not the focus here as their HRQoL is 

assumed to be captured within the economic model already, but we will revisit in Chapter 5 

the implications of omitting this.  

In the context of HRQoL, the phases and mechanisms by which caregiving affects the 

carers’ HRQoL have been simplified into two effects: the family effect (or “caring about”) and 

the caregiving effect (or “caring about”), as studied in two key publications by Bobinac and 

colleagues (Bobinac et al, 2010; 2011). These are discussed below.   

2.6.1.1 Bobinac et al (2010) 

Bobinac et al (2010) argued that the well-being effects on the significant others of patients 

(termed “spillover effects”) may originate from two different sources: the caregiving effect 

and the family effect. The caregiving effect refers to the impact on a person’s wellbeing of 

providing informal (unpaid) care to a patient, whereas the family effect refers to the fact that 

we care about other people and their health, even when we are not directly looking after 

them. These two terms and their definitions are important concepts and appear frequently in 

the literature, and this study has been cited over 280 times (Google Scholar, January 2025). 

The authors analysed the well-being of a cross-sectional sample of Dutch informal 

caregivers, using data from 1468 caregivers and 834 care recipients. This was reduced to 

595 observations (1190 questionnaires) after deleting observations missing a variable and 

including only the most common form of informal caregiving (caregiving provided by 

household/family members). Caregiver well-being was assessed using a self-reported 

happiness scale ranging from 0 (completely unhappy) to 100 (completely happy).  
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The authors’ findings confirmed their hypothesis that the family effect would be positive 

(when patient health improves, carer wellbeing improves) but that the caregiving effect would 

be negative (when caregiver burden increases, carer wellbeing worsens). There were 

statistically significant associations between caregiver wellbeing and their health, age, 

income, education level, and whether the patient had mental illness.   

2.6.1.2 Bobinac et al (2011) 

Bobinac et al (2011) reported a similar analysis to Bobinac et al (2010), but instead of using 

a self-reported happiness scale to measure caregiver wellbeing, they used the EuroQol-VAS 

to measure the health of the caregiver. They also used the EuroQol-VAS instead of the EQ-

5D to measure patient health. They used the same data source with 1468 caregivers and 

834 care recipients, reduced to 751 pairs due to missing variables. Unlike Bobinac (2010), 

they did not limit the sample to the most common form of caregiving and instead included a 

variable to reflect whether the caregiver and care recipient were blood relatives. 

In the first model, the authors found a statistically significant positive relationship between 

patient and caregiver health (family effect) even when controlling for other determinants of 

health, and a statistically significant negative caregiving effect.   

There was a statistically significant relationship between caregiver health and caregiver age, 

and between caregiver health and household income, but not between caregiver health and 

other variables.  

2.6.1.3 Interpretation 

The two studies by Bobinac and colleagues (2010 and 2011) demonstrate that carers’ 

wellbeing and health are influenced by both the HRQoL/health of the patient they care for, 

and the caregiving tasks performed. In both studies, the authors highlight that there are clear 

implications for the practice of economic evaluations, but that the analysis is limited by the 

use of cross-sectional data. They note they cannot claim a causal relationship between 

variables because causality needs to be confirmed in longitudinal studies.  

If data on carers’ HRQoL is to be used in economic models that primarily evaluate changes 

in patients’ health, there is a particular need to understand how carers’ HRQoL changes as 

the health (or HRQoL) of the person they care for changes. 

2.6.2 Mechanisms behind carers’ wellbeing effects 

Al-Janabi and colleagues conducted a qualitative study with carers and proposed that there 

are six main mechanisms through which the health and social care systems can affect 

carers’ wellbeing (Al-Janabi et al, 2019). These are: 
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1. Provision of information, about patient health conditions, systems, and how to 

effectively care for the patient. 

2. Management of care, and how this is shared between formal provision of care and 

informal/unpaid family and friends. 

3. Patient health outcomes, including symptoms, independence, and side effects of 

treatment. 

4. Alienation or inclusion, and how service delivery supports carers.  

5. Patient compliance or engagement with care services, and the consequences this 

has on carers.   

6. Timing and location of services for patients and contact with healthcare 

professionals.  

This suggests that the effects of caring on HRQoL may be broader than the family and 

caregiving effect, but there is substantial overlap, and some mechanisms may be difficult to 

measure and to capture within the domains of HRQoL. 

The caregiving effect closely aligns with the management of care mechanism: where 

informal carers need to provide more care, this is likely to affect their HRQoL. The caregiving 

effect may also capture some of the “patient health outcomes” mechanism, particularly 

where patient outcomes improve because they are more independent and therefore require 

less care. However, the family effect also captures some of the spillover from patient health 

outcomes, particularly when we consider the emotional and mental health effects of caring 

about a loved one. It is understandable that the caregiving effect is overestimated when the 

family effect is not specifically accounted for (Bobinac et al, 2011).  

2.7 Methods for modelling carers’ HRQoL  

There is relatively little guidance as to how carers’ HRQoL should be modelled, either in my 

own publications or the broader literature. I highlighted that modelling carers’ HRQoL as a 

function of patient HRQoL alone may not be sufficient to model carers’ HRQoL trajectories 

but did not propose a solution (Pennington & Al-Janabi, 2024). Similarly, I recommended 

explicitly stating and explaining the assumptions implicit in the method used to model carers’ 

HRQoL (Pennington et al, 2022) but did not express a preference for any particular method.  

The two most common approaches used historically in economic evaluation for HTA are the 

“(absolute) utility” approach where carer’s QALYs are included until the patient dies, and the 

“disutility” approach where carers’ QALY losses are included until the patient dies (see 

Figure 4 and Section 2.3). In each case, carer utilities or disutilities vary with patient health 

states, and the carer utility or disutility is multiplied by the patient life years within each health 

state. The “(absolute) utility” approach leads to a QALY gain for carers in all scenarios in 
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which patient survival is improved (assuming carer utilities are non-negative), and has been 

critiqued as suggesting that society values the lives of carers while the person they care for 

is alive, but places no value on the lives of bereaved caregivers(National Institute for Health 

and Care Excellence, 2021). By contrast, the “disutility” approach assumes that carers 

experience a QALY gain in all scenarios in which their caregiving burden is relieved, 

including when patients die prematurely, which has been labelled “perverse” by patient 

experts (National Institute for Health and Care Excellence, 2021). The result of the “disutility” 

approach that extending patient survival can lead to a QALY loss for carers has been termed 

the “the carer QALY trap” (Mott et al, 2023), due to its parallels with the “classic” QALY trap 

(Ubel et al, 2000): under the “classic” QALY trap interventions which extend the survival of 

people with poorer HRQoL are less valuable than those that extend the survival of people 

with higher utilities. Under the carer QALY trap, interventions which extend the lives of 

people who require carers are less valuable than those which extend the lives of people who 

do not need carers.  

More recently, the “incremental utility” or “increments” approach has been suggested as an 

alternative approach to modelling the effect of patient interventions on carers’ QALYs 

(Grimm et al, 2022). This approach was preferred by the NICE committee in the appraisal of 

lecanemab for treating mild cognitive impairment or mild dementia caused by Alzheimer’s 

disease (National Institute for Health and Care Excellence., 2025). This approach involves 

calculating utility increments for each health state relative to some baseline, typically the 

worst alive health state. In the example in Figure 4, if the baseline health state was 

“advanced stage” then there would be no utility increment in that health state, and the utility 

increment in the “early stage” state would be 0.1 (0.8 – 0.7). This means that extending 

survival in the “early stage” state would lead to a QALY gain for carers, but this is much 

smaller than it would be using the “absolute utility” approach. Extending survival in the 

“advanced stage” state would have no impact (positive or negative) on carers’ QALYs since 

the utility increment for this state is 0 (0.7 – 0.7).  

Another alternative, proposed in the literature but not commonly used in HTA, is the use of a 

“multiplier” (Al-Janabi et al, 2016b). Here, the gain in patient QALYs is multiplied by a ratio of 

carer QALY gains to patient QALY gains. In the example in the paper describing this 

approach, the ratio is 0.16, calculated from the coefficient in a regression model to estimate 

family members’ EQ-5D as a function of patient EQ-5D (Al-Janabi et al, 2016c). This 

approach assumes a uniform relationship between patient QALY gain and carer QALY gain 

(the carer QALY gain is not influenced by how the patient QALY gain was derived, whether it 

is from mortality or morbidity improvements). The authors note that if the multiplier is 

constant across interventions, it will make no practical difference to decision-making, since 
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the QALY gain for all interventions would increase by the same amount, and the displaced 

QALY gain and hence threshold would also decrease by the same amount. The Dental and 

Pharmaceutical Benefits Agency in Sweden recently proposed a similar method, in which 

carers are assumed to gain a proportion of the patient’s QALY gain during the period the 

patient would have lived with standard care. They term this proportion the “standard rate” 

and note that the magnitude of this is not currently informed by data and needs to be 

determined (The Dental and Pharmaceutical Benefits Agency (TLV). 2022).  

Even once carers’ QALYs have been calculated, aggregation of patient and carers’ QALYs is 

not straightforward: it is unclear whether they are equally valued (Al-Janabi et al, 2022) and 

interchangeable. Guidelines recommend that they are reported in disaggregated and 

aggregated format.  

2.8 Conclusion 

The inclusion of carers’ HRQoL in economic evaluation is increasingly common but still 

poses challenges for analysts and decision-makers. These challenges are well described in 

the literature, but clear guidance does not yet exist to address them. This thesis aims to 

address the challenges related to data to inform carers’ HRQoL in economic evaluation, and 

methods to model carers’ QALYs.  
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3 Evidence to inform the effect of caring on health-related 

quality of life  

3.1 Introduction 

Chapter 2 described that economic evaluation may include HRQoL, measured by utilities, for 

carers as well as patients, and described some of the data that has typically been used to 

inform carers’ utilities. As discussed there and in my 2022 and 2024 papers (Pennington et 

al, 2022; Pennington et al, 2024), much of the evidence that has been used to estimate 

carers’ QALYs in economic models stems from cross-sectional data. This measures carers’ 

HRQoL at one point in time and can be used to compare carers’ HRQoL to that of non-

carers, or between carers providing different levels of caregiving. However, this does not 

account for selection bias: people who become carers may be fundamentally different to 

people who do not become carers and their differences in HRQoL may not be entirely due to 

caregiving. For example, older people may be more likely to become carers than younger 

people and older people may have worse HRQoL than younger people, so the difference 

between carers’ and non-carers’ HRQoL may be due to ageing as well as caring. Similarly, 

having lower levels of psychological wellbeing and higher levels of stress or being 

unemployed may be associated with both lower HRQoL and being more likely to become a 

carer, so these factors may partly explain some of the differences between HRQoL of carers 

and non-carers (Brown & Brown, 2014). Ignoring selection bias assumes that all the 

differences between carers’ and non-carers’ HRQoL is entirely due to caregiving. Using 

these values in economic models would imply that when someone becomes a carer (or 

stops being a carer), all these other factors also change. This may overestimate carers’ 

HRQoL effects and bias the results. Furthermore, there may be selection into the amount of 

caregiving: carers who provide more care may differ from those who provide less care.  

I highlighted that there is a need to analyse longitudinal data to mitigate the effect of 

selection bias in analysing the effect of caregiving on HRQoL. Longitudinal data can help us 

understand how people’s HRQoL changes as they become a carer, their caregiving 

changes, or they stop providing care (Pennington et al, 2022; Pennington et al, 2024). This 

was echoed as a research recommendation by the Spillovers in Health Economic Evaluation 

and Research (SHEER)Taskforce (Henry et al, 2024). Scholars researching the theories 

behind the effects of caregiving have similarly noted the limitations of the current data and 

the paucity of longitudinal evidence and well matched carer and non-carer samples (Brown 

& Brown, 2014; Roth et al, 2015). This section reviews the literature to understand the 

existing evidence base for longitudinal data on changes in carers’ HRQoL over time. This 

can then inform new analyses and modelling methods in later chapters.  
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3.2 Aim 

My literature review aimed to answer the research question “How does carers’ HRQoL 

change as the health (or HRQoL) of the person they care for changes?” The purpose of the 

review was to provide context for my research, identify prominent studies, and inform and 

inspire the analysis that I would undertake. The review was a narrative review and did not 

aim to comprehensively identify all relevant studies, and so a full systematic literature review 

was neither necessary nor appropriate. However, I followed a systematic approach, aiming 

to identify relevant papers that would inform the state of research in this area to date. 

I wanted to identify longitudinal studies that reported patients’ and carers’ HRQoL at multiple 

time points and analysed the relationship between changes in patients’ and carers’ HRQoL. 

However, I recognised that there would be few studies of this nature, and so I broadened the 

scope of the review to inform the methods I could use by looking for longitudinal studies that 

analysed how carers’ health or wellbeing (rather than only HRQoL) changed as patient 

health or caring responsibilities changed.  

I also drew on three sequentially updated published systematic reviews of carers’ HRQoL. 

These provided an overview of the evidence base for (primarily cross-sectional) studies 

reporting carers’ HRQoL and were useful in understanding the limitations of currently 

published studies and evidence gaps.  

This chapter discusses the evidence to inform: 

• Predictors of carers’ HRQoL: Section 3.4.2 

• Predictors of changes in carers’ HRQoL: Section 3.4.3 

• Predictors of changes in carers’ health or wellbeing: Section 3.4.4 

3.3 Method 

It is well understood that MeSH terms and free text searching are problematic in the area of 

HRQoL (utilities). This is in part due to the definition of HRQoL, that cost utility analyses use 

this term to refer specifically to utility measures that anchor HRQoL between 0 and 1 to 

represent death and full-health, whereas the wider literature may use this term to describe 

much broader measures and concepts. There are no dedicated thesauri terms for commonly 

used HRQoL measures, and the broader terms of “quality of life” are generic and while they 

maximise sensitivity, are not very precise (Papaioannou et al, 2013).  

Reviews of cost utility analyses and other literature reviews within healthcare tend to focus 

on searching only biomedical literature, using databases such as MEDLine via PubMed. The 

papers that I had already identified as being relevant (through my background research and 

source data in NICE appraisals) were indexed in PubMed, so this represented a good 
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source of information, specific to HRQoL data. However, I was aware that broader social 

sciences literature may also be informative, particularly in the case of analysis of panel 

datasets. This literature, in addition to the biomedical literature, would provide a richer 

source of information, but would be less specific to health – for example also covering labour 

outcomes.  

“Pearl-growing” and “berry-picking” are approaches that may be used to identify studies 

where full systematic reviews are not required. The concept behind pearl growing is to 

identify one (or more) particularly important study initially and use the information from that 

study to grow the pool of papers. This is done by identifying free-text and thesaurus terms on 

which to conduct a specific search (Booth, 2016). Given the challenges noted above in 

searching for HRQoL studies, I determined that pearl-growing was unlikely to be helpful in 

this review. Berry-picking refers to the idea of maximising the amount of relevant literature 

found by focussing reviewing in one “patch”, before moving on to another “patch” – the aim 

being to identify key studies rather than to systematically identify every study (Bates, 1989). 

Berry picking has six main elements: 

1. Following up references 

2. Forward citation searching 

3. Journal searching 

4. Area scanning 

5. Subject searching in databases 

6. Author searching 

I used an iterative search strategy, using two key papers as my starting point, and following 

some of the berry-picking techniques until I reached saturation (finding no new relevant 

papers).  

The two starting papers were the only two studies I was aware of that had assessed change 

in patient and carers’ HRQoL simultaneously – I had identified these through discussion with 

other researchers working in this area. One study aimed to predict changes in the HRQoL of 

family members of a person with meningitis (Al-Janabi et al, 2017) and the other compared 

the validity and responsiveness of five measures of HRQoL in carers of patients across 

multiple conditions (McLoughlin et al, 2020).  

Initially, I performed forward citation searching using MEDLine via PubMed (as an initial 

focussed search to identify HRQoL papers) and followed up the references in the papers to 

identify new studies. I then categorised the identified studies by whether they reported each 

of the following: 
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1. Cross-sectional analysis of carers’ HRQoL,  

2. Cross-sectional analysis of carers’ health, but not specifically HRQoL 

3. Longitudinal analysis of / predictors of change in carers’ HRQoL 

4. Longitudinal analysis of / predictors of change in carers’ health, but not specifically 

HRQoL 

I added studies which fell into categories 1, 3 and 4 to my “pool” of studies and followed up 

their references and forward citations and repeated this process. (I did not add studies that 

predicted carers’ health but not HRQoL to this pool (category 2) since it would be a large 

number of potentially irrelevant studies (due to their cross-sectional design, methods that do 

not account for selection bias, and lack of overlap in outcomes) and I wanted to focus on the 

most relevant studies). This returned relatively few studies, suggesting a point of saturation. 

To identify papers from outside the medical literature and ensure that my search was as 

comprehensive as possible, I selected two key studies which were frequently cited by 

identified papers for forward citation searching using Google Scholar. Google Scholar 

searches across disciplines and sources, and is not limited to published studies, also 

including for example theses and conference proceedings. These two key studies were the 

2010 and 2011 studies by Bobinac and colleagues and are pivotal in informing the concepts 

underpinning research into carer’s health (Bobinac et al, 2010; 2011). These studies 

decomposed the effects of care into the “family effect” and the “caregiving effect” (see 

Section 2.6) and so I was interested in studies that captured spillovers on either close family 

members or informal caregivers (recognising there will be some overlap). I therefore 

included studies where the exposure was either informal caring or being a family member of 

a person with a health condition (or both), with the aim of capturing both the family effect and 

the caregiving effect. I excluded studies where the exposure was an intervention targeted at 

existing carers.  

I excluded studies which specifically studied the effect of caregiving due to covid, since I was 

interested in the effect of caregiving generally and not limited to one specific event or time 

period which may not be generalisable given all of the changes imposed on society and 

individuals during the covid pandemic.  

I also reviewed papers included in a themed issue of Pharmacoeconomics which focussed 

on measuring family spillover effects of illness (Vol 37 Issue 4 April 2019). 
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3.4 Results 

3.4.1 Summary 

While there is a growing body of evidence providing HRQoL estimates for carers, studies 

typically only report the average utility for carers in a specific population (for example caring 

for patients with a specific health condition). Studies are typically cross-sectional in nature, 

and non-comparative. Where comparisons are made to estimate disutilities, they often 

compare to population averages rather than well-matched samples. As such, while the body 

of evidence suggests that carers experience worse HRQoL than non-carers, it does not 

robustly demonstrate that caring causally affects HRQoL. The need for longitudinal data to 

capture the impacts of caring on HRQoL is noted in the literature (Theakston & Mott, 2025). 

There is a paucity of evidence estimating a causal effect of caring on HRQoL using 

longitudinal studies. To date, only a handful of studies have examined change in carers’ 

HRQoL, and this has been limited to 2-4 time points, a maximum of two years’ apart. These 

studies all suggested that carers’ HRQoL is affected by changes in patient health but are 

somewhat limited by their design and duration. 

There is much more longitudinal evidence analysing the effect of caring on broader 

wellbeing or mental health outcomes, as demonstrated by the existence of two systematic 

reviews and 21 additional studies. These studies used a range of different methods and 

datasets but consistently found that (transitioning into) caregiving was associated with worse 

outcomes for the caregiver (with few exceptions reporting no significant differences). 

However, three studies sought to separate the caregiving effect from the family effect: one of 

these found that both effects were negative, and the other two suggested that the caregiving 

effect can alleviate the negative family effect (in some cases). This highlights the importance 

of controlling for the family effect when attempting to isolate and analyse the caregiving 

effect. Taken together, these results also suggest that while worsening care-recipient health 

is consistently associated with worse caregiver outcomes, the caregiving effect may act in 

different directions for different situations.  

3.4.2 Predictors of carers’ HRQoL 

3.4.2.1 Summary 

Typically, carers’ HRQoL is predicted only by the presence or absence of the patient’s health 

condition, although in some cases severity may also be included. These studies provide 

evidence of a spillover effect on carers’ HRQoL across a range of disease areas, but do not 

report change in carers’ HRQoL alongside change in patient HRQoL. These are not 

informative for how carers’ HRQoL changes.  
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There are two published systematic reviews by the same authors from 2013 and 2019 that 

report spillover effects on caregivers or family member’s utility and provide context on carers’ 

HRQoL in cross-sectional analysis (Wittenberg et al, 2019; Wittenberg & Prosser, 2013). A 

different team updated this review in 2024, which was presented at the Health Economists’ 

Study Group Winter 2025 but is not yet published in a peer-reviewed journal (Theakston & 

Mott, 2025).  

All three systematic reviews demonstrate that information on carers’ HRQoL is available 

across a range of conditions, but that this data is seldom from well-matched comparative 

studies. Given the issues of selection into caregiving, it is likely that much of the data on 

disutilities (where it is available) is subject to bias, and that it may not accurately reflect the 

difference in HRQoL that is due to caregiving. The non-comparative data (such as commonly 

reported absolute utilities) or data that only focusses on a comparison between caregivers of 

patients with or without a specific disease, is not useful in an economic evaluation which 

may reflect an improvement or worsening of the patient’s disease.  

