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Lay summary

Poor sleep affects people all over the world and it could impact both physical and
mental health. Therefore, understanding the reasons that impacts sleep could highlight ways

of how to improve it.

Literature review: The quality of the physical environment could impact health. But
little was known about how the physical environment impacted sleep in the long-term. In
three databases, 21 cohort and experimental papers were found that assessed this. Fourteen of
these papers showed that more noise, air pollution, and negative neighbourhood
surroundings, such as crime and disorder, had a negative impact on sleep. Meanwhile, more
green spaces, better neighbourhood design and steps taken to reduce noise was linked to
better sleep. But there was no link between walkability and sleep. Also, a small number of
papers found no links to sleep or that more air pollution was linked to better sleep, probably
because they used different approaches to gather information from participants. Still, this

suggested that improving the physical environment might lead to better sleep.

Empirical study: Social determinants, meaning social, economic and environmental
factors, could impact sleep because they could influence the conditions people live in and
access to resources. To understand this better, this study looked at how poor sleep was linked
with social determinants and mental health difficulties in 2513 people. This showed that
having support and higher age was linked to better sleep. While difficulties with paying for
necessities, being female, financially secure, and having a minority sexual orientation was
linked to worse sleep, possibly because of stress. Poor sleep also impacted the connection
between worse mental health and these factors too, but ethnicity and declared religion was
not linked to sleep or mental health. This pointed out that making improvements in society

might improve sleep and therefore also mental health.
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Section One: Literature Review

Longitudinal Association Between the Physical Environment on Sleep Health in Adults: A

Systematic Review and Narrative Synthesis



Abstract

Objectives: Sleep health has been recognised as a determinant for mental and physical
health, where the wider environmental context could influence sleep. This systematic review
aimed to assess longitudinal associations between the physical environment on sleep health in

adults.

Method: Three databases (Medline, PsycINFO and Scopus) were used to search for relevant
papers. Inclusion criteria encompassed peer-reviewed studies with a longitudinal design
assessing the physical environment on sleep health in adults. A narrative synthesis was used

to analyse the data.

Results: Twenty-one papers were identified. K = 14 observed that increased noise (k = 3) and
air pollution (k = 4), and adverse physical neighbourhood characteristics (crime and disorder;
k = 2), was associated with negative sleep outcomes, whilst increased green spaces and
vegetation (k = 3), interventions aimed to reduce noise (k =4), and better urban design (k =
1) was linked to improved sleep health. However, there was no impact of walkability on sleep
(k =2). The quality assessment was high across studies, yet there was variability across the
dimensions and methodological differences, which could have contributed to some variations

between and within the studies, in terms of the direction of the relationships.

Conclusion: This provided insight into wider physical environmental factors contributing to
sleep health, which remains a significant concern across all sectors of public health.
Interventions and policies ought to reflect this on a public health level, where future research

is urged to examine the impact from these changes.

Keywords: sleep, physical environment, noise, air, urban design, crime, neighbourhood

disorder, green spaces, walkability, adults.



Practitioner Points

e Taking a public health approach in collaboration with wider stakeholders to address
physical environmental factors contributing to sleep health.

e (ollaborating on interventions to improve neighbourhood disorder, noise and air
pollution, and green spaces.

e Advocating for policy changes reflecting the impact from physical environmental

factors on sleep.



Introduction

Sleep health is characterised by adequate sleep duration, sleep efficiency, appropriate
timing of sleep, alertness during hours awake, and sleep quality (Buysse, 2014), and it has
been recognised as a determinant for mental and physical health (Czeisler, 2015). Indeed,
poor sleep health has been found to increase prevalence of chronic conditions including
stroke (Wang et al., 2022a), cardiovascular diseases, heart failure (Wang et al., 2022b),
asthma (Liu et al., 2023a), and predict mental health (Zhang et al., 2024). In contrast,
improving sleep has been associated with enhanced well-being, physical health (Tang et al,
2017) and mental health (Scott et al., 2021). Despite the importance of sleep on health, 25%

of people globally have reported dissatistied sleep (Morin & Benca, 2012).

Sleep encompasses a biological need, opportunity to sleep, and ability to initiate sleep
(Tubbs et al., 2019). In turn, these factors could be altered by the physical environment (Kim,
2022a), which has been proposed to impact health directly through manipulating the
environmental quality, or indirectly through behaviours (Pinter-Wollman et al., 2018). Indeed,
the socioecological model of sleep health has highlighted the influence of individual factors
embedded in contextual wider factors and broader transcending systemic systems in which
people inhabit, including the physical environment (Grandner, 2019). Alongside this, the
physical environment could trigger physiological stress systems (Liu et al., 2021), where the
allostatic load framework posits that this continued exposure could lead to over-activation
and therefore physiological dysregulation, in contrast to adaptive stress responses from short
term exposure (McEwen & Stellar, 1993). Correspondingly, recurring exposure from
environmental stressors might therefore gradually result in maladaptive change in sleep only
detectable over time (Han et al., 2012). Subsequently, considering physical environmental
determinants on sleep across phases could be important. In line with the upstream-

downstream metaphor, this was aligned with an upstream approach by considering



underlying root causes that could identify prevention targets, rather than a downstream

perspective by reactively managing the symptoms from those consequences (McMahon,

2022).

Emerging research has suggested that the physical environment could be an important
upstream determinant on sleep health (Johnson et al., 2019) which encompasses; the natural
environment involving green spaces or vegetation; the ambient environment such as sound
and atmosphere (Billings et al., 2020; Johnson et al., 2019); and the neighbourhood
environment, including urban design such as landscaping, public street art and signage, and
walkability influenced by street connectivity and pavements, in addition to disorder, violence,
and crime contributing to physical features of inadequate maintenance, poor condition of
buildings, abandoned buildings, graftiti and litter (Billings et al., 2020; Marco et al., 2015;
2006; Zhao et al., 2025). The literature has documented several aspects of the physical
environment as possible risk factors for sleep health including air pollution, ambient noise,
neighbourhood disorder, including violence and crime, and absence of green spaces and

walkability (Billings et al., 2020; Hale et al., 2020; Hunter & Hayden, 2018).

Noise pollution, defined as unwanted harmful sound exceeding 40 decibels at night
(World Health Organization [WHO], 2010), has been found to be more prevalent in urban
areas (Muzet, 2007). This has been proposed to activate the sympathetic stress response,
triggering the hypothalamic-pituitary-adrenal (HPA) axis leading to release of cortisol and
increased arousal that disrupt sleep (Liu et al., 2021). A systematic review and meta-analysis
by Smith et al. (2022) found that transportation noise was negatively associated with self-
reported sleep, and similar findings was reported in a narrative review by Hunter and Hayden
(2018). Indeed, noise pollution from road, rail and air traffic have been shown to hinder
sleep, where closer proximity has been linked to worsen sleep (Perron et al., 2016). This

could be problematic as approximately 30% of the European Union population have been



exposed to nighttime road traffic noise levels surpassing the WHO’s recommendations

(WHO, 2010).

Similar to noise, air pollution has been linked to more harmful levels in concentrated
urban areas (Billings et al., 2020). Correspondingly, about 99% of the world’s population
have been found to inhabit areas where air pollution levels have exceeded the
recommendations by the WHO (WHO, 2024). Air pollution has been proposed to affect
sleep through alteration of the biochemistry of the central nervous system, disrupting the
regulation of sleep, in addition to changes in the respiratory system resulting in airflow
obstruction or inflammation disrupting sleep (Liu et al., 2021). In line with this, a systematic
review and meta-analysis by Zhao et al. (2023) observed that air pollution exposure was
positively associated with sleep disorders. However, a review by Liu et al. (2020) and
narrative review by Hunter and Hayden (2018) found mixed results, with air pollution
generally being associated with poor sleep, yet some of the included studies reported that

pollutants improved sleep.

In terms of physical characteristics of neighbourhoods, factors such as poor design,
absence of walkability, and physical disorder, have been found to impact sleep health. These
factors have been proposed to activate the sympathetic nervous system and associated stress-
related responses, leading to reduced ability to relax and therefore poorer sleep (Mellman et
al., 2018). Correspondingly, research has found that high levels of neighbourhood violence
(Johnson, 2016), crime (Richardson, 2021) and disorder (DeSantis et al., 2013), in addition to
negative attributes of urban design, such as unkempt landscaping (Sutil et al., 2024), were

accompanied with worse sleep.

On a related note, walking conditions related to pavements, traffic, pleasant features,

and recreational destinations could impact walkability (Smith et al., 2017) and in turn sleep.



A study by Adjaye-Gbewonyo et al. (2023) observed that access to walking paths and
pavements was linked to better sleep, while unsafe walking conditions due to traffic and
crime were associated with worse sleep. Similar findings were reported by Nam et al. (2018),
where better walking conditions were associated with better sleep, yet another study by
Troxel et al. (2018) found no effect of walkability on sleep. The walking environment could
be an important component, as Gladwell et al. (2016) found that walking in a green
environment improved sleep but not walking in a built environment. Correspondingly, access
to green spaces and vegetation has been proposed to lower stress levels, promote relaxation
and reduced exposure to noise and air pollutants (WHO, 2016), which has been linked to
improved sleep (Grigsby-Toussaint et al., 2015). Indeed, a systematic review by Shin et al.
(2020) found that green space exposure was linked with sleep improvements, which

suggested that green spaces could act as a protective factor.

Overall, this suggested that the physical environment could influence sleep health.
Previous systematic reviews (Hunter & Hayden, 2018; Kim et al., 2022a) and narrative
reviews (Billings et al., 2020; Hale et al., 2020; Johnson et al., 2018; Liu et al., 2021) have
assessed some elements of the physical environment on sleep, yet the majority of the
included studies had a cross-sectional design. This significant limitation precluded causal
conclusions, and the authors urged future research to examine the longitudinal or
experimental impact of the environment on sleep to understand temporal and causal
relationships (Billings et al., 2020; Hunter & Hayden, 2018; Johnson et al., 2018; Kim et al.,
2022a). Additionally, as sleep could recover from short-term stress, yet persist under repeated
exposure (Han et al., 2012), cross-sectional associations could fail to detect improvement or
decline from sustained environmental stressors. In contrast, longitudinal or experimental

approaches could highlight how these exposures shape sleep health over time.

Therefore, the aim of the present systematic review was to assess longitudinal,



including experimental, associations between the physical environment on sleep health in
adults to contribute to an understanding of causal association and changes over time. The
broad spectrum of physical environmental factors, varied sleep health parameters and sleep
measures across studies could result in a great deal of diversity and different effect measures,
which could make it difficult to compare findings across studies to carry out a meta-analysis
(McKenzie & Brennan, 2019). Therefore, a narrative synthesis was selected, as this would
allow to describe complex and broad research that require nuanced detailed description and
interpretation (Greenhalgh et al., 2018). Subsequently, this could identify physical
environmental factors that hinder or promote healthy sleep over time, which could inform

upstream preventative interventions and policies.

Method

Registration

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA;
Appendix A; Page et al., 2021) guidelines were used for this review. Before conducting the
main literature search, preliminary scoping searches were carried out in Scopus, PsycINFO
and Medline on 21/10/2024, to assess whether there were sufficient studies on the topic. A
protocol was registered in the International Prospective Register of Systematic Reviews

(PROSPERO) on 16/11/2024 prior to conducting the review (CRD42024564821).

Eligibility Criteria

The Population, Exposure, Outcome (PEO) framework guided the inclusion and
exclusion criteria (table 1; Law et al., 1996). The studies needed to include a longitudinal
design examining the physical environment on sleep health with adults, with at least two data
points for sleep. Additionally, they had to be written in English and published in peer-

reviewed research journals. Buysse (2014) definition of sleep health was used, marked by;



adequate sleep duration, the total amount of sleep in 24-hours; sleep efficiency, the total time
spent in bed asleep; appropriate timing of sleep within 24-hours; maintaining alertness during

hours awake; and sleep quality.

Table 1

Inclusion and exclusion criteria.

PEO Criteria
Inclusion Exclusion
Population = Adults aged >18 years. Infant, children and adolescent
< 18 years of age.
Exposure Longitudinal exposure of the physical Indoor environments or
environment, including factors related to environments not associated

(a) air, (b) noise, (c) infrastructure, (d) the  with the physical environment.
built environment including public

housing, sanitation, fitness centers, care

and recreation facilities, houses, and green

spaces, and (e) residence characteristics,

including rural, urban, poverty areas and

populations, and neighbourhood safety,

security, crime, violence, deprivation and

overcrowding.

Outcome Sleep health data, with at least two Sleep data only reported once.

measuring points. ) .
gP Reviews, editorial letters,

Published in peer-reviewed original protocols, book chapters,
research journals. conference proceedings, and
: . . review position papers.
Written in the English-language. P bap
Longitudinal design, qualitative or
quantitative, with at least two measuring
points for sleep data (e.g., two-wave
longitudinal studies or daily diaries).

Search Strategy

Three databases, including Medline, PsycINFO and Scopus were systematically

searched on 17/11/2024 with no limitation to the date of publication. A subject specialist



10

librarian was consulted in relation to the selection of databases, search methodology and
terms. These included a combination of keywords related to sleep health, the physical
environment, and a longitudinal design, which were combined using Boolean operators,
AND/OR, and an asterisk symbol for truncation (table 2). The search terms for the physical
environment were adapted from a previous systematic review by Lund et al. (2018) to ensure

consistency and comprehensiveness in capturing relevant studies.

Table 2

Search syntaxes.

Construct Search term
Sleep health Sleep
Physical environment “noise pollution” OR “air pollution” OR “infrastructure” OR

“built environment” OR “public housing” OR “sanitation”
OR “fitness centers” OR “ambulatory care facilities” OR
“health services accessibility” OR “parks recreational” OR
“housing condition” OR “greenspace” OR “green space” OR
“physical environment” OR “enviro* setting” OR “urban
setting” OR “rural setting” OR “residence characteristics” OR
“poverty areas” OR “rural population” OR “urban
population” OR “neighbo* safety”” OR “neighbo* security”
OR “neighbo* deprivation” OR “crime” OR “violence” OR
“overcrowding”

Longitudinal “longitudinal” OR “repeated measures” OR “follow-up” OR
“prospective” OR “cohort stud*”

Note. Boolean operators were used, where “OR” was used to combine the search terms under each construct,
followed by “AND” to combine the constructs.

The search terms were used to search for relevant papers through titles, abstracts and
keywords. After the pool of potential studies had been identified, they were uploaded into
Rayyan, a management tool for systematic reviews. Duplicates were identified and removed,

followed by screening the title and abstract of each record for eligibility, and ineligible
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studies were excluded based on the inclusion/exclusion criteria. Following this initial

screening, the full-text versions of each article of interest were reviewed in detail and cross-

referenced against the inclusion/exclusion criteria. The screening of the studies is outlined in

a PRISMA flow diagram (figure 1; Moher et al., 2009).

Figure 2

PRISMA diagram
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The screening was completed by the author and a sub-sample of records (k = 100)
were checked by an independent reviewer (Clinical Psychologist) during the initial stage of
the selection process. There was 98% agreement, and the remaining disagreements were

resolved from discussion.

Data extraction

The data from each study were extracted by the author, which included, author(s),
year of publication, country, design, follow-up period, population, physical environmental
factor, sleep tool and main outcome related to the aim (table 3). The studies were organised
under physical environmental category subheadings, where two studies were included twice
under separate environmental factors. Authors were contacted to confirm significant change
in sleep as occasionally the p-value was not provided in some papers. One author
(Schreckenberg et al., 2016) also provided a figure with sleep change data. The present
paper’s author extracted this data to calculate the p-value (p <.050) using a paired t-test, yet

with a disclaimer that the data extracted might have minor inaccuracies.

Synthesis

A narrative synthesis of the data was conducted, using Popay et al. (2006) guidance;
a) developing a theory for the change; b) preliminary synthesis with textual descriptions,
grouping clusters and thematic descriptions; c) assessing relationships between and within the
studies with conceptual triangulation by evaluating the results and considering opposing
findings; and d) examining robustness of the studies in terms of rigor to draw credible
conclusions. A meta-analysis was not carried out due to the heterogeneity between the

studies, marked by variation of physical environmental factors and measures of sleep

(McKenzie & Brennan, 2019).
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Quality Assessment

The critical appraisal skills programme (CASP) Cohort checklist (Critical Appraisal
Skills Programme, 2022; Appendix B) and the Joanna Briggs Institute (JBI) Checklist for
Quasi-Experimental Studies (Joanna Briggs Institute, 2020; Appendix C) were used to assess
the quality and potential risk of bias for the cohort and quasi-experimental studies
respectively. All studies were assessed by the author, and 20% of the studies were assessed by
a second reviewer (Clinical Psychologist). Cohen’s Kappa indicated substantial agreement k

=0.67.

The 12-criterions in the CASP tool have three responses (“yes” = 1; “no” = 0; “can’t
tell” = 0). A higher score indicated greater quality, where yes answers of <6 = low, 7-9 =
moderate, and >10 = high rigour based on previous research (Smith et al., 2016).
Additionally, the JBI tool had 9-criterions with four responses (“yes” = 1; “no” = 0; “unclear”
=0, “not applicable” = 0). Based on the attainable score for each study, the total “yes”
responses were classified as <50% = low, 50%-69% = acceptable and >70% = good quality,
in line with previous research (George et al., 2014). Thomas and Harden (2008) argued that
solely including the most rigorous studies might exclude papers that could offer valuable

insight. Therefore, all studies would be included, irrespective of their quality.

Results

Study Characteristics

The search provided 21 papers, encompassing k = 14 cohort and k = 7 quasi-
experimental studies, published between 2004-2023 (table 3). All papers had a longitudinal
design with a time range between 2 weeks to 9 years. Two papers (Liu et al., 2023b; Martens
et al., 2018) appeared twice in the table and in the narrative synthesis as different physical

environmental factors were considered within these papers. Additionally, k = 2 studies used
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the same sample (Kim et al., 2022b; Kim et al., 2023), and these participants were considered

twice.

The studies were conducted in different countries; k =5 China (An & Yu, 2018; Liu et
al., 2023b; Yu et al., 2017; Yu et al., 2019; Xu et al., 2023); k = 5 United States (Bozigar et
al., 2023; Hu et al., 2024; Kim et al., 2022b; Kim et al., 2023; Li et al., 2020); k = 3 Sweden
(Nilsson & Berglund, 2006; Stenfors et al., 2023; Ohrstrom, 2004); k = 2 Netherlands (Barros
et al., 2024; Martens et al., 2018); k = 2 Switzerland (Brink et al., 2023; Héritier et al., 2014);
k = 1 Australia (Astell-Burt & Feng, 2020); k = 1 Germany (Schreckenberg et al., 2016); k =

1 Norway (Amundsen et al., 2013); and k = 1 United Kingdom (Lin et al., 2023).

The sample size ranged from 75 to 40315 and different tools were used to assess
sleep. K = 18 studies assessed self-reported sleep, where k = 9 studies used a survey (Astell-
Burt & Feng, 2020; Barros et al., 2024; Bozigar et al., 2023; Brink et al., 2023; Héritier et al.,
2014; Liu et al., 2023b; Schreckenberg et al., 2016; Ohrstrom, 2004), where one of these also
used sleep logs (Ohrstrom, 2004). Moreover, K = 4 studies used items from questionnaires (k
= 2 Fatigue in Medical Training Questionnaire, An & Yu, 2018 and Yu et al., 2017; k=1
Basic Nordic Sleep Questionnaire, Amundsen et al., 2013; Chinese Pittsburgh Sleep Quality
Index, Yu et al., 2019), k = 3 studies used questionnaires (k = 1 the Karolinska Sleep
Questionnaire, Stenfors et al., 2023; k = 1 Medical Outcomes Study questionnaire, Martens et
al., 2018) and k = 2 studies used bespoke unvalidated questionnaires (Lin et al., 2023;
Nilsson & Berglund, 2006). Additionally, k = 5 studies assessed sleep objectively, where k =
1 study used a Fitbit device (Hu et al., 2024) and k = 4 studies used actigraphy (Kim et al.,
2022b; Kim et al., 2023; Li et al., 2020; Xu et al., 2023), where two of these studies also used
either a questionnaire (Groningen Sleep Quality, Xu et al., 2023) or a sleep diary (Li et al.,

2020).



Table 3

Data Characteristics.

15

Author Design Population Physical Sleep tool Main outcome
environment
Country
Noise pollution
Amundsen et Quasi- N =436 Traffic noise Survey (two 99.73% and 62.48% completed each follow-up.
al. (2013) experimental  residents (aged  (dB). items from the
longitudinal ~ =18). N-= 155 Basic Nordic Sleep disturbance was reduced between pre and
Norway design. fagade Sleep post p <.0005 in the intervention group.
insulation Questionnaire.
Follow-up: 6-  intervention; n Control groups: no sig.
months and =216 control—l;
2.5-years. and n = 65
control-2 no pre-
Barros et al. Quasi- N =373 Traffic noise Survey. 98.32% completed follow-up.
(2024) experimental  residents (aged  (dB) before and
long1tud1nal >18,M =554 after instglling Lying awake in the morning increased in area 1 (p
Netherlands design. SD =16.8; or replacing <.050) and area 3 (p < .050). No sig. in area 2 or
53.9% female).  noise barriers. control.
Follow-up:
area 1 12- Sleep duration reduced in area 1 (p <.050) and
months, area area 2 (p <.050). No sig. for area 3 or control.
2 8-months,
and area 3 11- No sig. for time to fall asleep, oversleep in the
months. morning and feeling rested in the morning.



Bozigar et al.

(2023)

United States

Brink et al.
(2023)

Switzerland

Heéritier et al.

(2014)

Switzerland

Cohort
longitudinal
design.

Follow-up at:
2,8,12,and
14 years.

Quasi-
experimental
longitudinal
design.

Follow-up: 1-
2 years.

Cohort
longitudinal
design.

Follow-up: 1
year.

N =35381(aged
>18, M =66.1,
SD=17.2;
female 100%;
white 96.1%)
nurses from the
Nationwide
U.S. Nurses’
Health Study.

N=1311
residents (aged
>18).

N=1375 (age
>30; female
59.1%) from the
Health Related
Quality of Life
and Radio
Frequency
Electromagnetic
Field Exposure
study.

Airport noise in
dB.

Traffic noise in
dB before and
after a road
speed reduction.

Traffic noise in
dB and traffic
noise annoyance
in a survey.

Survey.

Survey.

Survey.

16

88.2%, 69%, 45% and 45.2% completed follow-
ups at each wave.

Higher nighttime noise was associated with greater
likelihood of short sleep duration (OR = 1.23; CI:
1.07, 1.40).

67.05% completed follow-up.

Sleep disturbance reduced between the timepoints
(t=6.36, p <.010). Reduced speed limit was
associated with reduced sleep disturbance (p =
-0.56, p <.010).

81.6% completed follow-up.

Increased noise annoyance was associated with
increased sleep disturbance: model 1 baseline § =
0.10 p <.001 and follow-up B =0.12 p <.001;
model 2 baseline B =0.11, p <.001 and follow-up
B=0.12, p <.001).

Indirect effects of increased road traffic; model 1
and 2: baseline = 0.04, p <.001 and follow-up B =
0.04, p <.001).



Martens et al.
(2018)

Netherlands

Nilsson &
Berglund
(2006)

Sweden

Schreckenberg
et al. (2016)

Germany

Ohrstrom
(2004)

Cohort
longitudinal
design.

Follow-up: 4—
5 years.

Quasi-
experimental
longitudinal
design.

Follow-up: 2
years.

Quasi-
experimental
longitudinal
design.

Follow-ups
at: 1 and 2
years.

Quasi-
experimental

N=14829 31—
65 years old;
female 55.76%)
from the
Occupational
and
Environmental
Health Cohort
study.

N =736
residents (aged
>18). N =495
noise-barrier

intervention and

n = 241 control.

N =9244
residents (aged
>18; female
54%).

N =142
residents (aged
>18; 54.3%

Traffic noise in
dB and self-
reported
exposure.

Traffic noise in
dB and self-
reported noise
annoyance
before and after
a noise-barrier.

Aircraft noise in

dB and survey
before and after
night flight ban
(11pm-5am).

Traffic noise in
dB and traffic
load before and

Medical

Outcomes Study

questionnaire.

Questionnaire.

Survey.

Survey and a

three-day sleep

log.

53.3% completed follow-up.

Cohort data: Increased in exposed noise (f = 0.05,
p =.008) and self-reported noise (B =0.83, p <
.001) was associated with increase in sleep
disturbance.

Individual changes: Increased self-reported
perceived noise was associated with increased
sleep disturbance (f =0.21, p =.019).

74% completed follow-up.