3.4.2.2 Wittenberg et al (2013) 

Wittenberg et al (2013) searched the medical, psychology and economics literature from 

inception to February 2012 to identify published studies measuring spillover on family 

members’ and caregivers’ HRQoL. They included 15 studies, seven of which reported a 

disutility, and eight of which reported data from which the authors calculated disutility. Ten 

studies reported spillover disutilities for family members or caregivers of specific patient 

populations, one study reported disutilities across chronic conditions (Wittenberg et al 2013 

analysis of MEPS data, described in Section 3.4.3.5), and two were designed to develop 

measures of caregiver utility. One study directly assessed spillover disutility using a chained 

time trade-off method (Basu & Meltzer, 2005), all other studies estimated spillover disutility 

by comparing utilities from family members or caregivers to a comparison or control group. 

The comparison groups included population norms (n=7), empirically selected control 

samples (n=6), within-subject scores across time points (n=1) and within-subject 

hypothetical comparisons (n=2), noting some studies used two comparator groups. The 

authors concluded that although caregiver burden was well-recognised, evidence of spillover 

disutility was sparse and that their findings suggested that caregiver disutility was small but 

measurable. They noted that estimating spillovers from comparison to population norms may 

be obscured or confounded by self-selection into caregiving and that accurate and valid 

measurement of caregiver HRQoL is necessary for its inclusion in economic evaluation.   
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3.4.2.3 Wittenberg et al (2019) 

Wittenberg et al (2019) searched the medical and economic literature from inception to April 

2018 to identify articles reporting preference-based measures of caregiver or family HRQoL. 

In this updated review they found 80 studies, demonstrating that the evidence base had 

increased substantially over the intervening five years. The authors grouped the studies into 

three categories: eight studies reported spillover utilities or disutilities only, 25 reported 

caregiver/family utilities with a matched population or comparison group, and 50 reported 

caregiver/family utilities only (the authors do not explain why this sums to 83). The authors 

noted that comparisons to population norms could be used to derive spillovers for the 50 

studies that report only caregiver/family utility, if they are carefully considered to match the 

demographics of the caregiver sample. The authors concluded that the scope of economic 

evaluations is expanding to include caregivers and families, but that this raises practical 

challenges and highlights data gaps, and that additional research is needed on the methods 

of measuring and incorporating spillover QALYs into cost utility analyses.  

3.4.2.4 Theakston & Mott (2025) 

Theakston and Mott (2025) replicated Wittenberg et al’s 2019 search strategy and repeated 

it for the period from April 2018 until July 2024. They also added EQ-HWB into their search 

terms, as it was not developed at the time of the previous review but was anticipated to be 

relevant. They included 96 studies in the review, emphasizing the growth in this research 

area in recent years. Where studies reported one specific condition, Alzheimer’s and 

dementia were the most commonly studied conditions (n = 30 total), followed by cancer 

(n=8), autism (n=7) and mental health disorders (n=7). EQ-5D was the most commonly used 

instrument to measure HRQoL (n=71), and CarerQol-7D was the most commonly used 

carer-specific measure (n=21). 88 of 89 studies reported absolute utilities, disutilities were 

less commonly included; the comparator was typically general population but from a range of 

sources. Perhaps most informatively, Theakston and Mott categorised their included studies 

as primary studies, secondary data analyses, trials, and direct elicitation. Within these 

categories, they specified that they found nine primary longitudinal studies and three 

longitudinal secondary data analyses. The authors kindly provided me with a list of 

references for the 12 studies within these categories. Of the nine primary studies, some 

were not longitudinal for carers (longitudinal data was only provided for patients) (Hughes et 

al, 2022; Mulders-Manders et al, 2018), and some only included carers and not patients (Al-

Rabayah et al, 2022; Potter et al, 2023; Sukchokpanich et al, 2023; Wrotek et al, 2023). One 

study did report changes in patients’ and carers’ HRQoL and used multivariable linear 

regression to examine the relationships between the change scores and patient and carer 

characteristics. They found a small statistically significant decrease in carers’ HRQoL at 24 
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months, and the only statistically significant relationship between change in carer’s HRQoL 

and other variables was with carers age: older carers reported a greater reduction in their 

HRQoL (Park et al, 2019). One study described changes in patients’ and carers’ HRQoL at 

six, 12 and 18 months but did not analyse these changes together (in fact, carers’ HRQoL 

changed significantly but patients’ HRQoL did not) (Froelich et al, 2021). McLoughlin, 

described earlier, was the only other primary study that predicted changes in carers’ HRQoL 

(McLoughlin et al, 2020). The three secondary data analyses of longitudinal data included 

one study that used pooled cross-sectional analysis (Lee et al, 2022), one study of the effect 

of loneliness on carers (Majmudar et al, 2024), and one study of the effect on carers of a 

family involvement programme (Musters et al, 2024).  

Theakston and Mott also noted that some clinical trials measured carer’s HRQoL, including 

a study by Tubeuf and colleagues that predicted carers’ HRQoL as a function of patient 

HRQoL, amongst other variables (Tubeuf et al, 2019). This study presented data from a 

randomised controlled trial comparing family therapy with treatment as usual as an 

intervention for self-harming adolescents. The trial collected EQ-5D-5L for adolescents at 

baseline, six and 12 months, and HUI2 for one parent at the same time point. The authors 

modelled the utility of the parent at each time point as a function of the utility of the 

adolescent at that time point, controlling for other characteristics. This study was also 

identified through searching the PharmacoEconomics special edition.  

3.4.3 Predictors of change in carers’ HRQoL 

3.4.3.1 Summary 

There are far more studies reporting predictors of carers’ HRQoL than of predictors of 

change in carers’ HRQoL. Only four studies estimated the impact of changes in patient 

health on carers’ HRQoL. Three analysed trial/survey data collected for this purpose (Al-

Janabi et al, 2017; Bhadhuri et al, 2017; McLoughlin et al, 2020) and one analysed a routine 

dataset (Wittenberg et al, 2013). All included EQ-5D (3L or 5L) as a measure of carers’ 

HRQoL and two additionally included other HRQoL measures (Bhadhuri et al, 2017; 

McLoughlin et al, 2020). 

All four studies suggested that carers’ HRQoL is affected by change in patient health, but the 

changes tended to be small and not always statistically significant. All four studies 

considered relatively short time periods, with Wittenberg et al (2013) the longest at two 

years. Each study only considered carers’ and patients’ HRQoL at two time points: baseline 

and follow-up, and so assumed that patient and carers’ HRQoL changes were 

contemporaneous. It may be reasonable to assume there could be a lagged effect, whereby 

the carer takes some time to adjust to the patients’ changed HRQoL. Furthermore, the 
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studies include limited data on the amount of unpaid care provided and the extent to which 

this complemented or replaced formal care provision, so they assumed that either formal 

care provision did not change or had a negligible effect. My interpretation of the findings by 

McLoughlin et al (2020) is that change in informal care hours may be a better predictor of 

changes in carers’ HRQoL than changes in the patient HRQoL (but these are likely to be 

highly correlated). This may suggest a stronger caregiving effect than family effect, but the 

authors analysed the two effects separately, whereas Bobinac et al noted that analysing the 

caregiving effect without explicitly considering the family effect led to an overestimate of the 

caregiving effect (Bobinac et al, 2010; 2011). 

3.4.3.2 Al-Janabi et al (2017) 

Al-Janabi et al (2017) aimed to predict changes in individual carers’ HRQoL from changes in 

patients’ HRQoL (both described using EQ-5D-5L) over 12 months. Their rationale for using 

data from two time points rather than a cross-sectional design was to provide a more direct 

test of the predictive validity of models as it is ultimately changes in health status that are 

used in economic evaluation. They used data from a UK-wide survey of 497 carer-patient 

dyads of meningitis survivors and their family members. Most patients’ and carers’ HRQoL 

changed by between -0.2 and +0.2.  

The authors estimated four predictive models (considering patient EQ-5D-5L items, specific 

consequences of meningitis, patient healthcare use, and carers’ characteristics plus patient 

healthcare use) of change in carers’ utility. In all models the authors additionally controlled 

for patient’s age and sex. They estimated all models using linear regression, but also 

investigated adjusted limited dependent variable mixture models and a Beta regression 

model, noting that comparisons between these revealed little difference in p-values and 

better Akaike Information Criteria (AIC) and Bayesian Information Criteria (BIC) for the linear 

regressions. They found the predictor variables in all four models were mostly non-significant 

and, in some cases, there were anomalies, for example associations between improvements 

in patient anxiety/depression and a decrease in carers’ HRQoL. The authors proposed that 

the low predictive accuracy (measured by the correlation between observed and predicted 

change, absolute errors, mean absolute error and root mean squared error) is because 

patient-related variables on their own are likely to be poorly correlated with carers’ HRQoL 

and other factors will also influence carers’ HRQoL. The authors noted that predictions are 

likely to be better at a group level as various external influences on carer’s HRQoL may 

cancel out. 
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3.4.3.3 McLoughlin et al (2020) 

McLoughlin et al (2020) surveyed carers’ HRQoL at baseline and 12 months follow-up using 

EQ-5D-5L, three carer-quality of life measures (Carer Experience Scale (CES), CarerQoL-

7D, ASCOT-Carer), and a capability measure (ICECAP-A). The survey also contained 

contextual questions related to the carer, care recipient, and the caring situation. The 

authors assessed construct validity of the measures using convergent validation and 

assessed the relationship between the change in carer’s HRQoL and changes in two 

anchors (external indicators of a change in a related outcome): care recipient HRQoL 

measured using EQ-5D-5L (reported by the carer), and informal care hours. These were 

subdivided into three levels depending on whether the anchor had increased, decreased, or 

not changed, using minimal clinically important differences of 0.063 for EQ-5D-5L (previously 

estimated in the literature in 2017(McClure et al., 2017)), and changing through a threshold 

of either 20 or 50 hours of informal care hours per week. The authors measured 

responsiveness of the four measures using the standardised response mean effect size 

values, calculated as the ratio of mean change between baseline and 12 month score to the 

standard deviation of the score changes. This calculation standardised the changes so that 

the four different measures could be compared. They classed the mean effect sizes using 

the classification proposed by Cohen’s d, where effect sizes below 0.2 are negligible, 

between 0.2 and 0.5 are small, between 0.5 and 0.8 are moderate, and above 0.8 are large 

(Sullivan & Feinn, 2012). The authors hypothesized that a significant improvement in patient 

HRQoL or a significant reduction in informal care hours would be associated with an 

improvement in carers’ HRQoL. They also assessed the gradient of effect: this recognised 

that HRQoL may improve or worsen for all carers, but that a bigger improvement in carers’ 

HRQoL would be expected to correspond to an improvement in the care recipient’s health or 

reduction in hours of care provided, and a bigger worsening in carers’ HRQoL would be 

expected to correspond to a worsening in the care recipient’s health or increase in hours of 

care provided 

The anchor of care recipient HRQoL improved at follow-up for 94 participants, had no 

change for 80 recipients, and had worsened for 97 participants. The effect sizes were trivial 

for CarerQoL and ASCOT-Carer, and generally small for CES, EQ-5D-5L and ICECAP-A. 

There was an expected gradient of effect for CarerQoL, with greater improvements in the 

CarerQoL score where care recipient health status improved. EQ-5D-5L scores decreased 

for all carers, and ICE-CAP A scores improved for all carers, with no clear gradient of effect.   

The anchor of hours of informal care had decreased at follow-up for 49 participants, had no 

change for 193 participants, and had increased for 61 participants. The effect sizes were 

trivial to small for all measures, but there was an expected gradient of effect (the change in 
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HRQoL for the two subgroups of carers as categorised by the anchors was ordered in the 

expected direction in relation to the change in the construct) for all five measures. The 

authors noted that the small effect sizes should be viewed in the context of fluctuating carers’ 

HRQoL and wellbeing over the 12 months (due to changing access to formal care services 

and care tasks, as well as the underlying quality of life of the carer) and suggest that the 

gradient of effect may provide a better measure of responsiveness, since this was as 

expected for all five measures for hours of care provided.  

3.4.3.4 Bhadhuri et al (2017) 

Bhadhuri et al (2017) assessed the construct validity and responsiveness of EQ-5D and SF-

6D for measuring the effect of patient health conditions on family members. They considered 

separately carers (family members who provide care) and non-caring family members, 

based on responses to a survey of families of meningitis survivors. The sample included 648 

non-carers and 199 carers with EQ-5D and SF-6D reported at baseline and after 12 months. 

The authors hypothesised that over 12 months, the change in family members’ HRQoL 

would be positively correlated with changes in patient HRQoL scores (carers and non-

carers) and negatively correlated with changes in number of hours providing informal care 

(carers only). They used anchor-based methods to examine whether the HRQoL scores 

changed in the expected direction, with anchors selected for patient HRQoL and informal 

care hours, categorised by whether they increased, decreased or did not change in an 

important way. They defined importance for HRQoL as the minimal clinically important 

difference of 0.074 (previously estimated in the literature, but using a different source 

(Walters & Brazier, 2005) to McLoughlin (McLoughlin et al, 2020)) and for carer hours as a 

change of more than five hours per week. They used Cohen’s d to assess the effect size, 

using the same classification as McLoughlin et al (2020). 

There was no gradient of effect to suggest that change in patient HRQoL was correlated with 

change in non-carers’ HRQoL, using either EQ-5D or SF-6D. There was a gradient of effect 

in the expected direction for carer’s EQ-5D (but not SF-6D) as patient health status 

changed, but not as hours of care provided changed. 

The authors discussed that the small or unobservable gradients of effect may be due to the 

short time period of the study and the relatively small changes in patient HRQoL and carer 

hours.  

3.4.3.5 Wittenberg et al (2013) 

Wittenberg et al (2013) analysed data from the Medical Expenditure Panel Survey (MEPS): 

a set of household-based in-person interview surveys in the US. They used household 

component data on family medical conditions from 5 time points, and two EQ-5D 
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administrations, over a two-year span, from three panels beginning in 2000, 2001 and 2002. 

The sample consisted of 24,188 adults representing 14,043 households and including 

11,867 children. EQ-5D was collected from adults only, so the analysis considered the 

impact of household member’s conditions on adults, but the people with conditions could be 

adults or children since medical condition data were collected from both. They did not 

specifically analyse informal/unpaid carers, but looked at spillovers to household members.  

The authors used multivariable regression analysis using general estimating equations 

(GEE) to estimate the independent spillover effect of household members’ chronic health 

conditions on an adult’s EQ-5D score. The GEE controls for clustering at the household 

level. They used a static model to predict the adult’s EQ-5D score at the second 

administration as a function of household members existing and new health conditions, and 

a change-score model to predict change in the adult’s EQ-5D score as a function of a new 

diagnosis of a household members’ conditions. Both models additionally included other 

variables known to predict utility: the presence of chronic conditions, age, race, gender, 

marital status, household income and household composition.   

In the static model, the authors modelled EQ-5D in continuous form using Duan’s two-stage 

approach to account for the high proportion of 1 scores. The first part of the model predicted 

the odds ratio of having an EQ-5D score of 1 versus <1: this was statistically significantly 

lower for existing mental and respiratory conditions among other (child and adult) household 

members, existing musculoskeletal disorders among adult household members, new mental 

disorders among adult or child household members, and new nervous/sensory or 

musculoskeletal system disorders among other adult household members. The largest effect 

was from the adult’s own existing or new health conditions (as may be expected). There 

were also associations from some of the other variables. The second part of the model 

included only adults reporting EQ-5D less than 1, and found some significant correlations, 

but that chronic conditions among other household members were less consistently 

associated with a lower EQ-5D score.  

In the change-score model, the authors created an EQ-5D difference score (EQ-5D at 

second administration minus EQ-5D at first administration), split into 0.05 increments to 

create a discrete outcome with a symmetric and approximately normal distribution but with a 

high peak at 0 indicating no change. This showed that occurrence of only a new 

musculoskeletal condition among other adults in the household was significantly associated 

with a reduction in the adult’s EQ-5D score by 0.007. The occurrence of some new 

conditions for the adult himself were also significantly associated with a reduction in EQ-5D.  

The authors reported that they tested their transformation by modelling the outcome with a 
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negative binomial distribution and found similar results. The authors concluded that their 

analysis provided empirical evidence of the existence of spillover effects, although they 

noted that their results were correlations not causal effects and that most of their results fell 

below the level of minimally important differences for utilities.  

3.4.4 Predictors of changes in carer health or wellbeing 

3.4.4.1 Summary 

I identified studies in the literature that uses longitudinal analysis of panel data to estimate 

impacts of informal caregiving on other health-related outcomes or wellbeing-based 

outcomes. While not directly relevant to my research question about how changes in carers’ 

HRQoL, I recognised that some of these studies may be useful for underpinning conceptual 

models about how carer health changes and may suggest datasets I can analyse or 

econometric methods that may be suitable.  

Two studies were recent systematic reviews of longitudinal evidence (Bom et al, 2019; Ervin 

et al, 2022), and thus provided a helpful summary on the status and methods of this 

research to date. Bom et al (2019) reviewed the causal impact of providing care to the 

elderly on the health of the caregiver, and Ervin et al (2022) reviewed the longitudinal 

association between providing unpaid care (to any persons requiring care) and mental 

health.  

I identified an additional 21 studies which used longitudinal data to analyse the relationship 

between unpaid caregiving and health or wellbeing outcomes. These are summarised in 
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Table 1 and discussed below. 

3.4.4.2 Bom et al (2019) systematic review  

Bom et al (2019) conducted a systematic review of biomedical and social sciences literature 

to answer the question “What causal impact does providing informal care to elderly or older 

family members have on the health of the caregiver? And how does this caregiving effect 

differ between subgroups of caregivers?” Fifteen articles met all inclusion criteria, including 

using one of the following methods: propensity score analysis, simultaneous equation 

models (instrumental variables), regression discontinuity designs, difference-in-difference 

(DID) models or Heckman selection models, and excluding studies using a matching design 

that does not match on caregiver health prior to starting caregiving, to ensure included 

studies considered selection into caregiving. The authors reported the health measures 

included: none of the studies included preference based HRQoL measures, although the 

related SF-36/SF-12 physical component score (SF PCS) and mental component score (SF 

MCS) subscales were included in 3 studies. Twelve studies used longitudinal data, although 

in one case data from only one wave was used, and three studies used cross-sectional data. 

The definition of informal caregiving differed between studies, with five studies specifying 

caring for a parent, one specifying caring for a spouse, five describing caring for 

anyone/family member/friend, one specifying caring for someone with a specific illness, and 

two defining caregivers as persons living with a family member/spouse in need.  

With one exception, all studies reported a short-term negative effect for certain subgroups of 

carers. The authors proposed that the reason for the exception could be that it defined 

informal caregivers as members of a household where someone needs care (without 

determining if they provided care). Studies generally found that caregiving resulted in higher 

prevalence of depressive symptoms and lowered mental health scores, but the estimates of 

physical health impacts were more variable, and in some cases positive. The authors 

discussed that this appears to be related to timing, with positive short-term impacts on self-

reported health and longer term impacts on pain and drug use. Important subgroups 

included sex and the intensity of provided care (a stronger negative effect of caregiving for 

women and people providing more intensive care). The authors concluded that there was 

evidence of negative health effects of informal caregiving for subgroups of informal carers, 

and that consideration of the subgroups is important.  

3.4.4.3 Ervin et al (2022) systematic review  

Ervin et al (2022) conducted a systematic review of biomedical and social sciences literature 

to answer the question “What is the longitudinal association between unpaid caregiving and 

the mental health of working age adults in high-income OECD countries?” Thirteen studies 
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met all inclusion criteria, including using one of the following methods: linear mixed effects 

regression, linear fixed effects regression, ordinary least squares (OLS) regression, logistic 

regression. The authors reported the health measures included: none were reported to 

include preference based HRQoL measures, although the related SF-36/SF-12 PCS and 

MCS subscales were included in three studies. The definition of informal caregiving differed 

between studies, with two studies considering family caregiving, one specifying adult 

caregiving, four describing caregiving, four specifying informal caregivers/caregiving, one 

parental caregiving, and one sandwich caregiving (simultaneously caring for children and 

parents).  

Two studies reported no significant difference in outcomes between family caregivers and 

non-caregivers. One study found significant effects only for intermittent carers (more than 

one episode of caregiving) or long-term care for women. One study found that caregiving, 

only where it imposed limitations, was associated with higher depression. All other studies 

reported a negative association between caregiving and mental health. Some gender 

differences were noted, with consistent negative association between mental health 

outcomes and caregiving for women, but some studies finding no or positive association 

between mental health outcomes and caregiving for men. The authors concluded that there 

was overwhelming evidence that unpaid caregiving negatively affects working age adults’ 

mental health and recommended that the disproportionate caregiving load on women is a 

crucial requirement for policy development.  

3.4.4.4 Additional studies 

The 21 additional longitudinal analyses are summarised in Table 1
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Table 1.  

The studies all used large national (or international) panel datasets including two UK 

datasets (the English Longitudinal Study of Ageing and the UK Household Longitudinal 

Survey). 