Difficulties with falling asleep, awaken too early,
and sleep quality were non sig.

52.65% and 37.9% completed all follow-ups.

Sleep disturbance was reduced between pre and
post for those experiencing a reduction in noise at
2dB (p <.001).
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Disturbance when falling asleep and early morning

was not sig.

84.5% completed follow-up.



Sweden longitudinal
design.

Follow-up: 2
years.

Xu et al. (2023) Quasi-
experimental

China longitudinal
design.

Follow-up: 2
weeks.

female). N =50
intervention
group and n =
92 control.

N =75 urban
residents (aged
>18;37.3%
female).

after opening of

a tunnel.

Noise in dB Actigraphy and
(condition 1 Groningen Sleep
door and Quality Scale in
windows open survey.

in bedroom;

condition 2 door
and windows
closed in
bedroom).

Survey pre and post: Alert in the morning (p =
.002) increased and < 30 min to fall asleep (p =
.001) reduced in the intervention group and
difficulties falling asleep, awakenings, sleep
quality and tiredness in the morning was non sig.

Sleep log at pre and post: Woken by traffic noise
(p = .002) and difficulty falling back to sleep (p =
.005) reduced, and sleep quality (p = .005)
increased in the intervention group. Difficulties
falling asleep, < 30 min to fall asleep, awakenings
and being tired were non sig.

Control group no sig.
84.5% completed follow-up.

Total sleep time, WASO, sleep efficiency, and
subjective sleep quality was non sig.
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Adjustments:

Bozigar et al. (2023): age, race, United States region of residence, living alone, smoking status, alcohol consumption, hypertension, diabetes,
greenness, spouse’s education, and night light.

Brink et al. (2023): age, gender, and nighttime sound level (dB) at the bedroom fagade.

Héritier et al. (2014): age, gender, marital status, education, physical activity, and smoking.

Martens et al. (2018): age, gender, smoking, education, neighbourhood income level, and year the measure was completed (baseline/follow-up).
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Air pollution
An & Yu Cohort N =14110 Air pollution Survey (2-items  87.1% completed follow-ups.
(2018) longitudinal (aged >18 M=  PM2.5. from Fatigue in
design. 18.06 CI: 18.04, Medical Increased PM2.5 was associated with increased
China 18.07; 67.39% Training daily average hours of nighttime/daytime sleep B =
Follow-ups female) Questionnaire).  1.07, p <.001.
at: 6-9, 22, undergraduate
and 30-32 students.
weeks.
Li et al. (2020) Prospective N =101 (aged > Air pollution Actigraphy and  97.03% completed follow-up.
cohort I8M=35SD= PM2.5, SO2, sleep diary.
United States longitudinal ~ 12; femalen=  NO2, O3 and Increased O3 was sig. associated with increased
design. 86) with CO. sleep duration (B = 7.51; CI: 3.23, 11.79) with
episodic actigraphy.
Follow-up: 6  migraines.
weeks. No other consistent association for O3, NO2, CO
and SO2 with sleep duration, sleep latency, WASO
and sleep efficiency.
Lin et al. Prospective N =40315 Air pollution Questionnaire. 100% n = 40315 selected for analysis.
(2023) cohort (aged 40-69; PM2.5, PM10,
longitudinal 48% female) NOX, NO2, CO, Increased CO (AHR = 1.83, p <0.001), SO2 (AHR
United design. from the UK and SO2. =2.58; p<0.001), PM10 (AHR = 1.35; p <0.001)
Kingdom Biobank. PM2.5 (AHR = 1.27; p < 0.001), NO2 (AHR =
Follow-up: 1.10; p <0.001), NOX (AHR = 1.06; p < 0.001)
8.7 years. and all air pollution combined (AHR = 1.20, p <

.001) were associated with increased risk of
insomnia.



Liu et al.
(2023b)

China

Martens et al.
(2018)

Netherlands

Yu et al. (2017)

China

Prospective
cohort
longitudinal
design.

Follow-ups
at: 2,4, 6, and
8 years.

Cohort
longitudinal
design.

Follow-up: 4—
5 years.

Cohort
longitudinal
design.
Follow-ups
at: 1,2, 3, 4,
5 and 6 years.

N=21878
(aged >45,M =
59.0, SD =11.0;
52.5% female)
from the China
Health and
Retirement
Longitudinal
Study.

N =14829 (31—
65 years old;
female 55.76%)
from the
Occupational
and
Environmental
Health Cohort
study.

N=3795
(females aged
>55, males age
> 60) retired
university
faculty and
staff.

Air pollutants
PM10, PM2.5,
PM1 and NO2.

Air pollution
NO2, NOX,
PM2.5 and
PM10, and self-
reported
exposure.

Air pollution
PM2.5.

Survey.

Medical
Outcomes Study
questionnaire.

Survey (2-items
from the Fatigue
in Medical
Training
Questionnaire).
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Increased PM2.5 (OR = 1.07; CI: 1.04, 1.11) and
PM10 (OR =1.02; 1.01, 1.04) was sig. associated
with increased likelihood of sleep disorders, and
increased PM2.5 (B =-0.07; CI: 0.08, 0.05), PM10
(B=-0.04; CI: 0.05, 0.03) were also sig. associated
with reduced sleep duration. NO3 (B = 0.05; 0.02,
0.09) was sig. associated with increased sleep
duration.

No other consistent association.
53.3% completed follow-up.

Cohort: Increased NO2 (B =0.15, p <.001), NOX
(B=0.05, p<.001), PM2.5 (B =0.59 p <.001),
and PM10 (B =0.63, p <.001) and self-reported
exposure to air pollution (§ =0.67, p <.001) was
associated with increased sleep disturbance.

Individual changes: Increased self-reported
perceived air pollution air was not sig. associated
with sleep disturbance.

23.3% completed follow-up.

Increased PM2.5 was associated with increased
sleep duration (B = 1.75, p <.001).
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Yu et al. (2019) Cohort N = 16889 Air pollution Survey (1-item  77.8% completed follow-up.
longitudinal ~ (aged>18 M= AQI, PM2.5, from the
China design. 18.44 SD = PM10, and Chinese Increased AQI (B = 0.68, p <.001), PM2.5 (B =
0.87;32.36% NO2. Pittsburgh Sleep  0.55, p <.01), PM10 (B =0.70, p < .001) and NO2
Follow-up: 5  female) Quality Index).  (B=0.51, p <.001) was associated with reduced
years. university daily hours of sleep.
students.
Adjustments:

An & Yu (2018): age, body mass index (BMI), self-rated mental health, self-rated physical health, drinking, smoking, percentage of rainy days
in the last week, average wind speed and average daily temperature.

Li et al. (2020): a participant identifier, day of week, day of year, and humidity and temperature.

Lin et al. (2023): age, gender, ethnicity, education, employment, work schedule, alcohol intake, Townsend Deprivation Index, smoking status,
coffee consumption, tea consumption, BMI, pain during the last month, depression and anxiety, nap habit, and night-time noise.

Liu et al. (2023b): age, gender, education, residence, marital status, disability, pension insurance, smoking status, alcohol consumption, type of
heating and cooking fuel.

Martens et al. (2018): age, gender, smoking, education, neighbourhood income level, and year the measure was completed (baseline/follow-up).
Yu et al. (2017): age, marital status, annual household income, self-rated health, BMI, days in hospital or homecare in the last year, number of
chronic diseases, smoking status, average daily temperature, average percentage of rainy days and wind speed in the last week.

Yu et al. (2019): age, BMI, self-rated physical health and mental health, drinking, smoking, temperature and rainy days in the last week.

Greenness
Astell-Burt &  Cohort N =38982 Green spaces, Survey. 82% completed follow-up.
Feng (2020) longitudinal (aged >45; tree canopy and
design. female 53.81%) open grass. Tree canopy (>30%) was sig. associated with a
Australia from the Sax lower likelihood of insufficient sleep (OR = 0.87;
Follow-up: 3- Institute’s 45 CI: 0.75, 0.99).
9 years. and Up Study. No other consistent association for green spaces,

open grass exposure, or other low lying vegetation.
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Liu et al. Prospective N=21878 Residential Survey. Greater greenness was sig. associated with reduced
(2023b) cohort (final data set; greenness. likelihood of sleep disorders (OR =0.91; CI: 0.86,
longitudinal aged>45 M= 0.96) and increased association with sleep duration
China design. 59.0, SD =11.0; (B=0.09; CI: 0.05, 0.13).
52.5% female)
Follow-ups from the China
at: 2, 4, 6,and Health and
8 years. Retirement
Longitudinal
Study.
Stenfors et al.  Cohort N =19375 Green spaces. Survey (the Green space at a buffer zone of 50m was
(2023) longitudinal  (final data set; Karolinska associated with reduced sleep difficulties (f = -
design. aged > 18; Sleep 0.012 p <.010).
Sweden 56.2% female) Questionnaire).
Follow-ups from the No other consistent association for green space in
at: 2 and 4 Swedish zones of 100m, 300m, 500m and 1000m.
years. Longitudinal
Occupational
Survey of
Health study.
Adjustments:

Astell-Burt and Feng (2020): age, gender, couple status, education, economic status and annual household income.
Liu et al. (2023b): age, gender, education, residence, marital status, disability, pension insurance, smoking, alcohol, type of heating and cooking

fuel.

Stenfors et al. (2023): age, gender, marital status, having children living at home or not, education, employment, disposable annual income,
municipality size, neighbourhood mean annual income, physical activity and heavy drinking.
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Neighbourhood characteristics

Hu et al. (2024) Prospective

United States

Kim et al.
(2022b)

United States

Kim et al.
(2023)

United States

cohort
longitudinal
design.

Follow-up: 4
times in a
year.

Cohort
longitudinal
design.

Follow-ups
at: 4 and 6
years.

Cohort
longitudinal
design.

N =511 (aged
>18, M =39.6,

SD =17.1; 100%

female) from
the Nurses’
Health Study 3
Mobile Health
Substudy.

N =1051 (aged

>18, M =54.6,
SD =16.5;

76.4% female).

from the
Pittsburgh

Hill/Homewood

Research on
Eating,
Shopping, and
Health study.

N =1051 (aged

>18, M = 54.6,
SD =16.5;

76.4% female).

from the
Pittsburgh

Walkability.

Crime and
neighbourhood
disorder.

Crime, urban
design,
walkability and
neighbourhood
disorder.

Fitbit.

Actigraphy.

Actigraphy.

54.05% completed follow-up.

Increased walkability was not significantly
associated with sleep duration and not consistently
associated with low or high sleep duration or
efficiency.

78% completed follow-up.

Higher crime rates were associated with decreased
sleep efficiency (RR =—0.55, p <.05) and
increased insufficient sleep (RR =1.05, p <.05)
and WASO (RD =3.73, p <.05).

More neighbourhood disorder was associated with
reduced sleep efficiency (RD = —0.46, p <.050).

No sig. for insufficient sleep, total sleep and sleep
efficiency, or WASO for each respective exposure.

78% completed follow-up.

Better urban design was associated with reduced
WASO (RD =-1.26, p <.050).



Follow-ups Hill/Homewood

at: 4 and 6 Research on

years. Eating,
Shopping, and
Health study.
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Higher crime rates were associated with increased
risk of insufficient sleep (RR =1.05, p <.050) and
WASO (RD =3.62, p <.050).

More neighbourhood disorder was associated with
reduced sleep efficiency (RD = —0.46, p <.050).

No sig. for insufficient sleep, total sleep and sleep
efficiency, or WASO for each respective exposure.

No sig. associations for walkability.

Adjustments:

Hu et al. (2024): age, race, education, marital status, employment, alcohol consumption, neighbourhood socioeconomic status, season, weekend
versus weekday, night-time noise, light-at-night, temperature at night and greenness during wake.

Kim et al. (2022b): age, gender, education, marital status, family structure, and the number of years in the current neighbourhood.

Kim et al. (2023): age, gender, education, marital status, family structure, vehicle availability, and the number of years in the current

neighbourhood.