None of the studies’ outcomes included HRQoL in a form that can be used in cost-utility 

analysis. Instead, they mainly focussed on measures of wellbeing or life satisfaction and 

mental health (including depression), with fewer studies including physical health.  

Three studies included some measure of both the caregiving effect and the family effect 

(Bom et al, 2019; Han, 2023; Han et al, 2021). Two studies included only the family effect 

(Henry & Cullinan, 2024; Jain & Ma, 2024) and did not record whether the family member 

provided unpaid care. Sixteen studies included only the caregiving effect.  

The studies that included only the family effect concluded that the presence of health 

conditions or difficulties in one family member have spillover effects on the depression of 

other family members, but this was not always significant at the 5% level. These studies 

used generalised method of moments (GMM) dynamic models to account for the family 

members’ health at previous time points.  

The studies that included only the caregiving effect tended to conclude that informal 

caregiving negatively affected outcomes for carers, particularly mental health or wellbeing. 

The effects on physical health were less clear: one study found that informal care provision 

improved self-rated health and reduced activity limitations (Lamsal et al, 2024) and another 

found transition into care improved allostatic load (representing “wear and tear” or the 

impacts of distress at a molecular and cellular level(McEwen & Stellar, 1993)) for men but 

not women (Bertogg, 2025). Two studies found that caring improved physical health as 

measured by SF-12 PCS (Bom & Stockel, 2021; Stöckel & Bom, 2022) but this may be 

explained by the SF-12 scoring system where worse mental health scores necessarily 

improve the PCS score. Many of these studies used fixed-effects models (Cheng et al, 2023; 

Kramer & Bleidorn, 2024; Labbas & Stanfors, 2023; van den Berg et al, 2008) (in some 

cases asymmetrical fixed effects (Bertogg, 2025), to allow for differences between 

transitioning into caregiving and transitioning out of caregiving). Three used instrumental 

variables (Costa-Font & Vilaplana-Prieto, 2022; Eibich, 2023; Le & Ibuka, 2023), one used 

GMM (Blaise and Dillenseger, 2023) and two used propensity score matching (Bom & 

Stockel, 2021; Stöckel & Bom, 2022). One used targeted maximum likelihood estimation 

(Torres et al, 2021), one used DID (Methi et al, 2024), one used generalised estimating 

equations (Zhao et al, 2023) , one used adjusted linear mixed models (Kirvalidze et al, 

2023), and one was unclear (Angelini & Costa-Font, 2023). 
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I was particularly interested in the three studies that included both the caregiving effect and 

the family effect because they build on the work of Bobinac (Bobinac et al, 2010; 2011) and 

are more able to capture the full impact of caring on HRQoL, are so are likely to be 

informative for my analysis. Each of these is discussed in turn.  

3.4.4.5 Bom et al (2019)  

Bom et al used data from four waves of panel data from the Dutch Study on Transitions in 

Employment, Ability and Motivation (STREAM) to analyse the mental and physical health 

impacts of providing informal care, and to try to disentangle the family and caregiving effects. 

The authors selected a subsample of individuals who may potentially provide informal care 

to a parent or partner, including 4,400 males and 3,528 females at baseline and with 17,055 

male and 13,693 female observations across all waves. To account for factors that might 

determine whether somebody becomes a caregiver, the authors used a first-difference 

model to control for time-invariant personal characteristics, condition on lagged health status 

of the caregiver, and include remaining time-varying factors as variables in the model. They 

estimated the resulting dynamic panel data model using GMM.  

The change in caregiver’s health at each year is dependent on the change in their health 

status observed in the previous year, and on the change in the informal care provision status 

at time t, and on the change in the health state of a spouse or close family member, and on 

the vector of changes in individual time-varying characteristics. 

Caregiver health was measured using four self-reported outcomes (in separate models): the 

SF-12 PCS and the MCS, the SF-36 vitality subscale to measure fatigue, and the Center for 

Epidemiological Studies-Depression-10 (CES-D) scale to measure depression. 

The authors found a statistically significant negative caregiving effect for the SF-12 MCS and 

a statistically significant negative family effect for the SF-12 MCS and depression. When the 

family effect was excluded, the size of the caregiver effect for SF-12 MCS increased. When 

stratified by caregiving intensity, the authors found a larger impact on SF-12 MCS and vitality 

for a greater intensity of caregiving. They did not find a significant effect for SF-12 PCS. The 

caregiving effect was largest when caring for a spouse, and this particularly affected vitality 

and depression. There was also a negative family effect when a spouse became ill, which 

was not found for other family members. The authors reported that for all subgroup 

analyses, the effects (except for SF-12 PCS) were larger for females than males and often 

significantly different. The authors compared their GMM model with results from OLS and 

compared with models that allow for fixed effects, and found the estimates of caregiving and 

family effects were not substantially different. 
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The authors concluded that their research highlighted the importance of separating the 

family and caregiver effects, and of considering subgroups given the significantly different 

effects for different subgroups.  

3.4.4.6 Han et al (2021)  

Han et al used seven waves of biennial data from the US Health and Retirement Study to 

understand the relationships between spousal activity limitations (activities of daily living 

(ADL) and instrumental activities of daily living (IADL)), caregiving behaviour and depressive 

symptoms. They used a sample of 6,475 couples (dyads), with 57,844 person-wave 

observations. 

They used three longitudinal actor-partner interdependence models, each of which allowed 

for asymmetrical effects transitioning into and out of caregiving, and each decomposed into 

within-person (fixed effects) and between-person (random effects) components. Their 

preferred model considered the effect of transitions into and out of caregiving and their 

interaction with type of caregiving on CES-D depressive symptoms, adjusted for spousal 

activity limitations. They found both wives and husbands experienced fewer depressive 

symptoms when they transitioned into caregiving than when they remained non-caregivers, 

in the context of their spouses’ activity limitations. In a simpler model that excluded spousal 

activity limitations, they found that transitioning into caregiving increased depressive 

symptoms in wives, but not in husbands. When they considered spousal activity limitations 

and transitions into caregiving, but not the interaction between them, they found that spousal 

activity limitations increased depressive symptoms in wives but not husbands, and that 

transitioning into caregiving did not significantly affect depressive symptoms for husbands or 

wives. The authors suggested that the findings of the simpler models were confounded by 

omitting the interaction between the type of spousal limitation and transitions into caregiving, 

since spousal health problems lead to both the need for spousal caregiving and depression 

among spouses.   

The authors concluded that their research demonstrated that caregiving itself does not 

increase depressive symptoms, and caregiving may actually alleviate the emotional health 

consequences of having a spouse afflicted with a disability.   

3.4.4.7 Han (2023)  

Han used nine waves of biennial data from the US Health and Retirement Study to 

understand the relationships between maternal disability and dementia and caregiving 

behaviour and depressive symptoms in adult children. They used a sample of 4,812 people 

whose mothers were alive prior to the observation period and included them until the wave 

after their mother died, leading to 18,442 person-wave observations.  
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They used multilevel models with asymmetrical fixed effects for transitions into and out of 

caregiving (the effect of transitioning into caregiving is not assumed to be identical in size 

and opposite in direction to the effect of transitioning out of caregiving) and estimated a 

series of within-between random effects models. Within-between random effects models 

consider the “between effects” of key differences between population groups and the “within 

effects” of variability within individuals over time. In their preferred model which included 

maternal health, characteristics of the mother and family and interaction between these and 

caregiving transitions, the authors found that transitioning into caregiving alleviated the 

negative effects of moderate maternal disability (effects for severe disability showed a similar 

trend but were not statistically significant, and there was no such relationship for dementia). 

Other models which excluded maternal health conditions or additional characteristics found 

that transitioning into caregiving was associated with increased depressive symptoms. The 

authors concluded that their research demonstrated that transitioning into caregiving did not 

increase depressive symptoms once the effects of maternal health conditions are 

considered, and that caregiving can alleviate the detrimental effects of moderate maternal 

disability. 
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Table 1: Summary of longitudinal studies 

Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

Angelini & Costa-

Font (2023)  

Europe  

Survey of Health, 

Retirement, and 

Ageing in Europe 

Short and long run, 

outcomes as a 

function of partner 

cancer diagnosis 

Caregiver: helped 

spouse or partner 

(who was diagnosed 

with cancer).  

EURO-D,self-rated 

health, pain, health 

behaviours 

Short-term: cancer 

diagnosis has a 

significant effect on 

partner's self-

reported health, 

effect is bigger for 

non-caregivers than 

caregivers.  

Bertogg et al (2025) 

England 

English Longitudinal 

Study of Ageing 

Asymmetric fixed-

effects 

Caregiving: looking 

after anyone in the 

past week 

Allostatic load using 9 

biomarkers, cognitive 

function 

Men: transition into 

caregiving improves 

allostatic load and 

memory. 

Women: small 

improvement in 

memory, but no stat 

sig with allostatic 

load. 

Women's memory 

function increases 

when caregiving 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

intensity increases, 

men's no change  

Both: transition out of 

caregiving no change 

in outcomes.  

Blaise and Dillen 

Seger (2023) 

Netherlands  

Dutch Longitudinal 

Internet Studies for 

Social Sciences 

panel 

GMM, two-step 

system using first lag 

of dependent 

variable 

Caregiving: providing 

any care of care in 

the last 12 months  

Life satisfaction  Caregiving 

significantly 

negatively affects life 

satisfaction 

Bom et al (2019) 

Netherlands  

Study on Transitions 

in Employment, 

Ability and Motivation 

GMM dynamic panel 

model, first 

differences to control 

for time-invariant 

characteristics, 

condition on lagged 

health status  

Informal caregiving: 

spent part of time in 

past 12 months on 

giving informal care.  

Spouse or family 

member become 

severely ill last year.  

 

SF-12 MCS, 

SF-12 PCS, SF-36 

vitality, CES-D  

Statistically 

significant negative 

caregiver effect for 

the SF-12 MCS, and 

a statistically 

significant negative 

family effect for the 

SF-12 MCS and 

depression. When 

the family effect was 

excluded, the size of 

the caregiver effect 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

for SF-12 MCS 

increased. They did 

not find a significant 

effect for SF-12 PCS 

Bom & Stöckel 

(2021) 

UK and Netherlands 

UK Household 

Longitudinal Survey, 

Study on Transitions 

in Employment, 

Ability and Motivation 

Propensity score 

matching and 

regression 

Comparison of UK 

and Netherlands  

UK: Informal 

caregiving: looking 

after someone living 

with you or providing 

regular help to 

someone not living 

with you. 

 

Netherlands: 

Informal caregiving: 

spent part of time in 

past 12 months on 

giving informal care.  

Spouse or family 

member become 

severely ill last year.  

 

SF-12 MCS, 

SF-12 PCS. 

Dutch caregivers 

experienced a 

statistically 

significant negative 

effect on MCS, 

whereas the effect 

for UK caregivers 

was insignificant. 

The effect for PCS 

was non-significant 

for Dutch caregivers, 

but statistically 

significant and 

positive for UK 

caregivers 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

Cheng et al (2023) 

China 

China Family Panel 

Studies 

Fixed effects ordered 

logit model 

Caregiving: taking 

care of 

mother/father’s 

household chores or 

meals 

Life 

satisfaction/subjective 

wellbeing 

Strong evidence of 

negative impact of 

informal caregiving 

on subjective 

wellbeing, bigger 

impact for high 

frequency care. 

Costa-Font & 

Vilaplana-Prieto 

(2024) 

Europe 

Survey of Health, 

Retirement, and 

Ageing in Europe 

Instrumental 

variables (IVs) fixed 

effects filtered model 

Co-resident 

caregiving: regularly 

helps someone in 

household with 

personal care. Non-

residential 

caregiving: helps 

family member, friend 

or neighbour.  

IVs: being only child, 

eldest child, number 

of brothers, youngest 

child, number of 

sisters 

Life satisfaction Being a caregiver 

reduces life 

satisfaction 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

Eibich (2023) 

England 

English Longitudinal 

Study of Ageing 

Instrumental 

variables (IVs) 

Caregiving: looked 

after anyone in the 

past week. 

IVs: presence of one 

living sibling, only 

one parent alive 

Self-reported health, 

CES-D, 

binary ADLs and 

IADLs. 

 

For men, informal 

care provision 

improves health 

(self-reported, ADLs 

and IADLs) but not 

depressive 

symptoms. Effects 

less for women. 

Han (2023) 

US 

Health and 

Retirement Study 

multilevel models: 

caregiving transitions 

using asymmetrical 

fixed effects 

modelling approach,  

within-between 

random effects 

model 

Caregiving, defined 

as spending a total 

of >=100 hours in the 

last 2 years helping 

their mother with 

basic personal 

activities. 

Maternal disability, 

defined by whether 

the mother needed 

help with personal 

needs and could be 

left alone. 

CES-D In models excluding 

maternal disability 

and dementia, 

transitioning into 

caregiving 

significantly 

increased depressive 

symptoms. 

In models including 

maternal disability 

and dementia, 

transitioning into 

caregiving was not 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

Maternal dementia, 

defined by whether a 

doctor had ever said 

the mother had a 

memory-related 

disease.  

associated with 

increased depressive 

symptoms.  

In models including 

interaction terms, 

transitioning into 

caregiving 

significantly 

alleviated the 

negative effect of 

maternal disability.  

Han et al (2021)  

US  

Health and 

Retirement Study 

Actor-partner 

interdependence 

models. 

Asymmetrical fixed 

effects 

within-person and 

between-person 

effects 

Spouse’s activity 

limitations (ADL and 

IADL). 

Caregiving, where 

spouse had activity 

limitations and 

reported receiving 

help from spouse. 

 

CES-D 

 

Spousal activity 

limitations 

significantly increase 

depressive 

symptoms. 

Caregiving does not 

increase depressive 

symptoms when 

controlling for activity 

limitations. 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

In models including 

interaction terms, 

caregiving 

significantly 

alleviated the 

negative effect of 

spousal activity 

limitations. 

Henry & Cullinan 

(2024) 

Ireland 

Growing up in Ireland System GMM, 

outcome function of 

outcome at previous 

time points, health 

status of child and 

time-varying 

characteristics. 

GMM estimator using 

lagged first 

differences as 

“internal” 

instruments. 

Presence and 

diagnosis of child’s 

chronic physical or 

mental health 

problem/illness.  

CES-D Maternal health 

outcomes differ by 

the child’s health 

condition, but even 

the largest effect is 

only significant at the 

10% level. 

Jain & Ma (2024) English Longitudinal GMM, linear dynamic Spouse: Respondent: Significant cross-
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

England Study of Aging models. 

Single equation 

health production 

functions, one for 

each spouse, where 

vectors of health 

outcomes at time t 

are functions of own 

lagged health 

outcome vectors and 

spouse 

Mobility difficulty 

index, 

CES-D, 

Cognitive health  

Mobility difficulty 

index, 

CES-D, 

Cognitive health  

domain and cross-

spouse spillover 

effects which vary by 

health domain and 

gender. 

Wives’ mental health 

significantly 

influenced by 

husband’s mental 

health, husbands’ 

mental health more 

influenced by wives’ 

physical health.  

Krivalidze et al 

(2023)  

Sweden 

Swedish National 

study on Aging and 

Care in 

Kungsholmen 

Adjusted linear mixed 

models 

Caregiving: providing 

care to a friend or 

relative. Dual role: 

simultaneous 

received (formal or 

informal) care and 

provided informal 

care.  

Limitations to life & 

perceived burden 

HAT objective health 

status 

Having a dual role 

and caring for a 

spouse 

at baseline were 

associated with a 

faster average 

annual decline 

of the HAT score 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

over the 12-year 

period 

Krämer & Bleidorn 

(2024)  

Netherlands, 

Germany, Australia  

Dutch Longitudinal 

Internet Studies for 

Social Sciences 

(LISS) panel 

German Socio-

Economic Panle 

(SOEP) 

Household, income 

and Labour 

Dynamics in 

Australia Survey 

(HILDA) 

Fixed effects Caregiving: providing 

informal care 

Wellbeing (life 

satisfaction, affect, 

depression/anxiety, 

loneliness) 

 

Consistent wellbeing 

losses in women 

after becoming 

caregivers, and 

wellbeing losses for 

men that partly didn’t 

extend beyond first 

year. 

More time caring led 

to worse wellbeing.  

Labbas & Stanfors 

(2023)  

Europe 

Survey of Health, 

Retirement, and 

Ageing in Europe 

Fixed effects Caregiving: providing 

care a parent 

EURO-D depression 

and quality of life 

(CASP-12) 

Caregiving relates to 

higher risk of 

depression among 

women in the Nordic 

countries. 

Le & Ibuka (2023) 

Japan 

Japanese Study of Aging 

and Retirement 

Instrumental 

variables (IVs) fixed 

Caregiving: current 

or anticipated 

CES-D, life 

satisfaction, self-rated 

Informal caregiving 

significantly 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

effects  involvement in the 

care of your mother 

or father-in-law, and 

provision of help to 

family members, 

relatives, friends, 

neighbours. 

IV: mother- or father-

in-law requires 

nursing care.  

health, hand-grip 

strength, joint 

disorder 

increased the 

probability of poor 

mental health and 

being unsatisfied 

with life, but did not 

affect physical 

health.  

Methi et al (2024) 

Norway 

Norwegian Counties 

Public Health Survey 

DID Caregiving: providing 

regular unpaid help 

or supervision to 

someone in need of 

help 

Wellbeing: positive 

hedonic wellbeing, 

negative hedonic 

wellbeing, 

eudaimonic 

wellbeing, social 

wellbeing 

New caregivers 

experience a decline 

in psychosocial 

wellbeing (positive 

and negative 

hedonic), but the 

decline begins prior 

to the caregiving 

transition 

non-significant but 

trend for contributing 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

more to happiness of 

others 

Stockel & Bom 

(2022)  

UK 

UK Household 

Longitudinal Survey 

Propensity score 

matching and 

regression. 

Dynamic matching 

procedure.  

Informal caregiving: 

looking after 

someone living with 

you or providing 

regular help to 

someone not living 

with you.  

Caregiving intensity: 

hours per week.  

 

SF-12 MCS, 

SF-12 PCS, 

In the static matching 

procedure, 

statistically 

significant small 

immediate negative 

effects on MCS, 

which persisted up to 

5 years, and a 

statistically 

significant small 

positive effect on 

PCS at the first time 

point, but no lasting 

effect. 

Dynamic model, 

providing informal 

care tends to have a 

negative impact on 

mental health. 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

Torres et al (2020) 

Mexico 

Mexican Health and 

Aging Study 

Pooled cross-

sectional analysis, 

with lagged 

variables, using 

targeted maximum 

likelihood estimation 

Caregiving: providing 

care to spouse with 

IADL  

CES-D, 

lower body functional 

limitation, 

chronic health 

conditions 

 

People providing 

care experience 

more depressive 

symptoms 

 

Van den Berg et al 

(2014)  

Australia  

Household, Income 

and Labour 

Dynamics in 

Australia 

Fixed-effects ordered 

logit model 

Weekly informal care 

time 

Self-rated life 

satisfaction 

Statistically 

significant negative 

effect of informal 

caregiving on life 

satisfaction, and a 

statistically 

significant effect of 

intensive caregiving. 

Zhao et al (2023) 

China 

China Health and 

Retirement 

Longitudinal Survey 

Generalised 

estimating equations 

Caregiving: spouse 

reported participant 

was primary 

caregiver 

CES-D People who 

transitioned into ADL 

caregiving had 

higher degree of 

depressive 

symptoms, people 

who transitioned into 
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Author (year) 

country 

Data source Study design / 

methods 

Exposure(s) and 

measurement 

Health outcomes Main findings 

IADL did not differ 

from non-caregivers 

ADL: activities of daily living, CASP:Control, Autonomy, Self-realization, and Pleasure ,CES-D: Center for Epidemiological Studies-Depression, 

DID: Difference-in-Differences, GMM: generalised method of moments, IADL: instrumental activities of daily living., SF-12: short-form 12, SF-

36: short-form 36.  
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3.5 Conclusion 

There is a stark contrast between the evidence base for carers’ HRQoL and broader 

evidence on changes in carers’ health or wellbeing. In recent years, the number of studies 

providing information on the HRQoL of carers for patients with specific health conditions has 

expanded rapidly, but the design of the studies has hardly evolved: studies are typically 

cross-sectional and non-comparative, so while they provide information on utilities for carers, 

they do not provide estimates of a causal effect of caring on HRQoL and they do not provide 

any information on carers’ HRQoL trajectories. The handful of longitudinal studies that have 

been conducted have been over very short time periods (2 years or less) with few 

timepoints, and analyses have been limited in considering only the family or the caregiving 

effects. By contrast, there is much more longitudinal evidence on the relationship between 

transitions into and out of caregiving, patient health conditions, and carers’ health or 

wellbeing outcomes. These studies have made use of observational datasets rather than 

conducting new studies and have included multiple waves of data. They have used a wide 

range of methods to try to isolate causal effects, including multilevel modelling, matching, 

and instrumental variables.  

Taken in its entirety, this review suggests that caring does affect carers’ health or wellbeing 

outcomes, but that the relationship is complex and there is a need to consider measures of 

patient health as well as the caregiving role. Much of the evidence has focussed on the 

relationship between caring and mental health (or wellbeing, or depression) and the 

evidence for the relationship between caring and physical health is much weaker and less 

clear. It may therefore be important to consider the relationship between caring and 

individual domains of HRQoL measures rather than the index score. 

The paucity of longitudinal evidence on carers’ HRQoL highlights the need for new analyses 

to identify the effect of caring on HRQoL. The much richer longitudinal evidence on carers’ 

health or wellbeing outcomes demonstrates that it is possible to use existing observational 

datasets for this analysis (where relevant outcomes are included), showcases potential 

methods, and highlights the need for including information on patients’ health and measures 

of caregiving. The next chapter of this thesis combines these two findings and analyses 

existing observational datasets to identify a causal effect of caring on HRQoL.    
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4 Estimating the effect of caring on health-related quality 

of life  

4.1 Introduction 

Chapter 3 highlighted the limited evidence on the causal effect of caring on HRQoL, and the 

scarcity of published longitudinal analyses of carer utilities. This chapter aims to address that 

evidence gap and provide estimates of carer HRQoL that can be used in economic models. 

Two separate analyses are summarised below. 

The first analysis uses longitudinal data to examine how carers’ HRQoL (measured using 

SF-6D) evolves over time. It draws on the concepts of the family effect and the caregiving 

effect, discussed in 2.6.1Section 2.6, using a household survey to link co-resident care-

recipients and carers. The findings are published (Pennington et al, 2025b). 

The second analysis studies the causal effect of different volumes of care by applying causal 

inference methods to a cross-sectional study of EQ-5D-3L and 5L. At the time of writing the 

thesis, a UK value set for EQ-5D-5L was not publicly available, so the analysis applies the 

mapping from 5L response to the 3L value set (Hernandez-Alava & Pudney, 2022).   

Both of these analyses provide estimates of carers’ HRQoL that can be used in economic 

evaluation. They draw on two different datasets, methods, and HRQoL measures so the 

estimates differ, and each has their own strengths and limitations. In this chapter, each 

analysis is described and discussed in turn, before a conclusion compares and discusses 

both analyses and their implications together. For the first analysis, I organised a public 

involvement workshop with carers to discuss the analysis and how it compared to carers’ 

experiences, to ensure I had included all relevant variables and to aid interpretation of my 

findings. This is described briefly in the section about this analysis and in detail in the 

Appendix in Chapter 8.  

4.2 Longitudinal analysis of carers’ HRQoL in the UK Household 

Longitudinal Survey (UKHLS) 

This section includes an overview of the analysis including aims and summary level findings 

(for more information please see the full text paper), information on the mapping from SF-12 

to EQ-5D (not included in the full text paper), description of the public involvement work 

(mentioned briefly in the full text paper) and a discussion of the analysis.   

4.2.1 Overview 

I aimed to address the evidence gap in how carers’ HRQoL changes over time through 

longitudinal analysis of UKHLS in “Unpaid Caring and Health-Related Quality of Life: 

Longitudinal Analysis of Understanding Society (the UK Household Longitudinal Survey)” 
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(Pennington et al, 2025b). To my knowledge, this is the first study to analyse carers’ HRQoL, 

as measured by utilities for use in economic evaluation, at more than two time points.  

I made use of two important features of UKHLS: firstly, its longitudinal design with 13 waves 

of data, and secondly, that as a household study it captures carer and cared-for dyads. This 

meant that I was able to predict changes in carers’ HRQoL as a function of both the 

caregiving effect (measured by intensity and duration of caregiving) and the family effect 

(measured by the HRQoL of the cared-for) identified by Bobinac and colleagues (Bobinac et 

al, 2010; 2011). This is unique for a longitudinal analysis to date and is suitable for use in 

economic evaluations of interventions for patients where the patients’ HRQoL is already 

captured, and caregiving duration and intensity can be measured from other sources. 

I used fixed effects panel data analysis to estimate the effect of caring on HRQoL. Fixed and 

random effects models differ in their assumption about the correlation between the 

unobserved individual effect and the covariates: uncorrelated in the random effects model 

case and correlated in a fixed effects model. To establish which model to estimate, I used 

the Hausman test. The test rejected the null hypothesis of no systematic differences 

between the fixed- and random-effects estimators and, therefore, the fixed effects model 

was preferred in this case.  

The main survey in UKHLS contains the self-completion SF-12 module. This consists of 12 

questions that ask participants about: their general health, how their health limits activities, 

how their physical health affects work, how their mental health affects work/achievements, 

pain, feelings, energy and social life. These questions each report ordinal answers on a 

scale 1-5 (although sometimes 5 is best, and in other cases 5 is worst). To measure HRQoL, 

I used SF-6D, calculated from the SF-12 collected in UKHLS (Brazier and Roberts, 2004). 

SF-6D is a generic preference-based measure of health and can be used within cost-utility 

analysis (see Section 2.4). The SF-12 domains used in calculating SF-6D are: 

• Mental health meant accomplished less 

• Felt down-hearted and depressed 

• Health interfered with social life 

• Physical health limited kind of work 

• Pain interfered with work 

• Health limited moderate activities 

• Had a lot of energy 

The SF-6D analysis found that carers’ HRQoL decreased by 0.045 for every additional year 

spent caring, and that carers’ HRQoL decreased by 0.0123 if the HRQoL of the cared-for 

decreased by 0.1. Caring at low, medium or high intensity had a statistically significant 
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positive impact on (increased) HRQoL, with similar effect sizes for all intensities. Duration of 

care had a statistically significant negative impact on (decreased) HRQoL and since this 

increased with each additional year of care, it negated the HRQoL gain from caring intensity 

within 2 years.  

Different measures of HRQoL can produce different utility values, and NICE states a 

preference for EQ-5D (Dawoud et al, 2022). EQ-5D is not routinely collected in UKHLS, but 

was included (3L and 5L, see Section 2.4) for a subsample of UKHLS respondents in the 

Innovation Panel (a sample of 1,500 households where new survey methods and contents 

are tested) in wave 11 in 2019 (Hernandez-Alava & Pudney, 2022). It was therefore possible 

to develop a mapping from the SF-12 MCS and PCS scores included in UKHLS to EQ-5D, 

so that I could consider EQ-5D as a measure of HRQoL for both the carer and the cared-for, 

which could be used directly in economic models (described in the Appendix in Chapter 07). 

The EQ-5D results (not reported within the published paper) were consistent with the SF-6D 

analysis: caring decreased HRQoL by 0.038 each year, and a decrease in the HRQoL of the 

cared-for of 0.1 corresponded to a decrease of 0.0084 in the carers’ HRQoL. Coefficients for 

care intensity were also similar, positive and small. 

In a public involvement workshop, carers discussed that caring could affect all aspects of 

HRQoL, with negative impacts on mental health and feelings of loneliness, as well as some 

effects on physical health. Some carers suggested there could be positive impacts of caring. 

This was valuable in understanding that the coefficients for caring could initially be positive, 

but that longer term effects were negative, particularly as some carers expressed that having 

a definite end to the caring role could be helpful. Further details of the public involvement 

workshop are described in the Appendix in Chapter 8. 

4.2.2 Discussion 

In my analysis, summarised above, I found that carers’ HRQoL was correlated with patients’ 

HRQoL and that carers’ HRQoL declined as duration of caring increased (Pennington et al, 

2025b).  

My finding that carers’ HRQoL continued to decline over time was consistent with the 

experiences of my public involvement group, but it is a new contribution to the literature, 

where models had previously focussed on intensity of care. This can be captured in 

economic models and would mean that interventions which reduce the duration of or delay 

the start of unpaid caring offer an additional HRQoL benefit to carers. However, I noted that it 

may not be appropriate to extrapolate this result over an extended period as relatively few 

carers in UKHLS provided care for more than five consecutive years. In economic models of 
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interventions for older people (such as Alzheimer’s disease), a duration of five years caring 

may be appropriate, but carers of children with life-limiting conditions (for example Duchenne 

Muscular Dystrophy) may provide care for much longer than five years. I further explored 

this by considering lagged or initial HRQoL scores in regression analyses, which were 

statistically significant. This may suggest that future research should consider the use of 

dynamic models to predict changes in carers’ HRQoL.   

My conceptualisation of carer’s HRQoL as a function of the duration and intensity of unpaid 

care (“caring for”) and the HRQoL of the person they care for (“caring about”) was consistent 

with previous (cross-sectional) analysis of carer’s HRQoL (Bobinac et al, 2010; 2011), but 

depicts a unidirectional flow in which the care-recipient’s HRQoL can influence the carer’s 

HRQoL, but not the other way round. In the publication itself I noted this limitation, 

discussing that if carers’ HRQoL can also influence care-recipient’s HRQoL, then the 

analysis is subject to simultaneity bias and so likely represents an upper bound of the family 

effect (“caring for”). From a more theoretical standpoint, this “one-way flow” in care 

relationships has been criticized by both disability and care researchers as indicating a false 

dichotomy, and does not allow for the potential reciprocity in care relationships where the 

“care-recipient” can give as well as receive help (Kröger, 2009). The use of models which 

consider a bidirectional relationship between carer and cared-for HRQoL, such as actor-

partner interdependence models (Han et al, 2021) or multilevel models with asymmetrical 

fixed-effects (Han, 2023), should be considered for future research. However, to include 

these in economic evaluation would also require that decision models give more 

consideration to the complexity of the relationship between carer and cared-for. 

4.3 Causal inference methods to estimate the effect of caring on 

EQ-5D using cross-sectional data  

4.3.1 Overview 

I aimed to estimate the effect of caring on EQ-5D in a dataset that collected EQ-5D directly, 

since NICE states a preference for EQ-5D to measure carer’s HRQoL (National Institute for 

Health and Care Excellence, 2022). This made use of an existing dataset that collected EQ-

5D for a UK population and included questions about whether the respondent provided 

unpaid care to someone inside or outside their household, and how many hours per week 

(Hernández Alava et al, 2022)  

This was a cross-sectional study: participants were only surveyed once. This meant I did not 

have data on how carers’ HRQoL changed as their caring responsibilities changed, and I 

could not use the panel data analysis methods that I used in analysing UKHLS (Pennington 

et al, 2025b). This therefore required other methods to adjust for selection bias (people who 



68 
 

become carers may differ from people who do not become carers and these differences may 

also affect HRQoL), and so I used inverse probability weighting (IPW) to adjust for potential 

confounders to estimate the average treatment effect on the treated (ATT) where the 

treatment was providing unpaid care at differing hours per week. I adjusted for all the 

potential confounders for which data was available: age, sex, family status, education, and 

diagnosis of a health condition. The survey did not contain information on the care-recipient, 

so it was not possible to disentangle the family and caregiving effects, as I did in analysing 

UKHLS (Pennington et al, 2025b). 

The survey asked participants to complete both 3L and 5L. At the time of writing, the UK 

value set for 5L was not publicly available, but a mapping was available to map 5L 

responses to 3L scores (Hernandez-Alava & Pudney, 2022). I analysed the effect of caring 

on 3L, and on 5L mapped to 3L. When the 5L value set becomes available, I intend to 

analyse the effect of caring on 5L and compare the ATT for 3L and 5L.  

The ATT for 3L was statistically significant and negative for all weekly hours of care above 0-

4 hours per week. The ATT for 5L mapped to 3L was statistically significant and negative for 

all weekly hours of care above 0-4 hours per week except for the “don’t know” category. The 

effect sizes for 3L were approximately -0.09 for caring 5-9 hours per week, -0.12 for caring 

10-49 hours per week and -0.19 for caring 50+ hours per week. The effect sizes for 5L 

mapped to 3L were smaller: approximately -0.06 for caring 5-9 hours per week, -0.10 for 

caring 10-49 hours per week and -0.14 for caring 50+ hours per week. The difference in 

effect sizes between 3L and 5L mapped to 3L was partly explained by differences in the 

probability of participants reporting full health. Non-carers were more likely to report full 

health than carers using 3L and 5L, but non-carers were more likely to report full health 

using 3L than 5L. The relative difference between the proportion of carers and non-carers 

reporting full health was therefore bigger using 3L than 5L. 

In a scenario analysis considering only people who provided unpaid care within their own 

household, the ATT increased in size and was statistically significant across all weekly hours 

including 0-4. Effect sizes broadly increased as the volume of caring increased, up to -0.25 

for 50+ hours for 3L and -0.18 for 5L mapped to 3L. 

4.3.2 Discussion 

I found that unpaid caring above 4 hours per week was associated with a significant negative 

effect on EQ-5D-3L and 5L mapped to 3L. This negative effect was larger for higher weekly 

volumes of care, most notably 50+ hours per week. My finding is largely consistent with the 

literature suggesting that caring negatively affects HRQoL (Wittenberg et al, 2019), caring 



69 
 

has a greater impact above 50 hours per week (Carers UK., 2023), and EQ-5D disutilties 

from caring are around -0.1 (Theakston & Mott, 2025).  

While I have shown that carers have lower EQ-5D than non-carers, the analysis is still 

subject to selection bias and does not prove that caring leads to worse HRQoL. I adjusted 

for all potential confounders that were recorded in the dataset, but there may be other 

unobserved differences between carers and non-carers, that I could not adjust for. My 

analysis also assumes that the IPW model is correctly specified. I considered that doubly 

robust methods which would also have used outcome regression (OR) and only required 

either the OR or IPW to be correctly specified were not appropriate for modelling EQ-5D 

since we know that EQ-5D scores are bounded and its distribution has characteristics that 

are not easily accommodated with a linear regression. A further limitation is that there is no 

information provided on the person being cared for – this means that the caregiving and 

family effects are combined into a single estimate, and it is unclear how generalisable this 

evidence is to other populations. However, it adds to the body of evidence suggesting caring 

negatively affects HRQoL and provides estimates that can be used in economic models.   

4.4 Conclusion  

The two analyses reported in this chapter indicate that there is generally a detrimental effect 

of caring on HRQoL, as measured by SF-6D and EQ-5D. Despite drawing on different data 

sources, applying different methods and using different HRQoL measures, they both reach 

the same conclusion: even after controlling for potential confounders, carers have 

statistically significantly worse HRQoL than non-carers. The effect of caring is multi-

dimensional, affecting multiple domains of HRQoL.  

The two analyses have different strengths and limitations. One analyses a rich source of 

longitudinal data on patient-carer dyads and so reports separately the family and caregiving 

effects but relies on a mapping to convert SF-12 to SF-6D. The other uses EQ-5D and a 

larger sample (of carers and non-carers) but does not report information about the care-

recipient and is limited in its cross-sectional design. I anticipate that both could be useful for 

informing economic evaluation, depending on the priorities of the decision-maker.  

Both analyses are for UK populations: while these may be ideally suited for use in economic 

evaluations for NICE, they may have limited transferability to other countries. This will be 

particularly the case where formal care provision and cultural expectations differ. 

Now that I have established that caring does indeed have a detrimental effect on HRQoL, 

the next step is to consider exactly how this can be captured in economic evaluation. This 

will involve examination of existing models, and consideration of the family and caregiving 
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effects captured in the analysis of patient-carer dyads demonstrated in my analysis of 

UKHLS (Pennington et al, 2025b). 
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5 Methods for modelling patient and carers’ HRQoL  

5.1 Introduction 

In Chapter 4, I demonstrated that unpaid/informal caring has a causal impact on HRQoL. 

Where interventions impact carers’ HRQoL as well as patient’s HRQoL, it is therefore 

important to model the change in carers’ HRQoL to ensure that all relevant outcomes are 

included, so that population health can be maximised. Chapter 4 further provided results that 

can be used in modelling carers’ HRQoL. This chapter now focusses on how economic 

evaluation can include carers’ HRQoL, discussing the current methods and proposing a new 

approach. 

As discussed in Section 2.7, the two most commonly used approaches are the “(absolute) 

utility” approach which includes carer’s QALY until the patient dies, and the “disutility” 

approach which includes a QALY loss for carers until the patient dies. The “(absolute) utility” 

approach may be interpreted as implicitly assuming that patient death has an entirely 

negative impact on carers’ HRQoL since the carer utility then becomes 0 and equivalent to 

death. The “disutility” approach may be interpreted as implicitly assuming that patient death 

has a wholly positive impact on carers’ HRQoL since the carer disutility becomes 0, implying 

that carer’s utility returns immediately to that of the general population. (In reality, these 

interpretations are somewhat nuanced, since there is also a case to be made for considering 

whether the impacts on carers are considered “relevant” after the patient dies, and in terms 

of the value placed on active or bereaved carers). One proposed solution to the carer QALY 

trap (whereby interventions that lead to extended patient survival lead to carer QALY losses, 

as per the “disutility” approach) is to also include a “bereavement effect” QALY loss for 

carers, after the patient dies (Landfeldt & Sandhu, 2024). If the bereavement effect is the 

same size regardless of when the patient dies, it becomes smaller for life-extending 

treatments due to discounting. Alternatively, the magnitude of the bereavement effect may 

vary depending on when the patient dies – in particular it may be larger where patients die 

as children than as adults.  

This chapter is structured into four sections to help understand current and alternative 

modelling methods, and to consider the implications of including carers’ HRQoL in economic 

evaluations. 

1. To understand whether either the “(absolute) utility” or “disutility” method is 

appropriate, this chapter first explores theories from care research in the context of 

economic evaluation. This considers how care affects both the carer and the care-

recipient and how this aligns with the current methods for including carers’ HRQoL in 
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economic evaluation. This section concludes that methods for modelling carers’ 

HRQoL must recognise the complexities of caring relationships.  

2. The second section considers empirical evidence on how bereavement affects 

carers’ HRQoL, to understand if there is any evidence to support either the 

implication that carers’ HRQoL becomes 0 or is severely detrimentally impacted after 

the patient dies (as per the “(absolute) utility” approach), or that carers’ HRQoL 

immediately returns to pre-caring levels after the patient dies (as per the “disutility” 

approach). This section concludes that there is little evidence to support a sustained 

bereavement effect for carers and concludes that incorporating a bereavement effect 

will not solve the challenges in modelling carers’ HRQoL. 

3. In the third section, I propose and describe a new approach for modelling carers’ 

HRQoL, drawing on my research into the family and caregiving effects (in Section 

4.2). This approach aims to better capture the complexity of caring relationships, and 

to separate out the effects of bereavement on the family effect (which may be 

negative, due to grief when someone the carer cares about dies, as per the 

“(absolute) utility” approach) and the caregiving effect (which may be positive, due to 

removal of the HRQoL loss due to the burden of caregiving, as per the “disutility” 

approach). This section discusses the theory and applies the approach to three case 

studies. 

4. The fourth section considers whether explicitly modelling carers’ HRQoL in some 

economic evaluations for specific interventions has implications for decision-making 

since displaced interventions may also have had carers’ HRQoL impacts which were 

not explicitly considered. This includes a discussion of the arguments for and against 

considering displaced carers’ HRQoL from the literature, and how and whether this 

should be considered in the context of my new approach proposed in the third 

section.  

Taken in its entirety, this chapter provides a comprehensive overview of the rationale, 

methods and implications of including carers’ HRQoL in economic evaluation.  

5.2 Why is it so challenging to include carers’ HRQoL in economic 

evaluation?  

5.2.1 Current approaches to modelling carers’ HRQoL 

The current approaches for modelling carers’ HRQoL, described in Section 2.7, include the 

“disutility” approach (including a negative impact on carers’ HRQoL as long as the patient is 

alive), “(absolute) utility” approach (including carer utilities as long as the patient is alive), 

“incremental approach” (including an incremental carer utility/disutility relative to a baseline 
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health state) and “multipliers” (estimating carer QALY gains as function of patient QALY 

gains). All approaches make assumptions about how carers’ HRQoL changes in response to 

patients’ HRQoL changes and following the patient’s death, and each has limitations. The 

challenges in including carers’ HRQoL are not merely technical or mathematical but are at 

least partly due to fundamental differences in research into economics and research into 

care. In this section, I first discuss the differences underpinning the “ethic of care” and the 

“ethic of justice” to understand why it is difficult to incorporate care into economics. Next, I 

discuss the importance of considering “interdependence” in the context of the relationship 

between patients and carers. Then, I discuss why care has a negative effect on the carer (as 

per the “disutility” approach and identified in the evidence in Chapter 3 and Chapter 4). 

Finally, I consider whether we need to combine patient and carers’ HRQoL.  

5.2.2 Ethic of care 

Economic evaluation and care theory have different roots. Economic evaluation is rooted in 

the “ethic of justice” and the idea that resources should be distributed fairly such that 

everyone can be treated equitably, which requires consideration of opportunity cost and 

cost-effectiveness (Charlton, 2022; Cookson, 2015). This is rooted in the idea of 

individualism, that everyone is a utility-maximiser. In the specific context of health 

economics, this assumes that everyone affected by HTA decision-makers is motivated solely 

to maximise their own QALY gain.  