Note. AHR = average hazard ratio; AQI = air quality index; B = standardized regression coefficient; BMI = body mass index; dB = decibel; CI: 95% confidence intervals;
CO = carbon monoxide; NO2 = nitrogen dioxide; NOX = nitrogen oxides; O3 = ozone; PM2.5 = particulate matter with a diameter of 2.5 micrometers; PM10 = particulate
matter with a diameter of 2.5 micrometers; RD = risk difference; RR = risk ratio; SO2 = sulfur dioxide; WASO = wake after sleep onset.
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Noise pollution

Ten studies assessed noise pollution on sleep across different time points, including
seven quasi-experimental and three cohort studies, with varied results between and within the
studies. The quasi-experimental papers included interventions aimed at reducing noise
pollution, where four of these found a positive change in sleep. Amundsen et al. (2013)
observed that sleep disturbance significantly reduced in the intervention group following a
facade insulation aimed to reduce traffic noise, while no changes were observed for the two
control groups. Two related studies similarly found that sleep disturbance was significantly
reduced after a road speed reduction (Brink et al., 2023) and after a night flight ban between
11pm and 5am (Schreckenberg et al., 2016). However, the latter study found no change in
disturbance when falling asleep or in the early morning, where the flights were still running
between Sam to 11pm. Nevertheless, this suggested improvement in nighttime sleep

disturbance following the noise reducing interventions.

A study by Ohrstrdm (2004) similarly reported improved sleep after the opening of a
road tunnel, yet there were some inconsistencies across the different sleep measures. Based
on the survey data, morning alertness increased and the frequency of taking more than 30
minutes to fall asleep decreased in the intervention group. Whilst the sleep logs showed
reduced awakenings due to traffic noise, less difficulty returning back to sleep, and improved
sleep quality. However, sleep quality showed no significant change in the survey data and
taking more than 30 minutes to fall asleep showed no change from the sleep logs, suggesting
differences between measures. Furthermore, difficulties initiating sleep, awakenings through

night and being tired did not improve from either assessment.

Two other studies found no change in sleep. Xu et al. (2023) compared one week of

having bedroom windows and doors remaining open or closed as usual and in the second
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week closing them. This intervention had the shortest duration, and no significant
improvement was observed for total sleep time, wake after sleep onset (WASO), sleep
efficiency, and sleep quality. Another study by Nilsson and Berglund (2006) similarly found
no significant effect for difficulties with falling asleep, awaken too early, and sleep quality
after an installation of a road noise-barrier. In line with this, one study found that sleep
worsened after a replaced or installed road noise barrier in three areas. Barros et al. (2024)
found that in area 1 and 3, the participants were significantly more likely to lie awake in the
morning, and area 1 and 2 found reductions in sleep duration. Additionally, there was no
improvement for the time it took to fall asleep, and oversleeping or feeling rested in the

morning in any areas.

In terms of the three cohort studies, these found a significant relationship between
noise pollution and poorer sleep health. Martens et al. (2018) reported that both increased
traffic noise exposure and self-reported noise had a small significant association with
increased sleep disturbance. Additionally, they also observed within-participant changes,
where increased self-reported noise exposure was associated with a corresponding modest
increase in sleep disturbance at follow-up. A related study by Bozigar et al. (2023) similarly
found that higher levels of airport noise modestly increased the likelihood of shorter sleep
duration. Additionally, the outcome from Héritier et al. (2014) showed that higher levels of
traffic noise annoyance had a small significant association with increased sleep disturbance at
both baseline and follow-up, with a slight increase. Increased road traffic noise had a small
indirect effect on this relationship. Taken together this suggested that increased noise could

have adverse effects on sleep.

Overall, the cohort studies showed more consistent outcomes, marked by elevated
noise being associated with worse sleep disturbance (Héritier et al., 2014; Martens et al.,

2018) and duration (Bozigar et al., 2023). In contrast, although the majority of the
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experimental studies found that the noise reducing interventions were linked to reduced sleep
disturbance (Amundsen et al., 2013; Brink et al., 2023; Schreckenberg et al., 2016) and
improved sleep patterns related to spending more time in bed asleep (Ohrstrom, 2004), they
showed more variability. Specifically, different sleep measures within the same study yielded
different outcomes (Ohrstrém, 2004), and interventions entailing installing or replacing noise
barriers (Barros et al., 2024; Nilsson & Berglund, 2006), in addition to closing bedroom
windows and doors coupled with a short timeframe (Xu et al., 2023) was not linked to

improvements in sleep.
Air pollution

Seven cohort studies assessed air pollution, including nitrogen dioxide (NO2),
nitrogen oxides (NOX), sulfur dioxide (SO2), carbon monoxide (CO), ozone (O3), air quality
index (AQI) and particulate matter with a diameter of 2.5 (PM2.5) and 10 (PM10), on sleep
health over time. There were differences between and within the studies, in terms of sleep
health parameters evaluated, types of air pollution assessed, and the strength and direction of

the relationships.

Four studies demonstrated that higher levels of air pollution were linked to negative
sleep health outcomes overtime. Yu et al. (2019) found that increased AQI, NO2, PM2.5 and
PM10, were moderately associated with worsened sleep duration. Similar results were
reported by Martens et al. (2018), which observed that higher levels of NO2, NOX, PM2.5,
and PM10 had small to large associations on elevated sleep disturbance. However, although
higher self-reported perceived levels of air pollution were significantly associated with worse
sleep on the cohort level, this was not the case for within-person change in perceived
exposure. Additionally, Lin et al. (2023) reported that increased concentration of CO, SO2,

PM10, PM2.5, NO2, NOX and these air pollutants combined, were associated with risks
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ranging from small to large for insomnia. This suggested that air pollutants might impose

barriers on sleep health.

In accordance with this, Liu et al. (2023b) similarly observed a slight rise in the risk
of sleep disorders and a small reduction in sleep duration with increased PM2.5 and PM10,
thus further supporting the notion that air pollutants could result in declined sleep. However,
they also found that increased NO3 was associated with a small elevation in sleep duration,
yet no consistent association for this pollutant on risk of sleep disorders. Similarly, three other
studies found a positive association between certain air pollutants and sleep health
parameters. A related study by Yu et al. (2017) reported that PM2.5 was associated with a
small increase in sleep duration, whilst Li et al. (2020) found that higher O3 was linked with
a moderate increase of sleep duration, yet no consistent association for NO2, CO, O3, and
SO2 with sleep latency, duration, efficiency and WASO. A similar study by An and Yu (2018)
reported that PM2.5 was associated with a moderate increase in daily average hours of

nighttime and daytime sleep combined.

These findings highlighted that NO2, NOX, and PM10 were generally associated with
poorer sleep health and disturbed sleep patterns, marked by worsened sleep duration and
increased risk of sleep disorders (Lin et al., 2023; Liu et al., 2023b; Martens et al., 2018; Yu
et al., 2019). In contrast, PM2.5 showed a more variable relationship, yet the majority of the
studies found that it was associated with worse sleep outcomes (Lin et al., 2023; Liu et al.,
2023b; Martens et al., 2018; Yu et al., 2019). Additionally, the improvement noted from O3
(Li et al., 2020) and NO3 (Liu et al., 2023b) on sleep duration, and the no change on within-
person change on perceived pollutants exposure (Martens et al., 2018), were only observed in

three studies respectively.
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Greenness

Three cohort studies assess green spaces on sleep at different time points. Although
improvements in sleep health were observed, the strength of the relationships varied and there

were mixed findings within and between the studies.

Liu et al. (2023b) found that greater greenness was associated with a slight increase in
sleep duration and a small reduction in the likelihood of sleep disorders. This suggested that
higher levels of greenness was associated with better sleep duration and a trend towards less
sleep disorders. The study by Stenfors et al. (2023), similarly showed that green spaces were
associated with a small reduction for sleep difficulties, yet only at a 50 meter buffer zone and
not for zones exceeding this. Subsequently, this indicated that proximity to green spaces had a
crucial role in influencing sleep. In contrast, Astell-Burt and Feng (2020) did not observe a
significant association between sleep and green spaces, open grass exposure, or other low
lying vegetation over time. However, tree canopy coverage exceeding 30%, slightly reduced

the risk of insufficient sleep over time, highlighting the importance of spatial distribution.

Together, these papers showed that while green spaces contributed to better sleep, the
proximity (Stenfors et al., 2023) and spread of greenness (Astell-Burt & Feng, 2020)

appeared to have an important role for sleep health.

Neighbourhood characteristics

Three cohort studies examined physical neighbourhood characteristics on sleep health
over time, which showed variable outcomes. Two papers assessed walkability on sleep, and
neither of them found a significant association, indicating a limited impact of walkability.
Specifically, Hu et al. (2024) found no significant association between walkability and low or
high sleep duration or efficiency. A related study by Kim et al. (2023) similarly found no

significant association between walkability and sleep efficiency, WASO or total sleep time.
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In terms of crime and neighbourhood disorder on sleep, two papers assessed this. Kim
et al. (2023) reported that higher crime rates were associated with a small and moderate
increased risk for insufficient sleep and WASO respectively, and more neighbourhood
disorder was related to a small reduction of sleep efficiency. They also found that better urban
design, which included presence of graffiti, neighbourhood signage and landscaping, was
linked to a small reduction of WASO, but no significant change was observed on the other
sleep parameters. Additionally, the study by Kim et al. (2022b), which used the same sample
with an added adjustment for vehicle availability, similarly found that neighbourhood
disorder was linked to a small reduction in sleep efficiency, and that higher crime rates was
associated with a small increase of WASO and risk of insufficient sleep. They also found a
small reduction in risk of sleep efficiency with increased crime rates, which Kim et al. (2023)
did not report. However, neither of the studies found that crime rates were significantly
associated with total sleep time, or that neighbourhood disorder impacted insufficient sleep,
total sleep time and WASO. This suggested that different neighbourhood characteristics

impacted different facets of sleep health.

Although walkability did not appear to have an impact on sleep health (Hu et al.,
2024; Kim et al., 2023), neighbourhood disorder and crime were linked to worse sleep,
characterised by greater risk of poorer sleep and reduction in sleep efficiency (Kim et al.,
2022b; Kim et al., 2023). Additionally, better neighbourhood design was observed to have a

positive influence on sleep, yet this was only assessed with one study (Kim et al., 2023).

Quality appraisal

All studies rated high in methodological quality, yet there was variability across the
dimensions. Specifically, for the k = 14 cohort studies assessed with CASP, k = 5 studies did

not use validated measures to assess sleep and instead relied on items in a survey (Astell-Burt
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& Feng, 2020; Bozigar et al., 2023; Hu et al., 2024; Liu et al., 2023b) or a bespoke
unvalidated questionnaire (Lin et al., 2023; Appendix D). Additionally, in k = 4 studies, only
23.3% to 54.05% of the participants completed the follow-up (Bozigar et al., 2023; Hu et al.,
2024; Martens et al., 2018; Yu et al., 2017). Two of these studies only included the
participants that completed all-time points in the analysis (Hu et al., 2024; Yu et al., 2017)
and the other two studies included all the participants’ responses (Bozigar et al., 2023;
Martens et al., 2018). However, for the latter two papers, one found that the participants who
only completed baseline and the follow-up sample had similar scores at baseline (Martens et
al., 2018), whereas the other study had the lowest response rate in the fourth wave (Bozigar et
al., 2023). K =2 studies did not explicitly state the number of participants at follow-up (Liu
et al., 2023b; Stenfors et al., 2023), whilst another study had a short time duration of only six-

weeks (Lin et al., 2023).

In terms of the populations, k = 7 studies used convenience samples, where k = 2
studies used university students (An & Yu, 2018; Yu et al., 2019), k = 1 study used retired
faculty and staff from a university (Yu et al., 2017), k = 1 study had a small sample of
participants with episodic migraines (Li et al., 2020), k = 1 with all female nurses (Bozigar et
al., 2023), and k = 2 studies with predominantly females (Kim et al., 2022b; Kim et al.,

2023). Subsequently, this might have limited the representativeness to other groups.

For the k = 7 quasi-experimental studies assessed with JBI (Appendix E), k =3
studies did not use a control group (Brink et al., 2023; Schreckenberg et al., 2016; Xu et al.,
2023). Additionally for all studies, it was unclear whether the outcomes were measured in a
reliable way (Barros et al., 2024; Brink et al., 2023; Nilsson & Berglund, 2006;
Schreckenberg et al., 2016) as the number of raters, their training and intra-rater reliability

was not disclosed.
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Discussion

The aim of this review was to assess longitudinal, including experimental,
associations between the physical environment on sleep health in adults. In turn, this
provided an understanding of temporal and causal relationships, which addressed a gap in the

literature, where prior reviews have mainly focused on cross-sectional findings.