By contrast, the “ethic of care” acknowledges that when people make decisions about 

themselves and other people, there may be conflicting outcomes (Gilligan, 1993). The 

stages (rectangles) and transition periods (thought bubbles) depict the decision-making 

process in Figure 5. 
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Figure 5: Ethic of care 

When we consider the current methods of modelling carer’s HRQoL in the context of the 

ethic of care, and with the assumption that providing care negatively affects the carers’ 

HRQoL, the “disutility approach” where carers’ HRQoL improves after the patient dies 

appears to fit within the first stage. Carers deciding about a life-extending treatment for the 

person they care for would be assumed to prefer the patient did not receive the treatment 

since the prolonged period of care is detrimental to their own QALYs. Stage 2 could be seen 

to represent either entirely excluding carer HRQoL from economic evaluation (only including 

impacts on the patient), or the “(absolute) utility” approach where carers’ QALYs are only 

legitimate (included in analysis) as long as the patient is alive. The third stage, whereby 

carer and care-recipient are interdependent such that caring enhances the carer and care-

recipient, has yet to be established.  

5.2.3 Independence and interdependence 

Previous research has discussed the challenges of reconciling disability studies (which focus 

on independence and the needs of disabled) with care research (which emphasises the 

interdependence between people) (Kröger, 2009). Patient-focussed health economics can 

be considered analogous to disability studies, and the importance of independence within 

this stream of research is emphasised by the questions in the commonly used HRQoL 

measures: EQ-5D asks respondents about problems in washing and dressing, usual 
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activities, and mobility, and assumes that fewer problems and increased independence is 

always preferable to requiring support. SF-6D similarly includes multiple domains relating to 

functioning and what the person can “do”. Even capability focussed measures like the ICE-

CAP A include a question about independence (University of Bristol., 2025). 

Research into unpaid carers within health economics has focussed on the effect that caring 

has on the carer, and not on the care-recipient. This unidirectional flow has been discussed 

in Section 4.2.2. However, it is also unclear to what extent measures of HRQoL would 

identify the effect of caring on the care-recipient, for example the questions in EQ-5D do not 

specify whether the respondent has problems in the specific domains without assistance, or 

when considering support from informal carers. 

Methods for including carers’ HRQoL in economic evaluation have so far assumed that the 

effect of caring is either entirely negative (as in the “disutility” approach) or entirely positive 

(as in the “(absolute) utility” approach and excluding carers beyond patient death). 

Consideration of the interdependence between patients and carers may include recognition 

that the relationship between patient and carer HRQoL is complex and can have positive 

and negative components. 

5.2.4 Does care benefit the carer?  

The third phase of the ethic of care whereby care benefits the carers is at odds with the 

evidence in Chapter 3 and Chapter 4 where caring negatively affects HRQoL. If this is the 

case, then perhaps this should be interpreted as a critique of the societies that have made it 

impossible for unpaid carers to maximise their own utility. In her essays on caring for her 

disabled daughter, philosopher Eva Feder Kittay describes a concept of “doulia”, in which 

care is provided for carers, since advocating for better care for patients must necessarily 

require better care for carers too (Kittay, 2001). The challenges unpaid carers face are well 

documented (Carers UK., 2024) and better support to address these could include financial 

support, support to stay in employment, provision of respite care or better access to support 

for mental and physical health.  

5.2.5 Do we need to combine patient and carer HRQoL? 

Given the different roots and concepts underlying economics and care, it is not surprising 

that combining them has caused challenges. Rummery notes that: 

 “Attempts to codify care and bring it within the public domain of ‘justice’ run the risk of 

divorcing it from its ethical and emotional roots” (Rummery & Fine, 2012) 

One alternative to attempting to model the interdependence of patient and carers is Frye’s 

“loving eye” (Frye, 1983). Frye posed this as an alternative to the “arrogant eye” in which an 
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oppressor sees the oppressed only in relation to themselves. The relative roles of patient 

and carer are oppressor and oppressed are not important here, the important concept is that 

the two parties are separate. Under the “loving eye”, 

• The carer’s own interests are not denied. 

• The carer and patient are separate. 

• The carer and patient have different interests which are not blended. 

• The patient and carer are independent of each other. 

• The carer does not try to fit the patient’s interests into their own world view or simplify 

them. 

This approach may support reporting patient and carer QALYs separately and not 

aggregating them. While this is tempting because it does not require us to make any trade-

offs between patients and carers, it does not help decision-makers maximise outcomes for 

society.  

5.2.6 Conclusion 

Caring is a complex subject, in which carers cannot always be assumed to be either utility-

maximisers or entirely altruistic. The relationship between carers, the person they care for 

and their HRQoL is therefore also complex and its application in economic evaluation 

warrants careful consideration. Methods to include carer HRQoL in economic modelling 

must recognise the complexities of these relationships.  

5.3 Effect of bereavement on carers’ HRQoL 

5.3.1 Overview 

This analysis aimed to address the evidence gap of how carers’ HRQL changes when the 

person they cared for died. This is important in understanding whether the assumptions that 

carer HRQoL returns to full health (as per the “disutility” approach) or that carer HRQoL 

becomes equivalent to death (as in the “(absolute) utility” approach) are reasonable. This is 

also an important concept in understanding the appropriate time horizon for modelling 

carers’ health outcomes, as highlighted in the Spillovers in Health Economic Evaluation and 

Research (SHEER)Taskforce Recommendation 4:  

“Family and caregiver health spillovers should be measured over a time horizon sufficient to 

capture all relevant impacts of the health condition(s)/intervention(s), including the full impact 

of caregiving duties, bereavement, or both…” (Henry et al, 2024) 

Inclusion of a HRQoL detriment following bereavement has also been suggested as a 

solution to the carer QALY trap (Landfeldt & Sandhu, 2024), and has been considered in 
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some NICE appraisals (National Institute for Health and Care Excellence, 2018b; National 

Institute for Health and Care Excellence, 2021).  

My analysis made use of the longitudinal household study design in Understanding Society, 

which naturally captures the HRQoL of bereaved household members, and also records 

where co-residents were caring for each other (Pennington et al, 2025a). One of the 

arguments against including the effect of bereavement on HRQoL in economic evaluation is 

that people are bereaved when loved ones die in all circumstances, regardless of whether 

they were caring for the deceased. I therefore wanted to consider the HRQoL effects of 

bereavement on carers, and on people whose family member died but they were not caring 

for them.  

I conducted separate analyses for carers and non-carers, and in each case used DID to 

compare people who became bereaved to people who did not become bereaved. It was 

important to compare against people who did not become bereaved since HRQoL may 

change for other reasons, such as ageing. 

I wanted to be able to include all bereavements (and comparisons) across the 12 waves of 

data that were available (Wave 13 could not be analysed for this purpose since it could not 

report the variable of whether the person was bereaved by the next wave), with 

bereavement events happening each year. However, it was important to be able to make 

comparisons between people who were bereaved and people who were not bereaved within 

any given wave, since there are other time-specific factors that could influence people’s 

HRQoL trajectories (for example covid, recessions, changes in government). I also wanted 

to consider multiple time periods to study HRQoL trajectories following bereavement (rather 

than only in the first year after bereavement). To account for these factors, I used Callaway 

and Sant’Anna’s method for DID with multiple time periods and variation in treatment timing 

(Callaway & Sant’Anna, 2021).  

I used the doubly robust approach, combining OR and IPW to adjust for potential 

confounders: age, sex, educational qualification, household income and presence of long-

standing illness. I assumed conditional parallel trends, and while I could not formally test for 

these, analysis of the HRQoL trajectories pre-bereavement suggested they were 

reasonable, and there was no reason to believe people could select into bereavement. I also 

assumed limited treatment anticipation – while this is a standard assumption in DID, it was 

debatable in the context of “anticipatory grief”, which was suggested to apply to carers more 

than non-carers (Schulz, 2008). In my analysis, I found a very small but statistically 

significant SF-6D loss for bereaved carers compared to non-bereaved carers in the year 

before bereavement (-0.00762), whereas this was not significant for non-carers. Comparison 
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of SF-6D changes for co-resident non-carers suggested that the HRQoL loss prior to 

bereavement for carers was at least partially due to anticipatory grief, as well as an 

increased caregiving burden.   

I found a statistically significant HRQoL loss in the year immediately following bereavement 

for both bereaved carers (compared to non-bereaved carers or non-bereaved non-carers) 

and bereaved non-carers (compared to non-bereaved non-carers). I did not formally 

compare the two groups – while methods for Difference-in-Difference-in-Differences exist 

(DDD), their application in this context is not straightforward, particularly given the differential 

treatment timing and multiple time periods. However, comparison of the two DIDs suggested 

that the short-term effect of bereavement was similar for carers (-0.0283 (95% CI − 0.0432 

to − 0.0134)) and non-carers (-0.0383 (95% CI − 0.0527 to − 0.0239)). In the long-term, the 

effects were not statistically significant, suggesting no lasting impact of bereavement on 

HRQoL. Furthermore, the effect sizes were small, so even if they were applied in economic 

evaluation for bereaved carers, the impact on the overall QALYs and cost-effectiveness 

would be small. 

5.3.2 Discussion 

I concluded that there was no evidence of a differential effect of bereavement on HRQoL for 

carers and non-carers, and that the small short-term bereavement effect would have little 

impact if it were included on cost-effectiveness analysis. In my paper I proposed that, 

contrary to suggestions by Landfeldt and colleagues (Landfeldt & Sandhu, 2024), including 

bereavement effects was not the solution to the carer QALY trap. 

In the discussion section of my paper (Pennington et al, 2025a) I compared my findings to 

published literature reporting the HRQoL of bereaved individuals/couples, noting that while 

some did find a significant impact compared to non-bereaved individuals, they were limited 

in their cross-sectional design and comparisons with matched controls or the general 

population. A  cross-sectional study of parents whose child died of Spinal Muscular Atrophy 

(SMA) found that the average SF-6D for people whose child died <5 years ago was 0.64, 

and those whose child died 5-10 years ago was 0.70, and those whose child died >10 years 

ago was 0.73 (Lavelle et al, 2025). These values were lower than age- and sex-matched 

population norms of 0.86, 0.84, and 0.82. While the comparison with population norms is 

challenging as different measures were used (HUI for population norms) and there may be 

other underlying differences, the data do suggest that bereaved parent’s HRQoL is lower 

when the child died more recently. This may support a longer duration of the bereavement 

effect than my study found. These differences may arise because of the nature of the caring 

relationship and the condition: the impact of the death of a child may be very different to the 
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death of a spouse/parent. Theoretically, if interventions were able to extend the life of a child 

such that they did not die in childhood, this bereavement effect may be avoided. But if 

interventions only postponed death by a few years, the only reduction in the bereavement 

effect would be due to discounting. Furthermore, bereavement effects to other family 

members much further into the future are not well researched – for example if the child 

reached adulthood, had a child and then died, there may be a bereavement effect to the 

child of losing a parent. While I recognise that bereavement may have a greater impact on 

HRQoL in some scenarios than identified in my analysis, it seems unlikely that the inclusion 

of a bereavement effect on HRQoL in economic evaluation is the solution to the carer QALY 

trap. I was therefore compelled to explore further how economic evaluation can realistically 

capture both impact of caring on HRQoL, and the impact of life-extending treatments on 

carers.  

5.4 A new approach for modelling carers’ HRQoL 

5.4.1 Overview 

I describe a new approach for including carers’ HRQoL in economic evaluation (Pennington 

et al, 2026). Previous research (see Section 2.6.1) has analysed carers’ HRQoL as a 

function of the HRQoL of the person they care for (the family effect) and the amount of care 

they provide (the caregiving effect), and my own analysis in Section 4.2 estimate these 

effects in longitudinal analysis. My modelling approach uses the concepts and numerical 

estimates of the family and caregiving effects to model carers’ HRQoL in economic 

evaluation. The family effect is positive: as patients’ HRQoL increases, carers’ HRQoL 

increases. The caregiving effect is negative: as the amount of care that carers provide 

increases, carers’ HRQoL decreases. Modelling the two effects separately allows a trade-off 

between the benefits of extending patient survival (applying the positive family effect over a 

longer time) against the negative HRQoL impact of increasing the caregiving burden 

(applying the negative caregiving effect over a longer time). Traditional approaches have 

assumed that the effect of caring is either wholly positive (as in the “(absolute) utility” 

approach) or wholly negative (as in the “disutility” approach).  

The family effect has parallels with the “(absolute) utility” approach, in assuming that carers 

experience HRQoL gains when either the HRQoL of the person they care for improves, or 

when the person they care for lives longer. An important difference is that the family effect 

considers the effect on HRQoL whereas the “(absolute) utility” approach considers the 

carers’ entire HRQoL, including aspects unrelated to caring. The QALYs arising from the 

family effect are therefore expected to be much smaller than those arising from the 

“(absolute) utility” approach.  
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The caregiving effect has parallels with the “disutility” approach, in assuming that carers 

experience HRQoL losses when their caregiving duties increase and that they experience 

gains in HRQoL when they no longer have to provide care. Whereas disutilities capture any 

differences between carers’ HRQoL and the general population due to either the family effect 

or the caregiving effect or other factors unrelated to caring, the caregiving effect isolates the 

specific HRQoL loss due to the burden of caregiving. The QALYs, or indeed QALY losses in 

the case of extended patient survival, from the caregiving effect are therefore expected to be 

much smaller than those arising from the disutility approach. It is hypothetically possible that 

carers actually experience a gain in HRQoL as a result of providing care, once the family 

effect is controlled for – two studies in the review in Chapter 3 supported this (Han et al., 

2021, Han, 2023). In this case, carers would experience a HRQoL gain from providing care. 

However, most evidence suggests a negative HRQoL effect of providing care. 

Interventions that do not affect patient mortality but improve patient morbidity lead to a QALY 

gain for carers through all approaches since: 

• Carer utilities are higher so there are more carer QALYs in the “(absolute) utility” 

approach 

• Carer disutilities are smaller so there are fewer QALY losses in the “disutility” 

approach 

• Patient HRQoL is higher so the family effect leads to gains in carer HRQoL in the 

family effect 

• Carer burden is decreased so the caregiving effects leads to smaller carer HRQoL 

losses in the caregiving effect. 

Interventions that extend patient survival have different implications for carer QALYs in the 

four approaches since: 

• Carer QALYs are included for longer so there are more carer QALYs in the 

“(absolute) utility” approach 

• Carer QALY losses are included for longer so there are fewer carer QALYs in the 

“disutility” approach 

• Patient HRQoL is positive and non-negative for longer leading to gains in carer 

HRQoL in the family effect 

• Carer burden lasts longer leading to more carer HRQoL losses in the caregiving 

approach. 

The current dichotomy of the “(absolute) utility” approach versus the “disutility” approach has 

meant there has been no possibility of trading off the carer QALY gains from increasing 
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patient survival with the carer QALY losses from extending the duration of caregiving. 

Combining the caregiving effect and the family effect allows us to make that trade-off, and to 

make transparent how the carer HRQoL spillovers have arisen. 

In my publication, I apply my new approach, and the “(absolute) utility” and “disutility” 

approaches to three case studies, to explore the feasibility and impact of each approach. I 

chose three case studies of economic evaluations where carers’ HRQoL has often been 

considered relevant, and where sufficient data was available to perform the calculations for 

each approach. The data I required was the time that the modelled patients spent in each 

health state, the carers’ utility values, the patients’ utility values, and a way to estimate the 

family and caregiving effects. I chose two NICE appraisals in rare chronic paediatric 

conditions that have caused controversy due to the carer QALY trap: spinal muscular 

atrophy (SMA) (National Institute for Health and Care Excellence., 2023b) and Duchenne 

Muscular Dystrophy (DMD)(National Institute for Health and Care Excellence., 2023a). The 

documentation for NICE appraisals is thorough and detailed, and in these cases the data 

was unredacted. I chose another case study in a different health condition at the other end of 

the life course: Alzheimer’s Disease. This is an area where there is a wealth of data on 

carers’ HRQoL, and an open-source model was available which provided most of the 

required data (Handels et al, 2024). All of the case studies provided the time patients spent 

in each health state, carers’ and patients’ utility values.  

Ideally, the family effect and caregiving effect would be estimated from a study of patient-

carer dyads as in my analysis (Pennington et al, 2025b). The family effect would be the 

coefficient for patient HRQoL (or change in patient HRQoL) and the caregiving effect would 

relate to a measure of caregiving burden as appropriate for the patient health condition and 

captured within the economic model. However, in the three case studies within the paper, I 

demonstrated how the family effect can be transferred from other data sources and 

combined with carer (dis)utilities to estimate the caregiving effect. The limitation here is the 

assumption that the family effect is generalisable across populations, caregiving 

relationships, and health conditions. Further research is needed to determine whether this is 

true. 

Consideration of the family and caregiving effect is also useful for highlighting potential 

issues or assumptions within the carer utility data. For example, in the DMD case study, 

patient utilities were treatment dependent (lower for comparator than intervention) but carer 

utilities were treatment independent. This could only be true if either the size of the family 

effect differed between treatments or if the caregiving burden was higher for the intervention 

than the comparator. Since this does not seem plausible, it highlights that a treatment that is 
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anticipated to affect patient HRQoL within a given health state should also be expected to 

affect carer HRQoL. This would support using treatment-dependent carer utilities where 

treatment-dependent patient utilities are used. In the SMA case study, the reported carer 

disutility was smaller than the disutility that would be expected from the family effect 

assumed from other studies. This could happen if the family effect had been overestimated 

or if there was a positive effect of caregiving in this population, but neither seem plausible 

given the nature of SMA and the precedents from other health conditions. The more likely 

explanation is that the combination of the patient and carer utility data was not valid – they 

came from two different studies in different populations and used different measures of utility. 

Decomposing carer HRQoL into the family and caregiving effects can therefore highlight 

where there are issues with the underlying data. These issues would apply equally across all 

modelling approaches but are revealed in the family and caregiving effect approach.  

At a public involvement workshop, unpaid carers and representatives of caring organisations 

recognised the limitations with the current methods for modelling carers’ HRQoL and were 

broadly supportive of my new approach. However, they felt that the term “family effect” was 

misleading as it implied this was an effect on all family members beyond the primary carer, 

but we were unable to agree on a better term. They also expressed some concern regarding 

the generalisability of the size of the emotional impact, particularly in transferring the effect 

size between different populations and relationships (for example parent carers of children 

versus spousal carers of older adults) and between chronic and acute conditions. I was 

encouraged that my approach offered something new and is potentially valuable, but that it 

needs further research across conditions and interventions. A full report of the public 

involvement workshop is provided in the Appendix in Chapter 10. 

5.4.2 Discussion  

In my three case studies, the incremental carer HRQoL effects estimated using the family 

and caregiving effect were always positive (intervention leads to a HRQoL benefit for carers) 

but always much smaller than either the incremental patient QALYs or the carer QALYs 

estimated using the (absolute) utility approach.  

However, there may be scenarios in which the negative caregiving effect is larger than the 

family effect, and in this case the carer HRQoL effects from extending patient survival may 

be negative. This may represent the “worst case scenario” discussed by Kröger (Kröger, 

2009), and it may be true that in this scenario, the carers’ HRQoL would genuinely be 

improved by allowing the patient to die. However, this finding will also arise where the total 

caregiver disutility is large, and the family effect has been underestimated. It is therefore 

likely to be valuable to conduct further research to estimate the size of the family effect in 
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specific populations, for example where parents are caring for children with life-limiting 

conditions (such as DMD and SMA) and/or where carers are caring for people with high 

levels of disability. The carer disutility in these scenarios is likely to be somewhat higher than 

in my analysis of patient-carer dyads (Pennington et al, 2025b), or in the literature 

considering family HRQoL related to acute childhood conditions (Al-Janabi et al, 2016c). 

Consideration should also be given to the scenario where the carer utility is lower than the 

patient utility – for example where a young child is first diagnosed with a life-limiting condition 

in the early or mild stages of the disease. In this example, the child’s development may be 

on par with peers who do not have the condition, and they may be unaware of any future 

health impacts. But the parent carer is conscious that the child’s health will deteriorate, and 

already begins to feel the mental or emotional impact of this, even before they need to start 

providing care. In this scenario, if the family effect disutility is calculated as a proportion of 

the patient disutility, then the caregiving effect must be particularly large and negative, for the 

total carer disutility to be larger than the patient disutility. In a more severe health state, the 

patient disutility may be larger than the carer disutility – assuming the same family effect size 

as in the mild state where the carer disutility is larger than the patient disutility implies that 

the caregiving effect must be larger in the milder state. However, the actual burden of 

providing care in the state where the patient health state is mild is expected to be less than 

in the state where the patient health state is severe (the parent does not need to provide 

care until the child’s condition begins to develop). Furthermore, it seems counter-intuitive 

that extending survival in the best patient health state would have a larger negative impact 

on carers’ HRQoL (through the greater caregiving effect) than extending survival in worse 

health states. In this case there may be an argument for including additional effects on the 

caregiver, for example a one-off impact of diagnosis that is applied to intervention and 

comparator in the initial model cycle/time point.  

Attendees at the public involvement workshop questioned whether the family effect would 

apply to the wider family and not just the primary carer. In principle, the family effect could 

apply to individuals who care about the patient but are not actively involved in caregiving. 