Twenty-one papers were identified, which examined different facets of the physical
environment on sleep health over time. Overall, fourteen studies observed that increased
noise (Bozigar et al., 2023; Héritier et al., 2014; Martens et al., 2018) and air pollution (Lin et
al., 2023; Liu et al., 2023b; Martens et al., 2018; Yu et al., 2019), and adverse neighbourhood
characteristics, including crime and disorder (Kim et al., 2022b; Kim et al., 2023), were
associated with negative sleep outcomes. In contrast, green spaces (Astell-Burt & Feng,
2020; Liu et al., 2023b; Stenfors et al., 2023), better urban design (Kim et al., 2023), and
interventions aimed to reduce noise (Amundsen et al., 2013; Brink et al., 2023;
Schreckenberg et al., 2016; Ohrstrdm, 2004) were associated with improved sleep health. In
line with the socioecological model of sleep health (Grandner, 2019), this highlighted how
the broader contextual long-term impact of the physical environment acted as a protective or

risk factor.

In terms of noise pollution, this showed that airport or road traffic noise was linked to
poorer sleep health at follow-up, whilst interventions aimed at reducing noise demonstrated
improved sleep. This was in accordance with Hunter and Hayden (2018) and Smith et al.
(2022) narrative review and systematic review respectively. However, as they mainly
included studies that were cross-sectional in nature, the present review added to the literature
by asserting the long-term effects for sleep change. In turn, this positioned noise pollution as

an adverse factor on sleep over time, potentially as a result of activating the body’s stress
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response that interfered with sleep architecture (Liu et al., 2021). Nevertheless, although the
cohort studies showed consistent findings between elevated noise and worse sleep over time
(Bozigar et al., 2023; Héritier et al., 2014; Martens et al., 2018), the experimental studies
showed more variability (Amundsen et al., 2013; Barros et al., 2024; Brink et al., 2023;

Nilsson & Berglund, 2006; Ohrstrom, 2004; Schreckenberg et al., 2016; Xu et al., 2023).

Three experimental papers showed no change in sleep health parameters after
interventions aimed to reduce road traffic noise (Xu et al., 2023; Barros et al., 2024; Nilsson
& Berglund, 2006), where one of these studies also found worsened sleep (Barros et al.,
2024). However, one of these papers had a small sample and the intervention length was short
(Xu et al., 2023), whilst the other two studies used a bespoke unvalidated questionnaire
(Nilsson & Berglund, 2006) or a survey (Barros et al., 2024) to assess sleep. In contrast, the
other included studies with a longer intervention duration, larger samples and/or validated
sleep questionnaires found improvement in sleep following noise reducing interventions (e.g.
Amundsen et al., 2013; Bozigar et al., 2023). Additionally, at follow-up, these three studies
reported that the noise was still above the level recommended by the WHO (Berglund et al.,

2020; WHO, 2010), which could have resulted in suboptimal impact on sleep.

Despite these deviations, the majority of the included studies suggested that noise was
linked to worse sleep (Bozigar et al., 2023; Héritier et al., 2014; Martens et al., 2018) and that
noise reducing interventions improved sleep (Amundsen et al., 2013; Brink et al., 2023;
Ohrstrém, 2004; Schreckenberg et al., 2016). However, a small sample, short intervention
length (Xu et al., 2023) and using bespoke unvalidated sleep measures (Nilsson & Berglund,

2006; Barros et al., 2024) resulted in varied outcomes.

Similar to noise, most of the studies reported that higher levels of air pollution had a

detrimental impact on sleep health outcomes over time. This aligned with the systematic
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review by Zhao et al. (2023), which linked air pollution to risk of sleep disorders, yet they did
not assess the long-term implication of this. Subsequently, the present review added to the
understanding of the cumulative long-term impact of air pollution on sleep health. A possible
process for this could have been that air pollution entering the brain has been proposed to
reduce serotonin levels, which regulate sleep-wake cycles, leading to difficulties with falling
and staying asleep (Liu et al., 2021). Alternatively, air pollution entering the respiratory
system might result in airflow obstruction or inflammation, resulting in awakenings through
night (Liu et al., 2021). However, some of the papers showed mixed or opposing findings,
where increased O3 (Li et al., 2020), NO3, (Liu et al., 2023b) and PM2.5 (An & Yu, 2018; Yu
et al., 2017) were observed to be associated with improved sleep duration or combined day
and night sleep time, similar to the findings from the systematic reviews by Hunter and

Hayden (2018) and Liu et al. (2020).

In terms of the contrasting findings, a possible explanation for this could have been
that some of the studies used convenience samples, including retirees (Yu et al., 2017),
university students (An & Yu, 2018), or a small sample diagnosed with migraines (L1 et al.,
2020), which could have provided biassed outcomes due to poor representation of the general
population (Jager et al., 2017). Although one study used a more representative sample (Liu et
al., 2023b), they did not use a validated sleep measure, where the other included studies
found negative effects using validated measures (e.g. Martens et al., 2018; Yu et al., 2019).
Moreover, only one of the included studies assessed O3 with a small sample (Li et al., 2020),
yet a prior study with a larger sample using a similar objective sleep measure found a
negative impact from O3 (Zhou et al., 2023). Nevertheless, the studies generally found that
increased NO2, NOX, CO, SO2, and PM10 were associated with poorer sleep health (Lin et

al., 2023; Liu et al., 2023b; Martens et al., 2018; Yu et al., 2019), whilst PM2.5 showed a
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little more variability (Lin et al., 2023; Liu et al., 2023b; Martens et al., 2018; Yu et al.,

2019), which might have stemmed from methodological differences.

In relation to physical neighbourhood characteristics, including urban design,
walkability, neighbourhood disorder and crime, showed variable outcomes on sleep health
over time. Whilst some prior research has found that walkability has been associated with
better sleep (Smith et al., 2017), none of the papers found an impact of walkability on sleep
health (Hu et al., 2024; Kim et al., 2023). In turn, this might have been a result of competing
sources, whilst better walkability has been found to be linked with improved sleep (Adjaye-
Gbewonyo et al., 2023; Nam et al., 2018), it might also co-occur with exposure to air and
noise pollution and adverse neighbourhood characteristics, which could impair sleep (Billings
et al., 2020; Hale et al., 2020; Hunter & Hayden, 2018). Research has supported this notion,
as walking in a green environment has been found to improve sleep but not walking in a built
environment (Gladwell et al., 2016). Subsequently, this highlighted the importance of the
surrounding environment, including the presence of green spaces or levels of neighbourhood

disorder, which might be more critical than walkability itself.

Neighbourhood disorder and crime were other factors examined in the papers, where
higher levels of these were associated with worse sleep, whilst better urban design was linked
to improved sleep (Kim et al., 2022b; Kim et al., 2023). A mechanism behind this could have
been that disorder and crime activated the sympathetic nervous system and associated stress-
related responses, resulting in arousal and therefore impaired sleep (Mellman et al., 2018).
This was in accordance with the literature, which linked neighbourhood disorder, crime,
(DeSantis et al., 2013; Kim et al., 2022a; Richardson, 2021) and poorer urban design with
worse sleep (Sutil et al., 2024), yet this has mainly been examined cross-sectionally.

Subsequently, the present review contributed to the literature by highlighting the long-term
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effects. However, this should be interpreted with caution due to the small number of papers

and that they used the same sample yet adjusted for different factors.

Extending the focus to greenness, the studies assessing the longitudinal impact of
factors related to green spaces observed positive associations on sleep health, which asserted
it as a protective factor. This was in accordance with the systematic review by Shin et al.
(2020), which reported a positive relationship between exposure to green spaces and sleep,
yet they mainly assessed studies that were cross-sectional or interventions assessing walking
programs in green environments. In comparison, the present review’s findings highlighted
how green spaces influenced sleep over time and successively added to the evidence to
patterns of causality. A potential process for this could have been that green spaces and
vegetation reduced stress and promoted relaxation (WHO, 2016), which decreased arousal

and thus encouraged sleep (Grigsby-Toussaint et al., 2015).

Although greater greenness was associated with better sleep, distribution of 30% and
above (Astell-Burt & Feng, 2020), in addition to proximity within 50 meters (Stenfors et al.,
2023) emerged as important factors. Prior cross-sectional research has supported this stance,
where a study by Chum et al. (2015) found no relationship between sleep duration and green
spaces within a 250 meter buffer zone. However, even though one of the included papers
found that distribution of tree canopy coverage exceeding 30% was associated with better
sleep health, they did not find this effect for other more low-lying vegetation (Astell-Burt &
Feng, 2020). This might have been due to the satellite images of grass and vegetation being
obscured below the tree cover. In turn, this added nuance, by highlighting the importance of
widespread availability (Stenfors et al., 2023) and spatial distribution (Astell-Burt & Feng,

2020) of green spaces as important factors for promoting sleep health.
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Strengths and Limitations

Strengths of the review encompassed that a protocol was pre-registered, the PRISMA
guidelines were adhered to, and the review met the CASP systematic review checklist
criterions (Appendix F), except for the one related to meta-regression and associated
sensitivity analyses. The diversity of the physical environmental factors, sleep health
parameters and measures, made it difficult to carry out a meta-analysis (McKenzie &
Brennan, 2019) and therefore a narrative synthesis was selected, as this allowed to interpret a

broad topic (Greenhalgh et al., 2018).

Three databases were searched without limitation to year of publication, which could
have reduced bias by ensuring that relevant studies were included (Aali & Shokraneh, 2021).
However, a MeSH-terms search strategy was not employed, which has been proposed to
provide a higher proportion of relevant studies compared to text-word strategy (DeMars &
Perruso, 2022). Additionally, backward and forward citation searchers was not conducted,
which potentially could have omitted relevant papers (Gusenbauer & Gauster, 2025).
Nevertheless, a subject specialist librarian was consulted to ensure a robust search strategy,
and several search terms were included, which captured a wide array of papers from different
countries assessing various physical environmental factors on sleep over time, which

mitigated Western bias (Phillips & Greene, 2022).

Only published papers in English were included, which could have introduced
publication bias, as those with a significant effect have been proposed to be more likely to be
published (Franco et al., 2014) and papers not yet published could have been left out (Pappas
& Williams, 2011). Additionally, publications with negative outcomes have been found to be
less likely to be published in English and more probable to be published in the local language

(Heres et al., 2004), hence some studies could have been omitted. Nevertheless, a notable
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strength was that an independent researcher assessed a sub-sample of the papers during the
initial selection process and risk of bias assessment, where all studies were rated highly. This
showed high inter-rater reliability, which supported the accuracy of the results (McHugh,

2012).

Although the quality appraisal was high across studies, examination of the profile of
quality appraisal characteristics revealed a more nuanced pattern. This highlighted
heterogeneity between the studies, in terms of physical environmental factors assessed,
measures of sleep health and sleep parameters examined, as expected due to the broad topic.
Majority of the studies used self-reported sleep measures, and some did not rely on validated
measures. None of the studies used polysomnography, which has been considered the gold
standard measure of sleep (Rundo & Downey, 2019). However, four studies objectively

measured sleep, with either actigraphy or a Fitbit.

The follow-up period of some studies was short and some also used convenience
samples, which limited external validity. Additionally, two papers used the same sample, yet
they adjusted for different factors, and only one study assessed urban design. Hence,
interpretations should be approached with caution. Nevertheless, all studies were
longitudinal, with either a cohort or quasi-experimental design, which addressed a gap in the
literature by widening the understanding of temporal and causal relationships, where prior

reviews have mainly focused on cross-sectional outcomes.

Implications

Sleep was observed to be influenced by broader longitudinal effects of physical
environmental characteristics, widening the understanding of sleep not being solely
contingent on individual-level aspects of interpersonal factors or behaviours. While physical

environmental conditions could differ across countries, the physiological stress responses
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from these, which could impact sleep, have been evolutionarily conserved (Godoy et al.,
2018), making the findings relevant across the globe. In line with the upstream-downstream
metaphor (McMahon, 2022), this supported taking a wider upstream preventative perspective
to address underlying root causes that could promote or suppress sleep. In conjunction with
this, considering that sleep spans a concern across sectors as a pivotal determinant for mental
and physical health (Czeisler, 2015), this aligned with adopting a public health-informed

approach with a systemic view of how sleep could be addressed (e.g. Harper, 2017).

Based on this, Clinical Psychologists could contribute to interventions targeting the
physical environment by embedding in cross disciplinary collaboration on initiatives with
relevant stakeholders such as city planners, policymakers, other health practitioners, local and
national authorities, and community members. In turn, this could contribute to a
psychological perspective on physical environmental characteristics that give rise to or
mitigate poor sleep health and formulations to understand their relationships. Additionally,
drawing on public health data could inform these formulations and decision-making
processes. In parallel, within these forums Clinical Psychologists could also advocate for
policy changes to address the broader physical environment through reforms and

redistribution of resources (e.g., Corcoran, 2023).

Several different interventions and policies could target green spaces, neighbourhood
disorder, crime and design, and noise and air pollution to enhance sleep health. This might
involve mitigating noise pollution through regulating noise and flow from traffic,
soundproofing and curfews for roads and aircrafts, and implementing speed regulations.
Additionally, air quality could be improved through regulations and enforced taxes or
incentives to reduce emissions, tightening control on sources for industrial pollution and
traffic emissions, and improving public transport and cycling infrastructure. Other

interventions could entail building accessible green spaces, increasing tree lines and number
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of parks, in addition to refining urban planning and design, investing in people and the

maintenance of public spaces. In turn, this might result in a healthier population.

Direction for Further Research

More longitudinal data is needed that assesses noise and air pollution, green spaces,
physical neighbourhood characteristics, including urban design, crime, disorder and
walkability, on sleep health, to build up the evidence base further. Future research should also
consider examining interventions and policy changes that enhances the physical environment,
to assess potential improvements on sleep health. Additionally, sleep should be assessed
objectively with polysomnography or another objective measure. In turn, this could provide
reliable and accurate data, by reducing potential self-reported biases and increasing the
validity of the data. Lastly, investigating both individual and the co-occurrence of physical
environmental factors could allow for a comprehensive understanding of distinct effects and

how they interact in shaping sleep outcomes.

Conclusion

This systematic review assessed longitudinal associations between the physical
environment on sleep health in adults. Twenty-one studies, cohort and experimental, were
identified. Fourteen of these papers observed that increased noise and air pollution, and
adverse physical neighbourhood characteristics were negatively associated with sleep health
over time, whereas green spaces, better urban design, and interventions aimed to reduce noise
were linked to healthier sleep. However, walkability was not associated with sleep. Moreover,
some of the physical environmental categories had very few studies and some studies found
mixed or deviating findings, possibly due to methodological differences. Nevertheless, the
overall findings suggested that green spaces and better urban design acted as protective

factors for sleep, whilst air and noise pollution, and adverse physical neighbourhood
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characteristics, including crime and disturbance, operated as risk factors. In turn, this could
inform preventative interventions and policies to enhance sleep health, where future research

is urged to examine the outcome of these.
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Appraisal Date:

During critical appraisal, never make assumptions about what the researchers have done. If it is not
possible to tell, use the “Can’t tell” response box. If you can’t tell, at best it means the researchers
have not been explicit or transparent, but at worst it could mean the researchers have not
undertaken a particular task or process. Once you've finished the critical appraisal, if there are a large
number of “Can't tell” respanses, consider whether the findings of the study are trustworthy and
interpret the results with caution.
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Section A: Are the results valid?

1. Did the study address a clearly focused issue? | [_JYes[ | No[ ] Can'tTell

CONSIDER:

A question can be ‘focused” in terms of

« the population studied

the risk factors studied

is it clear whether the study tried to detect a beneficial or harmful effect
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Mle o »

. Did the authors use an appropriate method [ IYes I No[_JcCan'tTell
o answer their question?

—
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* s adescriptive/cross-sectional study an appropriate way of answering the question
* didit address the study question

3. Were the subjects recruited in an acceptable | [_JYes[ | No[ | Can'tTell
way?
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We are looking for selection bias which might compromise the generalisability of the findings:
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4. Were the measures accurately measuredto | [ JYes[ [No[ | can’tTell
reduce bias?
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e did they use subjective or objective measurements
e dothe measurements truly reflect what you want them to (have they been validated)

5. Were the data collected in a way that [ IYes_ I No[_JcCan'tTell
addressed the research issue?
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CONSIDER:

o |f the setting for data collection was justified

e fitisclear how data were collected (e.g., interview, questionnaire, chart review)
e |f the researcher has justified the methods chosen
.

if the researcher has made the methods explicit (e.g. for interview method, is there an indication of
how interviews were conducted?)

CONSIDER:

6. Did the study have enough participants to DYes |:| No D Can't Tell
minimise the play of chance?

= ifthe result is precise enough to make a decision

= (fthere is a power calculation. This will estimate how many subjects are needed to produce a
reliable estimate of the measure(s) of interest.

CONSIDER:

7. How are the results presented and what is [ Jves[ I No[ Jcan'tTell
the main result?

if, for example, the results are presented as a proportion of people experiencing an outcome, such

as risks, or as a measurement, such as mean or median differences, or as survival curves and
hazards

how large this size of result is and how meaningful it is
how you would sum up the bottom-line result of the trial in one sentence

8. Was the data analysis sufficiently rigorous? [Jves[ | No[_Jcan't Tell

CONSIDER:

if there is an in-depth description of the analysis process
if sufficient data are presented to support the findings

9. Isthere a clear statement of findings? [Jves[ ] No[_Jcan't Tell

CONSIDER:

if the findings are explicit

if there is adequate discussion of the evidence both for and against the researchers’ arguments
if the researchers have discussed the credibility of their findings
if the findings are discussed in relation to the original research questions

10.Can the results be applied to the local

heress [ Jves[ I No[ JcantTell
population?
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CONSIDER:

» the subjects covered in the study could be sufficiently different from your population to cause

concern.
* your local setting is likely to differ much from that of the study

11.How valuable is the research? [ Tves[ JNo[ ] can’

t Tell

CONSIDER:

« one descriptive/cross-sectional study rarely provides sufficiently robust evidence to recommend

changes to clinical practice or within health policy decision making

e [ftheresearcher discusses the contribution the study makes to existing knowledge (e.g., do they
consider the findings in relation to current practice or policy, or relevant research-based

literature?)

o iftheresearchers have discussed whether or how the findings can be transferred to other

populations

APPRAISAL SUMMARY: List key points from your critical appraisal that need to be considered when

assessing the validity of the results and their usefulness in decision-making.

Positive/Methodologically sound | Negative/Relatively poor
methodology

Unknowns




Appendix C
JBI Quasi-Experimental Quality Appraisal Tool

JBI CRITICAL APPRAISAL CHECKLIST FOR
QUASI-EXPERIMENTAL STUDIES

Reviewer Date

Author Year Record Number

Yes No Unclear Not
applicable

1. lIsitclear in the study whatis the ‘cause’ and what is
the ‘effect’ (i.e. there is no confusion about which ]
variable comes first)?

O O

2. Were the participants included in any comparisons D D
similar?

3. Were the participants included in any comparisons
receiving similar treatment/care, other than the ]
exposure or intervention of interest?

O O 0O
[

[l
[l
[l

4. Was there acontrol group? |:|
5. Were there multiple measurements of the outcome
both pre and post the intervention/exposure? [:l I:l D D
6. Was follow up complete and if not, were differences
between groups in terms of their follow up ] [l ] ]
adequately described and analyzed?
7. Were the outcomes of participants included in any D D D I:l

comparisons measured in the same way?

8. Were outcomes measured in a reliable way? ] O O ]

9. Was appropriate statistical analysis used? O 0O O ]

Overall appraisal:  Include I:l Exclude D Seek further info D

Comments (Including reason for exclusion)

© JBI, 2020. All rights reserved. JBI grants use of these Critical Appraisal Checklist for Quasi-Experimental Studies -

tools for research purposes only. All other enquiries

should be sent to jbisynthesis@adelaide.edu.au.
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Appendix D
CASP Cohort Quality Assessment
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Study Q1 Q2 Q3 Q4 Q5a Q5b Q6a Q6b Q7 Q8 Q9 Q10 Q11 Q12

An & Yu (2018).

Astell-Burt & Feng (2020)
Bozigar et al. (2023)

Héritier et al. (2014)
Hu et al. (2024)

Kim et al. (2022)
Kim et al. (2023)

Li et al. (2020)

Lin et al. (2023)

Liu et al. (2023b)
Martens et al. (2018)
Stenfors et al. (2023)
Yu et al. (2017)
Yuetal. (2019)

Y N/C Overall
12 2 High
13 1 High
10 4 High
13 1 High
13 1 High
12 2 High
12 2 High
12 2 High
13 1 High
12 2 High
13 1 High
14 0 High
11 3  High
12 2 High

Note. Y = Yes; N =No; C = Can’t tell; Y column = Yes counts; N/C column = No and Can’t tell count; Overall = yes answers of <5=low, 6-8=moderate, and >8-10=high

quality.



Appendix E
JBI Quasi-Experimental Quality Assessment

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Y NU NA Overall

Amundsen et al. (2013) 9 0 0 High

Barros et al. (2024) 8 1 0 High
Brink et al. (2023) 5 2 2 High
Nilsson & Berglund (2006) 8 1 0 High
Schreckenberg et al. (2016) 5 2 2 High
Ohrstrom (2004) g8 1 0 High

Xu et al. (2023) 5 2 2 High

Note. Y = Yes; N = No; U =unclear; NA = not applicable; Y column = Yes counts; N/U column = No and
Unclear; NA column = not applicable; Overall = yes answers of <4.5=low 4.5-6=moderate, and >6=high

quality.



Appendix F
CASP Systematic Review Appraisal Tool

ChSP

Critical Appraisal
Skills Programme

CASP Checklist:
For systematic reviews with meta-analysis of observational studies

Reviewer Name:

Paper Title:

Author:

Web Link:

Appraisal Date:

During critical appraisal, never make assumptions about what the researchers have done. If it is not
possible to tell, use the “Can’ttell” response box. If you can't tell, at best it means the researchers
have not been explicit or transparent, but at worst it could mean the researchers have not
undertaken a particular task or process. Once you've finished the critical appraisal, if there are a large
number of “Can’t tell” responses, consider whether the findings of the study are trustworthy and

interpret the results with caution.

66
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Section A: Is the basic study design valid for a systematic review?

1. Didthe systematic review address a clearly [ Jves|_ ] No[ JcantTell
formulated research question?

CONSIDER:
Did the researchers state a research question and a null hypothesis?

For a systematic review of observational studies, a research guestion can be ‘formulated’ in terms of the
PECOT(S) framework:

s Population

e FExposure/Risk factor

e Detection of a beneficial or harmful effect
Comparator/Controls

Outcome/s or Event/s

Time, e.g., length of time in which to detect outcomes or events, or time of exposure
e Setting

2. Didthe researchers search for appropriate | Jves| I No[ JcantTell
study design(s) to answer the research
question?

CONSIDER:

If the research question is concerned with the identification of risk factors or exposures associated with

a particular event or outcome, observational studies are appropriate study designs to address the

research question in a systematic review, for example:

e  Cohort studies follow a group of people who share a common characteristic or exposure over time
and compare them with another group who do not have that characteristic or exposure.

e  Case-control studies compare a group of people who have a specific outcome or condition (cases)
with a group of people who do not have it (controls) and look for differences in their past
exposures or risk factors.

e  (Cross-sectional studies measure the prevalence of a characteristic, outcome, or exposure in a
population at a single point in time or over a short period.

Notes to support interpretation of Section A, Questions 1 and 2:

If you answered “No” to both these guestions:

e |tislikely that the researchers did not clearly formulate the fundamental aspects of the research
question, and the most appropriate way of answering it. If this is the case, it is likely other
problems will arise during the conduct of the systematic review

e Consider whether it would be useful to continue with the critical appraisal process

Section B: Is the systematic review methodologically sound?
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3.  Were all the relevant primary research [Jves[ I No ] can't Tell
studies likely to have beenincluded in the
systematic review?

a) Searching for primary research studies

CONSIDER:

e Was the search strategy comprehensive and clearly reported?

e Didthe search include 1 or more of the major bibliographic databases, e.qg., MEDLINE/PubMed,
and Embase ?

e Did the researchers provide MESH terms for MEDLINE, or their equivalent for other databases?

o Were relevant subject-specific bibliographic databases searched?

e Did the search include non-English language studies?

e Did the researchers undertake citation searching, including hand-searching of reference lists from
primary research studies included in the systematic review?