Mathematically this would involve multiplying the HRQoL effects resulting from the family 

effect by the number of family members. However, evidence for the family effect stems from 

dyads where carers were actively providing care to the patient at least at one time point, and 

so it is unclear whether the family effect can be applied to non-caregiving family members. 

However, there is evidence that spillovers extend beyond a single close family member but 

with decreasing size. Al Janabi et al found a spillover of 0.18 for the closest family member 

and 0.11 for the second closest family member, and proposed using arithmetic or geometric 

progression to aggregate the spillovers for all family members (resulting in a total spillover 
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effect for the entire family of 0.33 or 0.48) (Al-Janabi et al, 2016c). It may therefore be 

appropriate to reduce the size of the family effect for additional family members, but the 

magnitude of this is unclear without also collecting data on the second closest family 

member.   

It is possible that at least to some extent, the family effect exists within all families or 

relationships, even where one person is not providing care for the other. Conceptually, this is 

because people care about others and their HRQoL will be influenced by that of people they 

care about, even in the absence of a caregiving relationship. Mathematically, the family 

effect, as measured in analyses like mine and those of Bobinac (Bobinac et al, 2010; 2011) 

measures the correlation between the HRQoL of two co-resident people. This may arise 

from either party caring about the other, but it is also feasible that both people’s HRQoL 

changes as a result of factors that apply to both people – for example one household 

member loses their job, or both household members become bereaved, or a recession or 

pandemic happens. In these cases, we would identify a correlation between both people’s 

HRQoL that was not caused by a change in the health or HRQoL of either party. If the family 

effect, as measured in our analyses, exists within non-caring relationships, then it should be 

included in all economic evaluation even where patients do not have unpaid carers. 

However, the family effect, as it has been identified in my research and that of Bobinac 

(Bobinac et al, 2010; 2011), is derived from a population where one person cares for the 

other at some point in time. There is therefore no evidence to support the existence of the 

family effect, or to assume its magnitude is the same, in relationships where neither party 

provides care for the other. Furthermore, it is estimated in models that also consider the 

caregiving effect, and so the two effects should be considered in combination and applied 

only to populations where both are relevant.  

So far, this chapter has discussed methods for including carers’ HRQoL and proposed a new 

approach to do so. The next section considers the implications of including carers’ HRQoL in 

economic evaluation in specific cases, but where there may be carers’ HRQoL benefits from 

other interventions that have not explicitly been considered, and may be displaced in favour 

of funding an intervention where the benefits for patient and carers have been formally 

captured. 

5.5 Displaced carer HRQoL  

5.5.1 Introduction 

If we are to make decisions about healthcare interventions that affect unpaid carers and 

include those specific HRQoL effects to carers, then Al-Janabi, Brouwer and McCabe agree 

that we should at least in theory consider the HRQoL effects resulting from displaced 
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interventions (Al-Janabi et al, 2016b; Brouwer, 2019; McCabe, 2019). All three also agree 

that estimating displaced carer HRQoL effects is challenging, but then disagree about the 

implication of this, with McCabe arguing that this potential bias is a reason to exclude carer 

HRQoL effects from any economic evaluation, and Al-Janabi and Brouwer advocating for 

further research into estimating carer HRQoL effects across interventions to address this.  

5.5.2 Methods to estimate displaced carer HRQoL 

McCabe discusses that to fully understand the evidence base for incorporating carer HRQoL 

effects into economic evaluation requires an atlas on the carer HRQoL burden across the 

spectrum of disease and socioeconomic characteristics. He argues that this would allow 

analysts to determine how the carer HRQoL effects from the new intervention compared to 

the average (McCabe, 2019).  

Brouwer argues that we do not know what gets displaced when we make decisions on 

patient health, and so a lack of knowledge on carer HRQoL effects should provide an 

incentive to learn more about them so that we can better estimate average displaced carer 

HRQoL effects, and that including them in economic evaluation is the best way to learn 

about them. Brouwer advocates for more research into carer HRQoL effects, including 

measurement, valuation and inclusion of this in economic evaluation (Brouwer, 2019).  

Drawing on their research into multipliers to represent the ratio of carer health effects to 

patient health effects discussed in Section 2.7, Al-Janabi et al discuss that if the ratio of carer 

HRQoL effects to patient effects is constant across new and displaced interventions then 

decision-making based on patient health effects alone is sufficient. This would be analogous 

to the family effect existing with the same magnitude across all interventions and the 

caregiving effect being constant and zero (or directly in proportion to patient health and 

therefore already captured in the family effect). Where carer HRQoL effects are not constant 

across the health system (either the family effect, or the caregiving effect, or both varies 

across interventions) then incorporating carer HRQoL effects into the decision-making 

process is essential to maximise health benefits. In order to avoid bias towards new 

interventions which include carers’ HRQoL effects, the HRQoL effects that would have arisen 

from displaced interventions must also be known (Al-Janabi et al, 2016b). 

5.5.3 Displaced carer HRQoL in the context of my research 

The paucity of evidence on how caring affects HRQoL, highlighted in Chapter 3 

demonstrates that we are a long way from completing the “spillover atlas” of carer HRQoL 

effects across health conditions and sociodemographic characteristics. While there is 

evidence for carer HRQoL across conditions, for example the 80 studies identified by 

Wittenberg and colleagues in 2018 (Wittenberg et al, 2019), these do not cover all 
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interventions available in healthcare systems. Instead, they suggest that carer HRQoL has 

been more heavily studied in some health conditions such as Alzheimer’s and other types of 

dementia than in other health conditions. This may be because caring is particularly 

prominent or has a bigger burden in some health conditions than others – this would align 

with the suggestion by Al-Janabi et al that health spillovers are not constant across 

conditions (Al-Janabi et al, 2016b).  

My analysis of UKHLS patient-carer dyads did not differentiate between patient health 

conditions, since the way that this information is recorded in UKHLS means that it does not 

accurately capture current or ongoing health conditions (Pennington et al, 2025b). I 

considered a scenario analysis using the limited information available, which was only 

available for one time point. This meant that patients were defined as either having a 

condition or not having a condition, there was no within-person variability in developing a 

health condition. I therefore used a random effects model to consider the variability between 

groups, rather than the fixed effects model used in the base case analysis. This scenario 

suggested carers had statistically significantly lower SF-6D scores only where the patient 

was diagnosed with asthma, and higher SF-6D scores where the patient was diagnosed with 

chronic heart failure (other non-statistically significant health conditions were arthritis, 

coronary heart disease, angina, myocardial infarction, stroke, emphysema, bronchitis, 

hyperthyroid, hypothyroid, liver condition, cancer, diabetes, epilepsy, hypertension, multiple 

sclerosis and HIV). I did not consider that this was particularly convincing evidence that 

carers’ HRQoL differed by patient health condition, but I also did not consider it particularly 

robust given the format of the questions and typically low number of people for each health 

condition. It did not consider the severity of the condition (although this may be related to 

hours of care) or whether the diagnosed condition was the reason that the carer was caring 

for the patient.  

If the family effect is generalisable across health conditions (and the non-significance of 

specific health conditions is an artefact of the data), then it may be possible to use the family 

effect as a multiplier/ratio, as proposed by Al-Janabi et al (Al-Janabi et al, 2016b). Excluding 

the caregiving effect from the analysis, I found a family effect of 0.109, which would suggest 

a ratio of 1.109 for total patient and carer health effects relative to patient health effects only. 

If we assumed that this was applicable to all health conditions, and that the population 

studied in my analysis was generalisable, in that most people with a health condition will 

receive care from a household member at some point, then we could use this ratio to adjust 

(reduce) the decision-making threshold. If the threshold was £20,000/QALY, this would 

become approximately £18,000/QALY (£20,000 divided by 1.109)  However, if this ratio was 

the same across all new interventions too, then as noted by Al-Janabi et al, the decision-
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making process would be exactly the same as if carer HRQL effects had been excluded from 

both new and displaced interventions (since an intervention which had an ICER of 

£20,000/QALY including only patient health effects would have an ICER of £18,000/QALY 

when additionally including carer health effects, using the same ratio) (Al-Janabi et al, 

2016b). 

Including only the family effect, either for new or displaced interventions, assumes that 

carers’ HRQoL can be entirely predicted by patient’s HRQoL. Evidence suggests that this is 

not true: Al-Janabi et al identified six mechanisms that affect carer’s wellbeing and patient 

health is only one of them (Al-Janabi et al, 2019) and my own analysis found the duration of 

care and volume of care were statistically significant in addition to the family effect 

(Pennington et al, 2025b).  

It may be tempting to assume that the family effect applies across all new and displaced 

interventions, but that the caregiving effect is an additional consideration in some specific 

new interventions. In this case, we could either adjust the threshold by the ratio of total 

health effects relative to patient health effects (for example reducing it to £18,000/QALY) and 

include the family effect in all new ICER calculations, or we could equivalently leave the 

threshold unchanged and exclude the family effect from all new interventions. In either case, 

we could include the additional caregiving effect for specific interventions where it was 

considered relevant. However, if we did this, assuming the detrimental impact of caregiving 

on HRQoL, then we would effectively be using a smaller version of the disutility approach. 

The implication would be that life-extending treatments would negatively impact carers’ 

HRQoL, and the challenges associated with this have been discussed in Section 2.7 and 

Section 5.2.1. 

The importance of accounting for displaced carer HRQoL effects depends on the magnitude 

of these likely effects: clearly if they are expected to be large then the impact of not 

considering them will be greater. My case studies considered three conditions where carers’ 

HRQoL was believed to be particularly relevant, but under my proposed approach, the carer 

QALY effects were less than 12% of the patient QALYs, suggesting that while the impact is 

not negligible, carer HRQoL contributes much less to decision-making than patient HRQoL 

(Pennington et al, 2026). It is also important to consider whether displaced interventions are 

likely to have spillover effects on carers. Carer HRQoL effects were only considered in <5% 

of NICE Technology Appraisals to date, suggesting that they are not commonly considered 

relevant (Kanters et al, 2024). Furthermore, they were typically focused on specific disease 

areas such as dementia and multiple sclerosis, which, to the best of my knowledge do not 

account for the majority of NHS expenditure on prescribing. The NHS programme budgeting 
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categories for 2023/24 indicate that the biggest area of spending is endocrine disorders 

(24.26% total) with diabetes contributing 13.95%, circulation disorders (16.42%), respiratory 

disorders (12.29%) and gastrointestinal disorders (11.5%) (NHS Business Services 

Authority., 2025). With the possible exception of stroke, these disease areas are not the 

same as disease areas where there is evidence for particularly large carer HRQoL effects 

(Wittenberg et al, 2019). Neurological disorders, musculoskeletal conditions and mental 

health conditions which are typically expected to have greater carer HRQoL effects are 

associated with much lower NHS spending (5.50%, 2.73% and 6.03% respectively). 

Considering all of this evidence together suggests that relatively few currently funded 

interventions would have an impact on carers’ HRQoL, and the impact of including carers’ 

HRQoL would be relatively small. Furthermore, HTA bodies such as NICE have not 

demonstrated any precedent for adjusting the threshold when evidence suggests it may not 

reflect the true value of displaced interventions (Claxton et al, 2015; Lomas et al, 2019; Naci 

et al, 2025), and while their manual permits committees to consider an increased threshold 

to account for additional factors such as severity, uncaptured benefits and equality, it has not 

stated that these same factors should be considered for displaced interventions (National 

Institute for Health and Care Excellence, 2022).  

The inclusion of carer HRQoL effects is much more common within NICE’s highly 

specialised technologies programme (67%) (Kanters et al, 2024), which may indicate that 

they may be expected as standard for these interventions, in which case should be 

considered for displaced interventions, but these use a different decision-making process 

and cost-effectiveness threshold so should be considered separately. If all interventions 

assessed by the HST process are expected to have carer HRQoL effects then the threshold 

should perhaps be adjusted to reflect this, but the origins of this threshold are unclear 

(National Institute for Health and Care Excellence, 2022). 

5.6 Conclusion 

It is important to include carer HRQoL effects in economic evaluation to reflect the outcomes 

of all affected individuals, but doing so is challenging. This is partly due to the disconnect in 

theories underlying economics and care, and partly due to the way that carer HRQoL has 

been conceptualised in economic evaluation to date. The “(absolute) utility” approach 

assumes that extending the duration of care positively affects carer QALYs, whereas the 

“disutility” approach assumes that caring can only ever negatively affect carer QALYs. My 

new proposed approach offers a trade-off between the HRQoL gains to carers from 

extending the life of the person they care for, and the negative HRQoL impact of increasing 

the caregiving burden. I propose using my new approach for new interventions and 

recognise that while displaced carer HRQoL effects are relevant, the impact is likely to be 



89 
 

small and we can learn more about displaced carer HRQoL effects by embedding methods 

for including carer HRQoL in new economic evaluations.  
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6 Discussion and Conclusions 

6.1 Introduction 

This thesis aimed to understand how economic evaluation currently includes carers’ HRQoL, 

review the current evidence for the effect of caring on HRQoL, analyse the effect of caring 

on HRQoL, and develop methods for including the effect of caring on HRQoL in economic 

evaluation. Existing evidence suggested that carers have worse HRQoL than non-carers. My 

research was motivated by theory and an evidence base suggesting that patient health 

interventions had the potential to improve carers’ HRQoL and aimed to address weaknesses 

that limited the application of existing evidence within economic evaluation.  

My thesis included a background on the context for including cares’ HRQoL in economic 

evaluation, exploration of care theory, a literature review, econometric analysis, review and 

development of modelling methods and consideration of implications. This chapter reflects 

on my research, outlines the relationships among the chapters, and discusses the 

implications for further research.  

6.2 Key findings 

The literature suggests that, on average, carers do have worse HRQoL than might be 

expected of the general population. Generally, there is evidence of a causal negative impact 

of caring on health and wellbeing outcomes, particularly relating to mental health, but much 

less evidence that caring causes a detrimental impact specifically on HRQoL. This is 

important when considering its application and potential impact in economic evaluation, 

where it will be assumed that changing the patient’s HRQoL or amount of informal care 

required will directly impact carers’ HRQoL. 

Care theory, and the more sophisticated econometric models used to analyse longitudinal 

data on carers’ health/wellbeing, demonstrate the complexity of the relationship between 

caring and health/wellbeing outcomes. Some studies found that while living with a person in 

ill-health lead to worse health/wellbeing outcomes, the act of providing care mitigated some 

of these negative effects. It is important to allow for both positive and negative relationships 

between care and wellbeing, and to consider separating the effect of providing care 

(“caregiving effect”) from the effect of living with or caring about a person in ill health (“family 

effect”). 

My analysis of SF-6D from UKHLS, with its longitudinal design and wealth of information of 

patients and carers, found that the weekly volume of care was less impactful than the 

duration of care (years), and that there was also a statistically significant relationship 

between changes in patients’ and carers’ HRQoL (family effect). The use of longitudinal 
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analysis to identify a causal effect strengthens the evidence base and supports the 

conceptual arguments that there are causal negative impacts of both increased care 

duration and patients’ HRQoL on carers’ HRQoL. My analysis indicated that interventions 

that either reduce the delay the onset of unpaid care (or decreased its duration) or improve 

patients’ HRQoL could also improve carers’ HRQoL. This provides a rationale and data for 

including carers’ HRQoL in economic evaluation with more flexibility to relate carers’ HRQoL 

to changes in provision of care and patients’ HRQoL.  

My analysis of EQ-5D from a cross-sectional study confirms the findings of the longitudinal 

analysis, providing evidence that caring has a negative impact on NICE’s preferred measure 

of HRQoL. This analysis found that there is a detrimental impact of caring on HRQoL, and 

that higher volumes of caring lead to statistically significantly worse HRQoL, even after 

adjusting for confounders. This analysis demonstrates that it is possible to identify a causal 

impact of caring from cross-sectional data and provides EQ-5D specific HRQoL decrements 

that can be applied in economic models to link the volume of unpaid care to carers’ HRQoL.  

The current methods for modelling carers’ HRQoL in economic evaluations impose 

restrictions that the impact of caring on HRQoL must either be entirely positive (the 

“(absolute) utility” and “multiplier” approaches) or entirely negative (the “disutility” approach). 

These do not reflect the complexity of care, and neither are fully aligned with carers’ 

experiences. There had been suggestions in the literature that inclusion of a “bereavement 

effect” could solve some of the problems related to modelling carers’ HRQoL, if the carer 

disutility following bereavement were sufficiently large to mitigate increase in utility from no 

longer providing unpaid care. My analysis of the relationship between caring, bereavement 

and HRQoL suggested that bereavement has a small, short-term impact on HRQoL, and 

that the effect was similar for people who were or were not caring for the person who died. 

Inclusion of a bereavement effect was therefore unlikely to be a perfect solution of modelling 

carers’ HRQoL.    

Inspired by my findings in the longitudinal analysis that both the family and caregiving effects 

have a causal impact on HRQoL, I developed a new approach for modelling the impact of 

caring on HRQoL. My new approach considers the impact of caring on HRQoL via the family 

and caregiving effects and therefore allows a trade-off between the positive and negative 

impacts of caring. This is rooted in the concepts of care theory and can be included in 

economic evaluation using existing data and refined through further data collection. This 

approach does not impose restrictions on the direction of effect of caring on HRQoL, 

allowing the relationship between caring and HRQoL to vary across health states and over 

time.  
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6.3 Interpretation of findings 

It is impossible to consider the combination of the care theory, existing evidence, my 

econometric analysis, and the different modelling methods, without concluding that the 

relationship between caring and HRQoL is complex. This is true not only in terms of 

identifying predictors of changes in carers’ HRQoL, but also in terms of what is important to 

carers in their caring relationships.  

While my econometric models find that there is a relationship between patients’ HRQoL and 

carers’ HRQoL, and between the volume or duration of care provided, these should not be 

interpreted as representing the totality of determinants of carers’ HRQoL. Rather, they 

demonstrate that carers’ HRQoL is influenced by many factors related to their caring 

relationships and responsibilities.  

There is a real danger of oversimplifying the quantitative evidence and people’s experiences 

and concluding that caring can only ever negatively affect HRQoL. It is essential to 

appreciate that caring relationships and experiences are multifaceted to be able to interpret 

the totality of the evidence base and to reflect this in economic evaluation. Reducing the 

effect of caring to a one-directional impact on HRQoL has caused problems in economic 

evaluation, which cannot be solved without fully appreciating the complexities inherent within 

caregiving relationships. My analysis of the relationship between bereavement and HRQoL 

refutes the suggestion that inclusion of a bereavement effect solves these problems. 

6.4 My findings in the context of published literature 

My research supports the view that caring impacts HRQoL and makes a difference to ICERs 

when included in economic evaluation. My estimates of the causal effect of caring on utility 

are consistent with published evidence, as is the size of the family effect identified in my 

longitudinal evidence.  

My analyses add to the existing body of literature and provide evidence of a causal 

relationship between caring and HRQoL. The UKHLS analysis is unique in its longitudinal 

dyadic analysis and lends support to the idea that changing patient’s HRQoL can change 

carers’ HRQoL. The UKHLS analysis provides numerical estimates that can be applied in an 

economic evaluation where the patient HRQoL and duration of caregiving are known. The 

family effect estimate can be multiplied by the patients’ HRQoL in any economic evaluation 

to calculate the family HRQoL effect on the carer, and the disutility that can be applied for 

each additional year of caring. These can be applied in any health condition where adult 

carers are providing care to adult patients. This offers flexibility beyond the currently 

available estimates from the literature which are specific to patient health states. 
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The analysis of EQ-5D provides estimates of the causal impact of caring at different volumes 

on HRQoL using NICE’s preferred measure in a UK sample. These estimates have a higher 

level of granularity than is commonly seen in the literature (for example, carer versus non-

carer) and the disutilities can be readily applied in economic models where the volume of 

unpaid care provided is known or can be estimated. This offers a source of carer HRQoL 

disutilities that conform to NICE’s reference case and can be consistently applied across 

evaluations.   

My proposed modelling method and associated data challenge the size of the difference that 

including carers’ HRQoL makes to results and decisions about cost-effectiveness: I find a 

much smaller change in ICERs when carers’ HRQoL is included using my approach. 

However, my proposed approach is consistent with theory that care is complex, and that 

decision-making is not straightforward: it does not imply that carers must choose between 

maximising either their own utility or that of the care-recipient. While there has been much 

discussion in the literature about the need for guidance on modelling methods, there has 

been little discussion on the relative merits of different approaches or how to design a new 

approach that overcomes existing challenges. By taking a step outside of HTA and looking at 

economic evaluation from the perspective of care theory, I have been able to develop an 

approach that provides new insight into modelling the relationship between caring and 

HRQoL.   

6.5 Limitations 

This thesis is subject to the limitations associated with the HRQoL measures, as well as the 

application of the cost-utility analysis framework in this context. I used EQ-5D where 

possible and another generic preference-based measure of health (SF-6D), consistent with 

NICE’s stated preferences for measuring and valuing the HRQoL of carers (National Institute 

for Health and Care Excellence, 2022), but carer-specific instruments may be more sensitive 

to capturing HRQoL outcomes for carers (McLoughlin et al, 2020). Furthermore, there are 

many other effects of caring that are not captured when only considering HRQoL impacts to 

carers (for example the financial impact of caring) (Carers UK., 2024).  

The review of the evidence aimed to be comprehensive whilst also taking a pragmatic 

approach but was not a fully systematic literature review and may therefore have missed 

some relevant papers. I consider it is unlikely that anything transformational was not 

identified, but there may be other studies that add to the body of evidence that have been 

omitted.  

The analyses were both associated with limitations, primarily due to the availability of the 

data. Richer data on specific health conditions would have improved the UKHLS longitudinal 
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analysis and enabled consideration of the generalisability of the family and caregiving effects 

between patient disease areas. The cross-sectional EQ-5D analysis was limited by only 

studying the carer and not care-recipient, and at one point in time only. However, I used the 

best available methods to address these, including extensive sensitivity analyses. 

The application of my new method for modelling carers’ HRQoL in economic evaluation was 

limited to three case studies as it required information on patient and carer utilities and the 

time spent in each modelled health state (disaggregated life years). Disaggregated life years 

are not routinely reported in published economic evaluations and are often redacted in NICE 

submissions, which restricted the case studies I could access. They may therefore not 

necessarily be the optimal case studies but were chosen pragmatically and to represent a 

range of disease areas.  

6.6 Future research 

I have demonstrated that analyses of the relationship between caring and HRQoL need to 

consider patient HRQoL and different aspects of caregiving responsibilities and developed a 

method for using such data in economic evaluation. The challenge now is in generating this 

evidence across different conditions and contexts, or in determining transferability.  

Ideally, every economic evaluation that includes carers would be informed by longitudinal 

analysis of carers’ HRQoL, related to the patients’ HRQoL and specific aspects of caregiving 

related to that intervention. This data would come from longitudinal dyadic studies which 

measure a range of variables and ideally also consider the HRQoL of family members who 

do not actively provide care. However, this is unlikely to be feasible for every economic 

evaluation, and so instead I suggest prioritising research that can be transferred between 

economic evaluations where data is currently sparse.   

Specifically, future research should consider analysis of patient-carer dyads in conditions 

and relationships under-represented in my analyses, for example parent carers of children 

with chronic conditions. This will help determine whether the family effect is transferable 

between different conditions, whether there are additional drivers of caregiving effect in 

different scenarios, and whether the caregiving effect ever mitigates the family effect (has a 

positive effect) as suggested by some of the literature.   

6.7 Conclusion 

Caring statistically significantly affects HRQoL, but the relationship is multifaceted and 

complex. There are serious gaps and limitations within the evidence base to understand and 

accurately predict how patient health interventions will affect carers’ HRQoL. However, 

research in this area is evolving and I demonstrate that it is possible to analyse existing 



95 
 

datasets to generate evidence for use in economic evaluation. There is a need for further 

data and analysis to address evidence gaps, particularly relating to the HRQoL of parent 

carers of children with long-term health conditions.  

It is important to include carers’ HRQoL effects in economic evaluation to reflect the 

outcomes of all affected individuals, but doing so is challenging. This is partly due to the 

disconnect in theories underlying economics and care, and partly due to the way that carers’ 

HRQoL has been conceptualised in economic evaluation to date. The current commonly 

used approaches have serious limitations because they oversimplify the relationship 

between caring and HRQoL. My research demonstrates the scope to develop more flexible 

modelling methods that consider both positive and negative aspects of care. These methods 

now require more data, or evidence of transferability of data across contexts.  

If the HTA community is serious about improving the HRQoL of unpaid carers, then we must 

spend time and resources in ensuring this is accurately measured and modelled. Advancing 

methodological developments simultaneously with collecting more data is essential for 

integrating this research into routine economic evaluation and maximising the HRQoL of 

patients and their carers.  
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7 Appendix: Mapping from SF-12 to EQ-5D 
The Innovation Panel Wave 11 contains the EQ-5D-3L and the EQ-5D-5L for a sample of 

1,622 people. I chose the EQ-5D-3L as our outcome variable of interest because the current 

5L value set is not recommended by NICE (National Institute for Health and Care 

Excellence). The distribution of EQ-5D-3L scores is shown in Figure 6. 

 

Figure 6: EQ-5D distribution in Innovation Panel 

 

The SF-12 Mental Component Summary (MCS) and Physical Component Summary (PCS) 

scores are calculated from the answers to the original questions, resulting in continuous 

scales ranging from 0 (worst) to 100 (best). A slightly surprising quirk of the scales is that it is 

not possible to have very high scores in both the MCS and the PCS component. 

Respondents who give the best possible answers to all SF-12 questions will score PCS of 

56.6 and MCS of 60.8. Reporting slightly worse health for some of the questions will lead to 

an increase in PCS and a decrease in MCS (for example, reporting feeling 

downhearted/blue some of the time) whereas reporting slightly worse health for other 

questions would lead to an increase in MCS and a decrease in PCS (for example, reporting 

pain interfering with work). This means that when we consider individually the relationship 

between either MCS or PCS and EQ-5D, we see what appears to be a surprising result, that 

the very highest scores of either MCS or PCS do not correspond to the highest EQ-5D 

scores. This is not a concern in my mapping that uses both MCS and PCS together to 

predict EQ-5D.  
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I used adjusted-limited dependent variable mixture models. My preferred model (based on 

AIC and BIC) has three classes/components, and class membership is determined by SF-

12PCS and MCS scores. One of the classes is a "class of 1s" , which corresponds to full 

health and an EQ-5D score of 1. This reflects the distribution of the EQ-5D, and the relatively 

high proportion of people who report full health. The other classes have means of 0.83 and 

0.35. An individual person's score in either of these classes is determined by their SF-12 

MCS (linear and squared) and PCS scores (linear and squared), and age and sex. The  

model estimates are shown in Table 2. 
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Table 2: Estimates from mapping function 

    b 
standar
d error z 

P 
value 

95% 
lower 
confidenc
e interval 

95% 
upper 
confidenc
e interval 

component 
1: 

coefficients 

age/10 -0.003 0.015 -0.190 0.850 -0.033 0.027 

male 0.014 0.032 0.440 0.661 -0.049 0.077 

sf12mcs/1
0 0.047 0.043 1.090 0.276 -0.037 0.131 

sf12mcs/1
0 squared 0.000 0.007 0.020 0.981 -0.013 0.013 

sf12pcs/1
0 0.086 0.054 1.590 0.112 -0.020 0.192 

sf12pcs/1
0 squared 0.002 0.007 0.230 0.815 -0.012 0.015 

cons -0.349 0.144 -2.430 0.015 -0.631 -0.068 

component 
2: 

coefficients 

age/10 -0.006 0.002 -2.440 0.015 -0.010 -0.001 

male -0.001 0.006 -0.240 0.812 -0.013 0.010 

sf12mcs/1
0 0.030 0.021 1.440 0.149 -0.011 0.071 

sf12mcs/1
0 squared 0.000 0.002 0.140 0.890 -0.004 0.005 

sf12pcs/1
0 0.037 0.019 1.910 0.056 -0.001 0.075 

sf12pcs/1
0 squared 0.004 0.002 1.810 0.070 0.000 0.008 

cons 0.395 0.057 6.980 0.000 0.284 0.505 

probability of 
being in 

component 1 

sf12mcs/1
0 -2.561 0.320 -8.000 0.000 -3.189 -1.934 

sf12pcs/1
0 -2.653 0.305 -8.690 0.000 -3.251 -2.055 

cons 22.781 3.088 7.380 0.000 16.729 28.834 

probability of 
being in 

component 2 

sf12mcs/1
0 -1.342 0.278 -4.820 0.000 -1.887 -0.797 

sf12pcs/1
0 -1.568 0.265 -5.910 0.000 -2.088 -1.049 

cons 15.556 2.898 5.370 0.000 9.877 21.235 

lns 1 -1.990 0.117 

-
17.07

0 0.000 -2.219 -1.762 

lns2 -2.591 0.060 

-
43.09

0 0.000 -2.709 -2.473 

sigma1 0.137 0.016     0.109 0.172 

sigma 2 0.075 0.005     0.067 0.084 

 

The cumulative distribution function is shown in Figure 7. The mean observed and predicted 

EQ-5D scores by SF-12 MCS and PCS are shown in Figure 8 and Figure 9. These figures 
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demonstrate that the predicted (or model) estimates are very similar to the actual (mean 

data), in terms of the distribution of EQ-5D scores and the relationship between SF-12 

MCS/PCS and EQ-5D. 

 

Figure 7: Cumulative Distribution Function: actual and modelled EQ-5D 
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Figure 8: Mean observed and predicted EQ-5D by mental component summary 

score 

 

 

Figure 9: Mean observed and predicted EQ-5D by mental component summary 

score 
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8 Appendix: Public and patient involvement and 

engagement: UKHLS analysis 

8.1 Introduction 

In January 2024 I organised an online workshop with eight unpaid carers to understand their 

lived experience of caring and whether my analysis summarised in Section 4.2 and detailed 

in Pennington, Hernández Alava & Strong, 2025 (Pennington et al., 2025b) was consistent 

with this. This section provides a report of the summary of the main themes that were 

discussed at the public involvement workshop.  

8.1.1 Set-up 

The workshop was conducted using Google Meet. The workshop lasted 90 minutes. We 

used Google Docs to make notes (these were shared with participants during the meeting 

and anyone could contribute). 

8.1.2 Participants  

The public involvement workshop had twelve attendees: eight carers and four academic 

researchers. 

The carers had a range of different experiences of caring in terms of the relationship to the 

person (or people) they care(d) for, the conditions of the person they care(d) for, and how 

long they were/are a carer for. Some carers lived with the person/people they cared for, 

others cared for someone living in their own home, others cared for people in assisted living 

or care home settings. Some of the people cared for had been in hospital for substantial 

periods of time. 

8.2 Discussion: caring and health-related quality of life 

I asked carers how being a carer affected health-related quality of life, specifically in relation 

to the domains of the SF-6D.  

Participants noted that caring could affect every aspect of health-related quality of life, 

including all of the domains of SF-6D. 

There was a strong feeling that caring can affect social functioning, with participants noting 

that caring responsibilities may restrict opportunities for having a social life, and many 

participants reporting feeling lonely or isolated by their caring role. 

Many participants described an impact on their mental health and/or feeling downhearted or 

depressed. Some had been formally diagnosed with depression or anxiety. Others reported 

worrying or not being able to relax. Many participants referred to the “stress” of caring, but it 

is unclear how this fits into SF-6D and if it is fully captured.  
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Some participants described an impact of caring on physical health and pain. In some cases, 

this was through stress, anxiety or burnout which can manifest in physical symptoms (such 

as headaches). Some participants reported that they “cannot get ill” or that their own health 

conditions were not prioritised. 

Carers also reported feelings of guilt and frustration.  

8.3 Discussion: volume of care and potential positive impacts of 

caring 

There were some discussions on what we meant by “care” and suggestions that it may be 

difficult to define or recognise when caring starts and what is or is not classed as “caring”.  

Some people described that they identify as carers constantly, even if they are not actively 

with the person. Many carers described constantly being responsible. There were 

discussions that the type of care might also be important, and that this may differ for different 

volumes of care. There was also discussion of formal care and the interaction or 

administration associated with arranging this.  

Participants suggested that caring could have positive impacts, including: 

• Spending time with someone that you love and the opportunity to get to know 

someone better 

• Knowing that the needs of the person (whom the carer knows best) are being met 

• Satisfaction in doing everything you could 

• Growing in empathy, compassion, patience, resilience 

Some carers described caring as a “privilege” and some would not describe themselves as 

carers, but by their relationship to the person they care(d) for.  

8.4 Discussion: other related issues  

The concept of caring being someone’s identity came up in a few discussions – in some 

cases this was positive but in other cases negative. Some carers noted that they were 

viewed as having no status, or that people were not interested in their problems. 

The concept of “loss” and missing out on opportunities that are available to other people was 

raised. 

The relationship between caring and employment was discussed – sometimes being in work 

(out of the home) provided a break/protection from caring responsibilities, but the balancing 

work and care created significant challenges. In some cases, carers were unable to work 

due to their caregiving responsibilities. The financial impact of caring was also raised.  
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There were extensive discussions about the health and care systems and the support 

available to carers, with many expressing frustration and distress at the perceived 

deficiencies and lack of coordination of these systems. 

Transitions into and out of caring were discussed, with some carers noting that becoming a 

carer was not a choice. There was a feeling that having a definite end to the caring role can 

be helpful. Participants also noted that caring responsibilities can change relatively rapidly, 

and the experience of caring may depend on where the cared for is living and the support 

available to them.  
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9 Appendix: Unpaid caring and EQ-5D 

9.1 Background 

In 2020, the National Institute for Health and Care Research Unit in Economic Methods of 

Evaluation of Health and Care Interventions (EEPRU) collected EQ-5D-3L and -5L response 

from a sample of 50,000 people in the UK. This dataset was used to estimate the 

relationship between EQ-5D-3L and 5L (Hernandez-Alava & Pudney, 2022). In addition to 

collecting demographic information, the survey also asked people if they provided care to 

anyone within or outside their household, and for how many hours per week. This presented 

an opportunity to analyse the relationship between different volumes of care and EQ-5D. 

When the UK value set becomes available for EQ-5D-5L (EuroQoL, 2023), I will analyse the 

effect of caring on 3L and 5L, to see how it differs. However, at the time of writing, the UK 

value set was not publicly available. I have therefore focussed on the effect of caring on EQ-

5D-3L and explored the impact on 5L using the mapping to the 3L value set. I have also 

explored the responses to the different domains using 3L and 5L.  

9.2 Methods 

9.2.1 Data 

The survey was conducted online using the OnePoll panel which was generally considered 

to be representative of the UK. Respondents were randomised to first complete either the 3L 

or the 5L, then the EQ-Visual Analogue Scale, answer to questions about age group, sex, 

family status, health, and caring, and finally to complete the 5L or 3L (whichever they had not 

answered first). A sample of 49,999 responses were included in the analysis. Full details can 

be found in the report (Hernandez Alava et al, 2020). 

Respondents who answered that they provided care to someone living with or not living with 

them were asked how many hours of care they provided per week, with categories of 0-4, 5-

9, 10-19, 20-34, 35-49, 50-99, 100+/continuous care and “don’t know”.  

9.2.2 Analysis 

For the EQ-5D-3L and 5L mapped to 3L index scores, I estimated the average treatment 

effect on the treated (ATT) where the “treatment” was providing unpaid care, at different 

weekly volumes. I considered as unpaid carers everyone who reported providing care either 

inside or outside the household, or both. I combined the two highest levels of care hours per 

week (50-99 and 100+) to increase the sample size. This is consistent with  previous 

research which found the 20 or 50 hours/week thresholds to be important (Carers UK., 

2023).   
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I considered potential confounders from the dataset: age group, sex, family status, 

education, and diagnosis of a health condition. I believed that these confounders could 

potentially affect both the likelihood of somebody providing unpaid care (at different 

volumes) and their EQ-5D. The Directed Acyclic Graph is shown in Figure 10. 

 

Figure 10: Directed Acyclic Graph 

9.2.3 Inverse probability weighting (IPW)  

I used a multinomial logit model to predict the probability of belonging to each class of 

weekly caregiving hours as a function of the confounders. The inverse of these probabilities 

is used to assign weights to the individuals in the sample. The goal is to reweight the 

observations so that the treatment and control groups become more comparable, giving 

lower weights to individuals who are over-represented in one group and under-represented 

in the other and vice versa.  

For the purposes of modelling, I collapsed some of the categories for confounders. I 

collapsed the categories for family status to combine people who answered that they were 

either single, in a relationship, widowed or divorced to create a larger group who were not 

living with a partner. I combined people who answered that they were either married or 

cohabiting to create a group who were living with a partner. Within each of these groups I 

differentiated between people who did and did not have children. I felt that the distinction 

between people living with a partner and not living with a partner was important when 

considering how this might particularly affect the probability of caring for someone within the 

household (since people living alone cannot care for someone else within the household) 

and also caring outside the household. The presence of children may also influence whether 

someone is needed to provide care within the household, or whether they are able to provide 

care outside the household.  

The education category “none of the above” had the fewest responses, so I combined this 

with “secondary education” to create a “secondary or below” category.  

I included an age squared term to allow for a non-linear relationship with age.  
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9.2.4 Doubly robust methods 

Regression adjustment (RA) is another technique to estimate the causal effect of a treatment 

while controlling for confounders. In RA, the outcome is regressed on the the confounders 

separately in the treatment and the control groups. Those regressions are then used to 

predict the counterfactuals for each individual in the sample, that is, the regression estimated 

in the treatment group is used to predict what the outcome would have been for those in the 

control group if they had been treated and vice versa. Thus, for each individual, we have 

both their observed outcome and their predicted counterfactual and their difference is an 

estimate of each individual’s treatment effect.  The causal effect of the treatment is simply 

the average across individuals of their estimated individual treatment effect. RA will not be 

appropriate where the regression model is not appropriate. The EQ-5D 3L index score (or 5L 

mapped to 3L) does not follow a typical distribution (such as normal), as illustrated in Figure 

11, and so a linear regression model would not accurately predict the EQ-5D index score, 

and so the RA would not be appropriate. However, a probit model is appropriate for 

predicting the probability of full health or not.   

When we combine regression adjustment with IPW, the approach is termed “doubly robust” 

since it requires either the IPW or the RA to be correctly specified, but not both. I used 

doubly robust methods for predicting the probability of reporting full health, but not for 

predicting EQ-5D index scores.  
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Figure 11: Distribution of EQ-5D-3L and 5L scores, by volume of care 

I used an ordered probit model to estimate the effect of caring on responding at the different 

levels to each domain.   

9.3 Results 

Table 3 and Table 4 present baseline characteristics for the whole sample, and split for not-

carers (75.4%), carers who care inside the home (7.2%), carers who care outside the home 

(10.3%), and carers who care both inside and outside the home (7.1%). Not-carers can be 

seen to have higher EQ-5D-3L and 5L scores than carers. Not-carers are more likely to be 

single without children and less likely to be married with children. The distribution of 

education and age across carer categories is less clear. 
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Table 3: Baseline characteristics (1) 

 Carer status 

Not carer 

Carer inside 

home 

Carer 

outside 

home 

Carer inside 

and outside 

home Total 

N (%) 

36,901 

(75.4%) 3,536 (7.2%) 5,047 (10.3%) 3,451 (7.1%) 

48,935 

(100.0%) 

Hours caring per week 

  None 

36,901 

(100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

36,901 

(86.2%) 

  0-4 0 (0.0%) 311 (18.4%) 1,175 (46.4%) 162 (9.6%) 1,648 (3.8%) 

  5-9 0 (0.0%) 252 (14.9%) 593 (23.4%) 348 (20.7%) 1,193 (2.8%) 

  10-19 0 (0.0%) 290 (17.1%) 327 (12.9%) 401 (23.8%) 1,018 (2.4%) 

  20-34 0 (0.0%) 230 (13.6%) 190 (7.5%) 304 (18.0%) 724 (1.7%) 

  35-49 0 (0.0%) 171 (10.1%) 132 (5.2%) 209 (12.4%) 512 (1.2%) 

  50-99 0 (0.0%) 66 (3.9%) 19 (0.8%) 96 (5.7%) 181 (0.4%) 

  100+ / cont 0 (0.0%) 189 (11.2%) 28 (1.1%) 121 (7.2%) 338 (0.8%) 

  Don't know 0 (0.0%) 185 (10.9%) 69 (2.7%) 44 (2.6%) 298 (0.7%) 

Age group 

  18-24 2,959 (8.0%) 319 (9.0%) 368 (7.3%) 332 (9.6%) 3,978 (8.1%) 

  25-34 6,457 (17.5%) 530 (15.0%) 716 (14.2%) 831 (24.1%) 8,534 (17.4%) 

  35-44 6,980 (18.9%) 632 (17.9%) 920 (18.2%) 993 (28.8%) 9,525 (19.5%) 

  45-54 6,064 (16.4%) 644 (18.2%) 1,144 (22.7%) 618 (17.9%) 8,470 (17.3%) 

  55-64 6,731 (18.2%) 644 (18.2%) 1,259 (24.9%) 417 (12.1%) 9,051 (18.5%) 

  65-74 6,104 (16.5%) 571 (16.1%) 568 (11.3%) 208 (6.0%) 7,451 (15.2%) 

  75+ 1,606 (4.4%) 196 (5.5%) 72 (1.4%) 52 (1.5%) 1,926 (3.9%) 

Sex 

  Male 

18,118 

(49.1%) 1,720 (48.6%) 2,140 (42.4%) 1,842 (53.4%) 

23,820 

(48.7%) 

  Female 

18,783 

(50.9%) 1,816 (51.4%) 2,907 (57.6%) 1,609 (46.6%) 

25,115 

(51.3%) 
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Table 4: Baseline characteristics (2) 

 Carer status 

Not carer 

Carer inside 

home 

Carer 

outside 

home 

Carer inside 

and outside 

home Total 

Family status 

  Living alone 

+ no children 

10,850 

(29.4%) 837 (23.7%) 1,264 (25.0%) 688 (19.9%) 

13,639 

(27.9%) 

  Living alone 

+ children 5,713 (15.5%) 442 (12.5%) 833 (16.5%) 545 (15.8%) 7,533 (15.4%) 

  Living with 

partner + no 

children 5,468 (14.8%) 526 (14.9%) 675 (13.4%) 545 (15.8%) 7,214 (14.7%) 

  Living with 

partner + 

children 

14,870 

(40.3%) 1,731 (49.0%) 2,275 (45.1%) 1,673 (48.5%) 

20,549 

(42.0%) 

Education level 

  Secondary or 

below 8,357 (22.6%) 882 (24.9%) 941 (18.6%) 660 (19.1%) 

10,840 

(22.2%) 

  Post-

Secondary 6,453 (17.5%) 651 (18.4%) 902 (17.9%) 535 (15.5%) 8,541 (17.5%) 

  Vocational 6,471 (17.5%) 722 (20.4%) 993 (19.7%) 575 (16.7%) 8,761 (17.9%) 

  Undergrad 

degree 9,844 (26.7%) 779 (22.0%) 1,342 (26.6%) 812 (23.5%) 

12,777 

(26.1%) 

  Postgrad 

degree 4,660 (12.6%) 391 (11.1%) 724 (14.3%) 662 (19.2%) 6,437 (13.2%) 

  Doctorate 1,116 (3.0%) 111 (3.1%) 145 (2.9%) 207 (6.0%) 1,579 (3.2%) 

EQ5D3L 0.829 (0.239) 0.705 (0.297) 0.801 (0.234) 0.674 (0.333) 0.806 (0.256) 

EQ5D5L 0.879 (0.178) 0.781 (0.227) 0.861 (0.169) 0.752 (0.252) 0.861 (0.191) 

 

Table 3 and Table 4 demonstrate that there are some differences between the groups, but 

generally many similarities too, such that they do not look like completely different groups of 

individuals. IPW is therefore a good starting point to try and make the groups more 

comparable to estimate the causal effect, since there is already some overlap. The IPW 

model improved the level of balance for the included variables, with all weighted 

standardized differences close to zero and the variance ratios close to one (note that 

inference here is informal as there are no standard errors on these statistics(stata.com)).The 

overlap plot, shown in Figure 12 did not show much probability mass near 0 or 1 for any of 
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the care hour categories and the 8 classes have most of their respective masses in 

overlapping regions. Therefore, I considered that the overlap assumption is not 

violated(stata.com, 2025). 