* Did the search include unpublished studies? For instance, did the search include registers of
ongoing trials or preprint repositories?

e Didthe researchers consult experts in the field about potential primary research studies or ongoing
trials that could be included?

b) Screening primary research studies from the | [_Jves[ ] No[ ] Can't Tell
search

CONSIDER:

e Didthe researchers define appropriate eligibility or inclusion and exclusion criteria for the research
question?

e Did the researchers design and implement a robust process to screen the primary research
studies? For instance, two researchers working independently, with a third independent researcher
to resolve any disagreements.

e Was screening based on title and abstract of primary research studies found during the search?

e Did the researchers adhere to the eligibility criteria?

c) Selecting primary research studies to [ Jves[ I No [ JcantTell
include in the systematic review
CONSIDER:

Did the researchers design and implement a robust process to select the primary research studies
according to the eligibility criteria? For instance, two researchers working independently, with a
third independent researcher to resolve any disagreements.
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e Were decisions to include or exclude primary research studies based on full-text analysis?
* Didthe researchers adhere to the eligibility criteria?
o Was the level of agreement between the researchers responsible for selecting the primary

research studies calculated and reported? For instance, by calculating the kappa statistic of inter-
rater reliability ?

d) Summarising the search and its outputs [ves [ ] No[ ] can'tTell

CONSIDER:

Did the researchers present a PRISMA-type flowchart, including the numbers of primary research
studies that were:

e Duplicates?

» Screened out?

o Excluded, with the reasons for exclusion?

e [ncluded in the systematic review?

e [ncluded in the meta-analysis (data may not have been complete in some of the primary research
studies)?

4. Did the researchers assess the validity or [Jves[ I No[ ] can't Tell
methodological rigour of the primary
research studies included in the systematic
review?

CONSIDER:

Lack of methodological rigour in the individual primary research studies can affect the validity and
interpretation of the findings of the systematic review with meta-analysis.
= Didthe researchers use a validated tool to assess the methodological rigour of the primary
research studies included in the systematic review?
= Was the tool appropriate to assess the type(s) of study design(s) included in the systematic
review? For example, for case-control and cohort studies, the Newcastle-Ottawa Scale or the
ROBINS-E tool.

= Did the researchers present the findings from their quality assessment in sufficient detail, and
interpret them accurately?

5. Did the researchers extract, and present [ Jves [ I No[] can’t Tell
information from the individual primary
research studies appropriately and
transparently?

(a) Extraction of data
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CONSIDER:

e Didthe researchers design and implement a robust process for the extraction of data from the
individual primary research studies?

e Didthe researchers follow guidance on data extraction?

e Did the researchers use a standardised form or software programme to record the data to ensure
completeness and accuracy?

e Did the researchers extract the relevant data for the study-level characteristics and the results of
each primary research study?

(b) Presentation of data [ Tves] Ino[ Jcan'tTell

CONSIDER:

* Did the researchers present the key characteristics of the individual primary research studies,
e.g., in a table? For instance, the number of participants, the profile of participants (age, sex),
the intervention, the comparator, the outcome/s evaluated, and the study timeframe.

* Did the researchers present the results of the individual primary research studies in a Forest plot
or combination of table and Forest plot? For instance, the effect size/s, the confidence-interval
ranges, and the P values. NB: The Forest plot should also show the overall result from the meta-
analysis

Notes to support the interpretation of Section B, Questions 3-5:

If you answered “No” to these questions, it is likely that there is a lack of methodological rigour in the

conduct of the systematic review, which meansitis best to interpret the results with caution, and to

assess how those aspects of poor methodology will have an impact on the results of the systematic
review.

e For Question 3, a “No” response indicates that this systematic review may have missed primary
research studies that could have contributed to answering the research question; in a systematic
review with meta-analysis, the results of any missing primary research studies could have altered
the effect estimate for the systematic review.

® For Question 4, a “No” response indicates that the researchers did not identify any systematic bias
or confounding factors in the primary research studies that could have affected the results of the
systematic review; in the absence of this information, it is not possible for you to assess in what
ways the results of the systematic review could have been affected, and it is best to be cautious
when interpreting the results.

e For Question 5, a “No” response indicates that the researchers did not organise the data from the
primary research studies in a coherent way such that it could analysed appropriately, and thereby
reliable conclusions drawn from it.

If you answered “No” to all three questions in Section B, consider whether it would be useful to

continue with the critical appraisal process.

Section C: Are the results of the systematic review trustworthy?

6. Did the researchers analyse the pooled [ Jves[ I No [ Jcant Tell
results of the individual primary research
studies appropriately?
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CONSIDER:

* Didthe researchers undertake a sample-size estimation during the design and planning of the
systematic review?

* Did the number of participants whose outcomes were entered into the analysis meet that
estimation, i.e., was the sample size sufficient to detect any effect on the outcomes of interest?

* Didthe researchers use an appropriate effect measure?

* Didthe researchers provide confidence-interval ranges for the effect estimates in the systematic
review?

* Didthe researchers provide p values for the effect estimates in the systematic review?

* Didthe researchers provide a minimal important difference, that is the smallest possible difference
in outcome that would be meaningful to people experiencing the exposure or risk factor?

* Didthe researchers assess the level of statistical heterogeneity (variability) among the primary
research studies? For example, using the | statistic.

* Didthe researchers use an appropriate model of meta-analysis for the level of heterogeneity
among the primary research studies (a random-effects model if there was heterogeneity or a fixed-
effects model if the primary research studies were all investigating the same underlying effect) ?

* Didthe researchers perform any sensitivity analyses?

* Did the researchers analyse the reasons for heterogeneity using subgroup analysis or meta-
regression? For subgroup analysis, see Question 6.1, and for meta-regression see Question 6.2.

« Didthe researchers investigate the small-study-effect, and assess the potential for publication bias
in the systematic review (e.g., using a funnel plot)?

6.1 Subgroup analysis Yes| [ No[ ] can'tTell

CONSIDER:
Were the characteristics or effect modifiers for investigation:

* Specified in the study protocol, with the direction of effect, and statistical tests to be used?

* Clearly defined, with a rationale for selection?

*  Not closely related to other characteristics, i.e., differentiation is possible ?

* Andalysed in relation to the primary outcome?
If continuous data were allocated to categories, were the thresholds or cut-off points specified in the
study protocol together with a rationale?
If a large number of characteristics were investigated, or subgroup analyses conducted, did the
researchers adjust for multiple testing ?
Was a test for interaction undertaken to determine whether any subgroup effects were statistically
significant?
Was the analysis of effect modification based on comparison within rather than between studies?

6.2 Meta-regression Yes | _JNo[ ] can't Tell
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CONSIDER:
Were the characteristics or effect modifiers for investigation:
*  Specified in the study protocol, with the direction of effect?
*  Continuous data? If continuous data were allocated to categories, were the thresholds or cut-off
points specified in the study protocol with a rationale for selection?
If a large number of characteristics or effect modifiers were investigated, or meta-regression analyses
performed, did the researchers adjust for multiple testing ?
Was a test for interaction undertaken to determine whether any effects were statistically significant?
Was a random-effects model used for the meta-regression analyses?
Was the analysis of effect modification based on comparison within rather than between studies ?

7. Did the researchers report any limitations of | [ JYes[ ] No[ Jcan'tTell
the systematic review and, if so, do the
limitations discussed cover all the issues you
have identified during critical appraisal?

CONSIDER:

* Didthe researchers comment on the size of the sample in the meta-analysis and whether it was
large enough to detect an effect of the exposure or risk factor if there was one?

* Did the researchers consider the appropriateness of the effect measure or measures they used?

* Didthe researchers reflect on the precision of the results of the systematic review, i.e., the
confidence-interval range? The smaller the range, the narrower the confidence intervals, meaning
the result is more precise, and closer to the true effect size.

* Ifrelevant, did the researchers note whether the confidence-interval range included the “line of no
effect” (0 for a difference, 1 for a ratio, where the null hypothesis holds true), or whether the lower
limit of the confidence-interval range was close to the “line of no effect”, and discuss the
implications for the results of the meta-analysis?

* [f the results were statistically significant (i.e., they were less likely to be due to chance), did the
researchers discuss whether the results would be important or meaningful for the outcomes
experienced by individuals and/or populations using a minimal important difference specific to the
research question?

* Didthe researchers consider whether relevant primary research studies could have been missed?

* Did the researchers mention any systematic bias identified during the risk-of-bias/quality
assessment of the primary research studies, and explain how it might have influenced the effect
estimate in the meta-analysis?

* Did the researchers mention any potential sources of confounding that could have influenced the
effect estimate in the meta-analysis?

* Did the researchers discuss the implications of any sensitivity analyses?

* Didthe researchers discuss the impact of the level of heterogeneity on the results of the meta-
analysis?

* Didthe researchers investigate the reasons for any heterogeneity across the primary research
studies and discuss the implications? For subgroup analysis, see Question 7.1, and for meta-
regression, see Question 7.2.

» Did the researchers discuss the effect of any publication bias on the results of the meta-analysis?

7.1 Subgroup analysis [ Jves[ Ino[ JcantTell
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CONSIDER:

If characteristics or effect modifiers were not pre-specified, did the researchers address whether
bias was introduced into the analysis?

Did the researchers reflect on whether the characteristics or effect modifiers selected were well-
defined to ensure clarity about the effect being investigated?

If no rationale was given for the selection of specific characteristics or effect modifiers, or the
rationale was not supported by evidence or a plausible argument of meaningfulness, did the
researchers discuss whether this affected the validity or relevance of the subgroup analysis?

If characteristics or effect modifiers were closely related to other characteristics, did the
researchers mention the potential for confounding?

Did the researchers outline whether the sample sizes in any subgroup analyses were sufficient to
detect an effect of the exposure or risk factor on the primary outcome ?

If continuous data were allocated to categories, did the researchers address whether the
thresholds or cut-off points could have introduced bias into the subgroup analysis or were not
meaningful either clinically or in terms of public and population health?

If more than three characteristics or effect modifiers were investigated or subgroup analyses
performed, did the researchers adjust for multiple testing and consider the potential to generate
Type | errors?

Did the researchers explain the results of any tests for interaction, and whether they were
statistically significant?

Did the researchers discuss the implications of whether the results of tests for interaction were
quantitative or qualitative ?

If the analysis of effect modification was based on a comparison between studies, did the
researchers reflect on whether the number of studies in the smallest subgroups was large enough
for the results to be credible?

7.2 Meta-regression [ Tves] ITNo[ Jcan'tTell

CONSIDER:

If characteristics or effect modifiers were not pre-specified, did the researchers address whether
bias was introduced into the analysis?

If continuous data were allocated into categories, did the researchers address whether any
thresholds or cut-off points for categorisation were arbitrary and could have introduced bias into
the meta-regression or whether they were not meaningful clinically and/or in terms of public and
population health?

If more than three characteristics or effect modifiers were investigated, or meta-regression
analyses performed, did the researchers adjust for multiple testing and consider the potential to
generate Type | errors?

Did the researchers discuss the implications of any tests for interaction and whether they were
statistically significant?




If a random-effects model was not used to account for residual heterogeneity and/or mixed
effects, which would have allowed for both within-study and between-study variation, did the
researchers outline the implications for the results?

If the analysis of effect modification was based on a between-study comparison, did the
researchers reflect on whether the number of primary research studies in the meta-regression was
sufficient for the results to be credible?

Would the benefits of acting upon the [ Jves[ INo[ JcantTell
results outweigh any potential
disadvantages, harms and/or additional
demand for resources associated with acting
on the results?

CONSIDER:

e Are you clear about the likely benefits of acting upon the results bearing in mind the potential

impacts of any study limitations?

e Did the researchers identify any potential disadvantages, unwanted outcomes, or negative

impacts of acting on the results of the systematic review?
If so, did the researchers assess any benefits against the disadvantages, unwanted outcomes, or
negative impacts, and discuss the overall balance between benefit and harm?

e Did the researchers report any information on the potential demand for resources (e.qg., cost,

workforce, time, skills levels/skill mix, training needs, data collection and analysis, IT
requirements) that might be associated with acting on the results of the systematic review?

Notes to support interpretation of Section C, Questions 6, 7 & 8: If you answered “No” to these
questions, it is likely that the researchers did not analyse and interpret the information from
the primary research studies appropriately, nor did they discuss the limitations of the
systematic review as fully as possible so it is not possible for you to assess the trustworthiness
(validity and credibility) of the results of the systematic review. Finally, if there is no
information on the likely resource demands of intervention, it is not possible for you to judge
whether you have the resource capacity to act upon the results.

If you answered “No” to all three guestions in Section C, consider whether it would be useful to
continue with the critical appraisal process.

Section D: Are the results of the systematic review relevant locally?

9. Can the results of the systematic review be [ [ _JYes| [ No[ | Can'tTell
applied to your local population/in your
local setting or context?