 

Figure 12: Overlap plot 

The ATT relative to not caring, on the 3L index values are shown in Table 5, and 5L mapped 

to 3L in Table 6. The relative treatment effect was negative and statistically significant for all 

care categories with the exception of 0-4 hours per week for 3L or 5L and the “don’t know” 

category for 5. In general, higher hours of care were associated with larger HRQoL 

reductions, with the largest decrement in those providing 50+ hours/week and the smallest in 

the 5-9 hours group. The effect sizes were broadly similar for the 10-19, 20-34, and 35-49 

hours/week categories, suggesting that caring does negatively affect HRQoL, particularly at 

very high volumes. The effect sizes were larger when using 3L than 5L. 
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Table 5: Average treatment effect on the treated: 3L index score 

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 0.826 <0.001 0.824 0.829 

Average treatment effect on the treated relative to non-carer 

0-4 -0.001 0.920 -0.011 0.010 

5-9  -0.072 <0.001 -0.087 -0.056 

10-19  -0.097 <0.001 -0.118 -0.076 

20-34  -0.099 <0.001 -0.123 -0.074 

35-49  -0.090 <0.001 -0.119 -0.061 

50+  -0.157 <0.001 -0.194 -0.121 

Don't know  -0.049 <0.001 -0.076 -0.023 

 

Table 6: Average treatment effect on the treated: 5L mapped to 3L index score  

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 
0.877 

<0.001 0.875 0.879 

Average treatment effect on the treated relative to non-carer 

0-4 0.008 0.056 0.000 0.015 

5-9  -0.044 <0.001 -0.055 -0.034 

10-19  -0.071 <0.001 -0.086 -0.056 

20-34  -0.082 <0.001 -0.101 -0.063 

35-49  -0.076 <0.001 -0.097 -0.054 

50+  -0.109 <0.001 -0.138 -0.081 

Don't know  -0.022 0.044 -0.044 -0.001 

 

The ATT on the probability of reporting full health is shown for 3L in Table 7 and 5L in Table 

8. With exceptions of carers caring for 0-4 hours/week and those who didn’t know how many 

hours they spent caring, carers were statistically significantly less likely to report full health 

than non-carers. The effect size was similar across hours of care but appeared largest for 
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people caring for 20-34 hours of care per week for both 3L and 5L. Non-carers were more 

likely to report full health with 3L than 5L, but effect sizes were larger for 3L than 5L, 

suggesting the reduction in the proportion of people reporting full health was smaller for 5L 

than 3L.  

Table 7: Average treatment effect on the treated: 3L full health 

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 
0.464 

<0.001 0.459 0.469 

Average treatment effect relative to non-carer 

0-4 -0.040 0.001 -0.064 -0.016 

5-9  -0.115 <0.001 -0.143 -0.087 

10-19  -0.137 <0.001 -0.169 -0.105 

20-34  -0.165 <0.001 -0.204 -0.127 

35-49  -0.104 <0.001 -0.150 -0.057 

50+  -0.125 <0.001 -0.168 -0.081 

Don't know  -0.102 0.001 -0.164 -0.039 

 

Table 8: Average treatment effect on the treated: 5L full health  

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 0.392 <0.001 0.387 0.396 

Average treatment effect relative to non-carer 

0-4 -0.012 0.313 -0.035 0.011 

5-9  -0.091 <0.001 -0.118 -0.064 

10-19  -0.098 <0.001 -0.129 -0.067 

20-34  -0.133 <0.001 -0.170 -0.097 

35-49  -0.082 <0.001 -0.127 -0.038 

50+  -0.071 0.001 -0.113 -0.029 

Don't know  -0.051 0.103 -0.112 0.010 
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Sankey charts demonstrate the change in responses to the anxiety/depression domain for 

the not-carers, and the carers 50+ hours/week group in Figure 13 and Figure 14. These 

illustrate how respondents’ answers changed between 3L and 5L in different categories of 

care, rather than the relative change between groups. They are helpful in understanding how 

3L and 5L responses differ, and so why the relative effect of caring may differ for 3L and 5L. 

They demonstrate that there was usually a proportion of people who reported “no problems” 

and “some problems” in 3L moving into “slight problems” with 5L, and generally a proportion 

of people who reported “extreme problems” with 3L moving into “severe problems” with 5L. 

Generally, non-carers were more likely to report “no problems” and carers more likely to 

report “extreme problems” across all domains. However, the Sankey diagrams do illustrate 

some inconsistencies in response across the 3L and 5L, for example for 50+hours carers 

answering about usual activities (Figure 15), there were people who reported “extreme 

problems” on 3L and “no problems” on 5L, and people who reported “no problems” on 3L 

and “severe problems” on 5L. This does call into question how valid the comparison of 

responses to 3L and 5L are, because it is unclear why people would give such dramatically 

different answers. 

 

Figure 13: Sankey diagram: Anxiety/depression: Non-carers 
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Figure 14: Sankey diagram: Anxiety/depression: 50+ hrs carers 

 

 

Figure 15: Sankey diagram: Usual activities: 50+ hours carers  
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Figure 16 presents the marginal effects for the carers 50+ hours/week group relative to not-

carers, for the domains of 3L and 5L. Marginal effects quantify how a change in the 

independent variable (in this case, moving from 0 to 50+ hours/week), affect the predicted 

probability of the outcome (in this case, reporting each answer within a domain), holding all 

other variables constant. There were statistically significant effects across all domains for 3L 

and 5L, but effects for some specific individual levels were not statistically significant. 

Generally, carers were less likely to report “no problems” and more likely to report problems 

at some level. For mobility, self-care and usual activities, using 5L increased the reduction in 

respondents reporting no problems. On its own, we would expect that this would increase 

the average treatment effect for 5L compared to 3L. However, some of the carers who had 

reported the worst level on 3L (extreme problems) reported the second-worst level (severe 

problems) using 5L. This is particularly important because 3L has an “N3” term: a disutility 

which is applied to the index score if the respondent reports the worst level on any domain (it 

will be interesting to see if the 5L value set has a similar term). We tended to see this pattern 

across the domains for the different volumes of care although it was not always statistically 

significant. For pain/discomfort and anxiety/depression for the 50+ hours group, some of the 

non-carers who had reported “no problems” on 3L reported “slight problems” on 5L This 

decreased the difference between carers and non-carers and so further reduced the ATT for 

5L. However, this finding is specific to these two domains for the 50+ hours group. 
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Figure 16: Marginal effects of domains, 50 hours/week+ group 

 

Sensitivity analysis using the doubly robust estimand combining IPW and linear regression 

for 3L and 5L index scores found similar ATEs in Table 9 and Table 10. Whilst I do not 
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believe the linear regression is a good choice of model for the EQ5D distribution, this 

provided some reassurance that our estimates are robust. 

Table 9: Average treatment effect on the treated: 3L index score, doubly robust 

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 
0.826 

<0.001 0.824 0.829 

Average treatment effect on the treated relative to non-carer 

0-4 -0.001 
0.920 

-0.011 0.010 

5-9  -0.072 <0.001 -0.087 -0.056 

10-19  -0.097 <0.001 -0.118 -0.076 

20-34  -0.099 <0.001 -0.123 -0.074 

35-49  -0.090 <0.001 -0.119 -0.061 

50+  -0.157 <0.001 -0.194 -0.121 

Don't know  -0.049 <0.001 -0.076 -0.023 

 

Table 10: Average treatment effect on the treated: 5L mapped to 3L index score, 

doubly robust  

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 
0.877 

<0.001 0.875 0.879 

Average treatment effect on the treated relative to non-carer 

0-4 0.008 0.056 0.000 0.015 

5-9  -0.044 <0.001 -0.055 -0.034 

10-19  -0.071 <0.001 -0.086 -0.056 

20-34  -0.082 <0.001 -0.101 -0.063 

35-49  -0.076 <0.001 -0.097 -0.054 

50+  -0.109 <0.001 -0.138 -0.081 

Don't know  
-0.022 

0.044 -0.044 -0.001 
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In scenario analyses, I found the ATT was greater for both 3L and 5L when analysing the 

subpopulation of carers who provided care inside the home (excluding carers who only 

provide care outside the house, but including carers who provide care both inside and 

outside the home), but that the 3L average treatment effect was always bigger than for 5L 

(see Appendix Table 4). Effect sizes were statistically significant for 0-4 hours/week for 3L 

and 5L.  

Table 11: Average treatment effect on the treated: 3L index score, exclude outside 

household carers 

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 
0.829 

0.001 0.827 0.831 

Average treatment effect on the treated relative to non-carer 

0-4 -0.084 <0.001 -0.121 -0.047 

5-9  -0.130 <0.001 -0.167 -0.093 

10-19  -0.152 <0.001 -0.187 -0.116 

20-34  -0.138 <0.001 -0.181 -0.094 

35-49  -0.130 <0.001 -0.178 -0.082 

50+  -0.192 <0.001 -0.251 -0.132 

Don't know  -0.079 <0.001 -0.121 -0.036 
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Table 12: Average treatment effect on the treated: 5L mapped to 3L index score, 

exclude outside household carers 

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 
0.879 

<0.001 0.877 0.881 

Average treatment effect on the treated relative to non-carer 

0-4 -0.051 0.056 -0.078 -0.024 

5-9  -0.095 <0.001 -0.119 -0.070 

10-19  -0.117 <0.001 -0.144 -0.090 

20-34  -0.087 <0.001 -0.118 -0.056 

35-49  -0.103 <0.001 -0.139 -0.067 

50+  -0.134 <0.001 -0.183 -0.085 

Don't know  
-0.031 

0.044 -0.057 -0.006 

 

When I excluded inside-household carers, there were very few people in older age groups 

who provided care outside the house, so I collapsed the categories such that the greatest 

volume of care was 35+hours/week, and in this case the effect sizes were smaller than for 

the combined carer population of the inside-household carers.   
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Table 13: Average treatment effect on the treated: 3L index score, exclude inside 

household carers 

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 
0.829 

<0.001 0.827 0.831 

Average treatment effect on the treated relative to non-carer 

0-4 0.019 
0.001 

0.007 0.030 

5-9  -0.046 <0.001 -0.068 -0.025 

10-19  -0.071 <0.001 -0.103 -0.038 

20-34  -0.125 <0.001 -0.174 -0.076 

35+ -0.032 0.067 -0.067 0.002 

Don't know  -0.028 0.376 -0.091 0.035 

 

Table 14: Average treatment effect on the treated: 5L mapped to 3L index score, 

exclude inside household carers 

Care 

hours/week  

Coefficient p-value 95% 

confidence 

interval lower 

bound 

95% 

confidence 

interval upper 

bound 

Non-carer 
0.879 

<0.001 0.877 0.881 

Average treatment effect on the treated relative to non-carer 

0-4 0.022 <0.001 0.014 0.031 

5-9  -0.022 0.003 -0.036 -0.008 

10-19  -0.048 <0.001 -0.070 -0.025 

20-34  -0.091 <0.001 -0.128 -0.054 

35+ -0.045 0.008 -0.079 -0.012 

Don't know  -0.005 0.809 -0.045 0.035 

 

9.4 Discussion 

My analysis demonstrated that people who provide unpaid care for 5 or more hours per 

week have statistically significantly worse HRQoL, as measured by EQ-5D 3L, than people 

who do not provide care. This was true even after adjusting for confounding factors, 
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suggesting there may be a causal link between caring and HRQoL. Providing higher 

volumes of care generally had a bigger detrimental effect on HRQoL, with a maximum ATT 

of -0.157 for people providing 50+ hours of care per week. Within the same weekly hours of 

care, the ATT was larger for people providing care within the household than those only 

providing care outside the household. This suggests that co-resident carers experience a 

particularly high HRQoL detriment. 

My analysis indicates that an increased volume of caregiving affects all domains of EQ-5D. It 

is unsurprising that caregiving affects anxiety/depression, and feasible that caregiving 

impedes usual activities due to time restrictions. It is less clear why caregiving would also 

impact pain, mobility and self-care, unless it has directly caused a physical injury (for 

example, back pain as a result of lifting the care recipient). It is therefore possible that there 

are differences between carers and non-carers (and carers at different volumes) in my 

sample that are not entirely controlled for. Therefore, while it is true that carers have worse 

HRQoL than non-carers, the differences in HRQoL may not be entirely due to caregiving.  

The ATT was smaller for 5L mapped to 3L index score than the 3L index score. This is 

consistent with evidence for EQ-5D in patients, where 5L shifts all scores upwards and into a 

smaller range. It remains to be seen whether this holds true with the new UK 5L value set, 

but if so, it would mean that interventions targeted at carers are less cost-effective using 5L 

than 3L. It would also mean that the carer spillover impacts from patient interventions are 

smaller using 5L than 3L, but the impact on cost-effectiveness will depend on whether the 

intervention affects mortality and the method used to model carer HRQoL (since the carer 

HRQoL gain due to improved patient HRQoL would be smaller, but any carer QALY loss due 

to the “carer QALY trap” would also be smaller).  

The size of the ATT for caring is fairly consistent with the range reported in the literature for 

EQ-5D: a study of 910 adult/elderly family carers in Sweden found a disutility of 0.015 

(Davidson et al., 2008) and a study of 306 mothers of children with congenital abnormalities 

found a disutility of 0.10(Poley et al., 2012). An analysis of the Irish EQ-5D-5L survey found 

a total disutility from people caring for others with a serious illness was 0.014, with a 

statistically significant effect only on the anxiety/depression domain.  

This was a large study with over 17,000 carers and nearly 37,000 non-carers for 

comparison. The sample size and variables included meant that I was able to exclude 

confounder bias from important confounders using causal inference methodology. There was 

good overlap between groups and the results appear robust to sensitivity analysis. This 

analysis provides data on the effect of caring on EQ-5D by volume of care in the UK. It is 

therefore a useful source for informing economic evaluation in the UK, since NICE states a 
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preference for the EQ-5D (National Institute for Health and Care Excellence, 2022) and there 

is a gradient of disutility by care volume which could be generalised to patient severity states 

in economic models. 

There are a few limitations that stem from the study design. Firstly, the data about the carer 

is fairly limited: while I controlled for all of the confounders that we have information on, I did 

not have details on the caregivers’ health conditions, or information such as duration of 

caregiving which previous research has indicated may be important(Pennington et al., 

2025b). Secondly, the data is cross-sectional in nature so I could not analyse the change in 

HRQoL due to caring. I aimed to mitigate this through the doubly robust approach, but 

longitudinal data would be preferable to identify a causal effect. Lastly, I did not have any 

information about the care-recipient, such as their age and relationship with the carer, or 

their health condition/HRQoL. This is also likely to influence the carers’ HRQoL(Bobinac et 

al., 2010, Bobinac et al., 2011), whereas this analysis assumes that the volume of caregiving 

fully captures all effects. 
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10 Appendix: Public and patient involvement and 

engagement: a new method for modelling carer’s 

HRQoL 

10.1 Introduction 

10.1.1 Set-up 

In April 2025 I organised a workshop to speak to people with experience of unpaid/informal 

caring to discuss how carers’ HRQoL has been included in NICE appraisals so far, and to 

get feedback on my proposed method. The workshop was conducted on Google Meet and 

lasted 2.5 hours. 

10.1.2 Participants  

The workshop was attended by nine people who were either carers themselves or 

represented carers organisations (or both) and had experience of NICE appraisals. There 

were two members of NICE’s People and Communities team, acting independently, whose 

role was to facilitate small group discussions and take notes.  

10.2 Discussion: NICE decision-making and how carers are 

included 

Generally, people felt that it was unclear to what extent NICE considered the impact of 

conditions on carers in their decision-making because the information discussed in public is 

often complex, and because decision-making is conducted in private. There were concerns 

that patient evidence, and particularly qualitative evidence, is not given the same importance 

as other, more quantitative data. Other people felt that qualitative evidence had been 

persuasive in some NICE appraisals. Attendees felt that qualitative evidence is important for 

capturing carers’ experiences, and that it can feel like somebody else is scoring carer’s 

HRQoL. There were some suggestions that carers and patients should have more 

involvement in NICE decisions, but concerns were raised about the resources this would 

require for patient and carer organisations. 

10.3 Discussion: Utility and disutility approach (current methods) 

Attendees were generally familiar with the disutility and utility approaches used in NICE 

appraisals, but some noted the disutility approach was more familiar. People felt that each 

approach had strengths and limitations, making it difficult to decide if one was better than the 

other, and that that neither approach fully captured the impact of caring or really considered 

the relationship between patients and carers. There was a sentiment that the evidence 

assessment group (EAG) always counter the company’s approach, but that neither approach 
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is sufficiently challenged. There was some reluctance to use a “one size fits all” approach 

when conditions differ. 

10.4 Discussion: Identifying the impact of caring on HRQoL 

I introduced the idea of measuring the impact of caring on HRQoL, and how this would differ 

from either measuring carer utilities or carer disutilities.  

Attendees discussed that it can be challenging to identify who carers are, and that 

consideration should be given to the wider family (for example siblings) and not just the 

primary carer. The challenges of quantifying the impact of caring were discussed, with 

people noting that for some carers this is 24 hours a day, and that it can be hard to separate 

caring responsibilities from responsibilities associated with the relationship of the carer (for 

example as a parent). There was a feeling that while it is encouraging that researchers are 

trying to address this, even improved methods and measures would not capture all impacts 

of caring. 

There was some recognition that NICE needs a consistent approach, but the importance of 

flexibility and the variability between conditions and populations was highlighted, with a 

suggestion that discussion at scoping stage could allow for a bespoke approach. 

10.5 Discussion: Using the family effect and caregiving effect in 

NICE appraisals 

I introduced the concepts of the family effect and caregiving effect, gave an example of an 

analysis where these were calculated, and explained how the two effects could be combined 

in modelling carers’ HRQoL.  

There was some support for an approach that bridged the gap between the utility and 

disutility approaches, but concerns about the practicalities of separating the two effects for 

each appraisal. Attendees understood the two concepts but felt that the terminology was 

unclear, with the “family effect” expected to capture the whole family. There was support for 

recognising the family effect, and a feeling that should be extended to the wider family and 

not just the primary carer. There were some concerns about how this approach would 

capture the effects of bereavement and whether it captured the positive aspects of caring. 

There were some concerns about the implications of the approach, and in particular whether 

including only the effect of caring would be less favourable than including utilities (the utility 

approach). People noted the need to be clear about what is being captured and measured 

so that it does not unfairly penalise carers. 
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The variability between conditions was discussed, with attendees noting that the impact of 

caring will differ between conditions and that length of life may be particularly important in 

some cases. It was suggested that the approach might work well for rare diseases where 

there is a lot of uncertainty.  
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