CONSIDER:

Are there differences between your local population and the participants in the primary research
studies in the systematic review that would influence whether you would act upon the results?
Are there differences between your local setting and the settings or contexts in the primary
research studies in the systematic review that would influence whether you would act upon the
results?

Are there any outcomes or other factors that the researchers could have studied that would have
been useful to you bearing in mind the needs of your local population and/or setting?

Notes to support interpretation of Section D, Question 9;
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e [fyou answered “No” to this question, it is not necessary to answer Question 10 because,
irrespective of a systematic review's methodological rigour, the results are not applicable to the
individuals or populations for whom you are responsible.

e Ifyou answered “Yes” to Question 9, answer Question 10

Section E: Will the implementation of the results represent greater value for your service users or
population?

10. If actioned, would the findings from the [ Jves[ INo[ JcantTell
systematic review represent greater or
additional value for the individuals or
populations for whom you are responsible?

CONSIDER:
Value equals the Outcome/s (Benefit minus Harm) divided by the Resources required for
implementation.

*  What resources would be needed to take action on the findings of the systematic review? Take
account of various types of resource, not only costs, but also time, skills mix, skills development
or training needs, IT requirements, and other material resources.

» Ifnecessary, are you able to disinvest resources from other activities to be able to re-invest in
actioning the findings from the systematic review?

Notes to support interpretation of Section E, Question 10:

o [fyou answered “No” to this question, itis likely that the findings of the systematic review will not
confer greater or additional benefit or value on the individuals and/or populations for whom you
are responsible, despite the systematic review’s applicability to your local setting.

o [fyou answered “Yes” to the question, it is likely that the findings of the systematic review will
confer greater or additional benefit or value on the individuals and/or populations for whom you
are responsible, and you need to discuss with colleagues whether it would be appropriate to
implement the findings in your local setting.

What is your conclusion about the systematic [ Jves[ I No[_JcantTell
review — can it be used to support evidence-based
decision-making?

CONSIDER:
*  Would you use it to change practice or to recommend changes to care policy and procedures in
your organisation ?
*  Could you judiciously take action on the information about the exposure or risk factor without
delay?

10



CASP General SR Checklist: Collation of critical appraisal responses
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Yes

Checklist question

Can’t
tell

No

. Is the basic study design valid for a systematic review?

. Did the systematic review address a clearly formulated research question?

. Did the researchers search for appropriate study designs to answer the research

question?

. Is the systematic review methodologically sound?

. Were all relevant primary research studies likely to have been included in the

systematic review?

. Did the researchers assess the validity or methodological rigour of the primary

research studies included in the systematic review?

. Did the researchers extract, and present information on the individual primary

research studies appropriately and transparently?

. Are the results of the systematic review trustworthy?

. Did the researchers analyse the results of the individual primary research studies

appropriately?

. Did the researchers report any limitations of the systematic review and, if so, do

the limitations discussed cover all the issues in your critical appraisal?

. Would the benefits of acting upon the results outweigh any potential

disadvantages, harms and/or additional demand for resources associated with
acting on the results?

. Are the results of the systematic review relevant locally?

. Can the results of the systematic review be applied to your local population/in

your local setting or context?

E. Will the implementation of the results represent greater value for your service
population?

Users or

10. If actioned, would the findings from the systematic review represent greater or

additional value for the individuals or populations for whom you are responsible?

APPRAISAL SUMMARY: List key points from your critical appraisal that need to be considered when
assessing the validity of the results and their usefulness in decision-making.

Positive/Methodologically sound Negative/Relatively poor Unknowns

methodology
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Section Two: Empirical Study

Social Determinants of Mental Health and Distress as Concomitants of Sleep Disturbance: A

Structural Equation Modelling Approach
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Abstract

Objectives: Examining the association between sleep disturbance, mental health (depression,
anxiety, psychotic experiences), and social determinants of mental health at different levels of

Bronfenbrenner’s framework (microsystem, mesosystem, exosystem, and macrosystem).

Design and Method: A cross-sectional design (n = 2513) using the COVID-19 Psychological
Research Consortium UK wave 5 survey data, which was analysed using structural equation

modelling.

Results: Model fit indices were excellent (Comparative fit index = 0.950; Tucker-Lewis
Index = 0.956; square error of approximation = 0.050; standardized root mean square residual
= 0.078). Significant direct effects were found between sleep disturbance and material
hardship (B = 0.44, p <.001; exosystem), being female (f = 0.06, p = .005), having a minority
sexual orientation ( = 0.06, p = .011), socioeconomic stability (f =0.07, p = .038;
macrosystem), increased age (f =-0.11, p <.001), and support system (f =-0.11, p <.001;
microsystem and mesosystem). However, declared religion (f = 0.03, p =.137) and ethnicity
(B=0.01, p =.699) were not found to be significantly associated with sleep. The same
findings were observed for mental health, except for the direction of socioeconomic stability.
Sleep disturbance was found to mediate the relationships between mental health and the

social determinants.

Conclusion: This highlighted how social determinants acted as protective or risk factors for
sleep disturbance, in addition to sleep mediating the relationships between these determinants
and mental health. A public health approach could address this. Future research ought to

examine these outcomes.

Keywords: sleep, mental health, social determinants, structural equation modelling, adults.
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Practitioner Points

e Addressing wider socioecological factors through a preventative public health

approach in collaboration with wider stakeholders.

e Implementing interventions that could improve infrastructure for strategic
community-based support, cost of living and structural inequalities.

e Advocating for policy change through social reforms and redistribution of resources.
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Introduction

Sleep disturbance is characterised by difficulties with initiating and maintaining sleep,
daytime sleepiness, inconsistent sleep-wake cycles and unusual sleep behaviours (Cormier,
1990). Around 25% of people globally have reported dissatisfied sleep, and 6-10% have
experienced insomnia symptoms (Morin & Benca, 2012). In turn, this could have adverse
effects on daytime functioning (Altena & Ellis, 2021) and mental health (Cox & Olatunji,
2016). In parallel, sleep-related productivity loss was estimated at £30bn annually in the UK
(Hafner et al., 2017), which highlighted individual and economic consequences of sleep

disturbance.

Sleep disturbance has been attributed to a range of biological (e.g., Espafia &
Scammell, 2011) and psychological factors (e.g., Jansson-Frojmark & Lindblom, 2008).
However, solely focusing on these factors could limit the understanding of the multifaceted
components that impact sleep and subsequently mental health, which could prevent
addressing differences in sleep and result in suboptimal interventions and outcomes. Social
determinants of mental health could offer insight into sleep through a shared context, which
could account for both protective and risk factors in relation to individual, social, and societal
factors (Sturgeon, 2006). These determinants have been proposed to reflect economic, social
and environmental influences across the life span, such as material conditions, socioeconomic
factors, social support, and systemic and structural inequalities, which could interact with
individual characteristics (World Health Organization, 2014). Indeed, mental health
difficulties, such as depression, anxiety, and psychotic experiences, which encompasses a
broad range of clinical and subclinical symptoms prevalent in the general population
(McGrath et al., 2016; Zhang et al., 2023; Zhong et al., 2024), have been found to be
impacted by demographic characteristics (Lund et al., 2018; McManus et al., 2016; Post &

Veling, 2021), economic factors (Lund et al., 2018; McManus et al., 2016), material hardship
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(Arenas et al., 2019; Laaksonen et al., 2007), socioeconomic status (SES; Dougall et al.,

2024), and social and cultural characteristics (Lund et al., 2018).

Research has similarly reported a strong association between poor sleep and social
determinants of mental health. Specifically, material hardship, including food insecurity
(Mazloomi et al., 2023) and difficulties with paying bills (Child et al., 2021), has been linked
with poorer sleep. Furthermore, socioeconomic parameters, including lower income,
education, and employment have similarly been found to be associated with worse sleep
(Sosso et al., 2021). In contrast, having a strong support system (Kent de Grey et al., 2018),
including strong neighbourhood social cohesion (Johnson et al., 2017) and being married
compared to single (Hale, 2005), has been linked to better sleep. A potential mechanism
behind this could have been that poor economic situation (Sinclair et al., 2024), material
hardship (Pourmotabbed et al., 2020) and lack of social support (Cohen & Wills 1985) has
been associated with stress, which could trigger the release of cortisol (Smith & Vale, 2006)

and arousal that compromises sleep (Espie, 2002).

In terms of sociodemographic characteristics, these could buffer or amplify the
influence from social determinants (World Health Organization, 2014). Specifically, being
female (Zeng et al., 2020), increased age (Calem et al., 2012), belonging to a global majority
group (Billings et al., 2021; Groeger & Hepsomali, 2023) or having a minority sexual
orientation (Butler et al., 2020) have been associated with reduced sleep. Furthermore, similar
outcomes have been reported for caregiving responsibilities (Byun et al., 2016) and having

non-religious beliefs (Ellison et al., 2011; Krause & Ironson, 2017).

Whilst some papers examined social determinants in isolation, a few studies have
assessed a combination of factors. A study by Grandner et al. (2015) with a US sample found

that insufficient sleep was associated with being Black/African American, female, unmarried
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and lower age. Moreover, socioeconomic factors, including lower income and education,
unemployment and not having health insurance, and poorer physical and mental health,
showed similar outcomes. A related study by Wu et al. (2025) found that Chinese women
with a minority sexual orientation had worse sleep compared to cisgendered heterosexual
women. Using structural equation modelling (SEM) they also observed that the women with
a minority sexual orientation had lower social support, which reduced social and
environmental quality of life that subsequently worsened sleep. However, these papers did

not draw on the guidance of a theoretical framework.

Emerging evidence has similarly suggested that sleep disturbance play an important
role in the development of poor mental health (Li et al., 2016; Cox & Olatunji, 2016; Pigeon
et al., 2017). Sleep disturbance has not only been found to predict mental health (Baglioni et
al., 2011; Hertenstein et al., 2019; Reeve et al., 2015), yet also mediate the relationship
between poor mental health and financial strain (Chai & Lu, 2025), SES (McGuftog et al.,
2023; Moore et al., 2002), neighbourhood quality (Hale et al., 2013) and social support (Gu et
al., 2024). A possible explanation for this could have been that sleep disturbance has been
found to amplify amygdala reactivity and reduce connectivity with the medial-prefrontal
cortex (Yoo et al., 2007), which has been proposed to contribute to emotional dysregulation

and thus mental health difficulties (Walker & van Der Helm, 2009).

In order to fully understand and address the complex interplay between sleep and
social determinants of mental health, Bronfenbrenner’s systems theory (1977) could offer a
structural theoretical insight into contextual systems in relation to sleep. This framework
highlighted the influence from the surrounding environment, broader social context, and their
interactions with each other, which encompasses four systems; microsystem refers to the
immediate contacts with the environment (e.g., family and neighbourhood); mesosystem

relates to connections between immediate point of contacts (e.g., between family and
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neighbours); exosystem takes into account the interaction between formal and informal
structures (e.g., between family and community resources); and the macrosystem focuses on
cultural elements (e.g., customs, laws and regulations; Bronfenbrenner, 1977).
Correspondingly, this multivariable and multileveled approach could consider the influence
of several factors at different levels that might contribute to sleep disturbance. Subsequently,
this holistic approach could highlight how sleep might be shaped by broader contextual
environmental and social experiences rather than choices, which could recognise systemic

1ssues.

Bronfenbrenner’s model has been applied for various contexts in relation to mental
health, which provided recommendations for interventions and policies at the different levels.
Specifically, the framework has been used to align social determinants of mental health with
the United Nations Sustainable Development Goals (Lund et al., 2018), to understand mental
health for men (Early & Devine, 2024), exploring mental health services for older adults in
rural areas (Sanders et al., 2008) and counselling strategies for immigrant women (Yakushko
& Chronister, 2005). A few papers have also drawn on Bronfenbrenner’s model in relation to
sleep. A review paper by Grandner et al. (2010) describe potential pathways between sleep
and mortality, through impacts on physical health, across the different levels, yet they did not
empirically test the model. Another paper by Li (2024) referenced the framework to position
peer support as a micro-level influence on university student’s sleep, however, the full model
was not applied. Furthermore, a mixed-method study by McGuire et al. (2024) used the
different levels to inform an interview schedule related to sleep and to code the answers, yet it
was unclear how the result of room environment, sleep partner, and educational stress

mapped onto the levels.

Although the associations between sleep disturbance and social determinants of

mental health have been recognised, these have mainly been assessed in isolation or without a
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theoretical framework. Moreover, while some papers have referenced Bronfenbrenner’s
model in relation to sleep, this was used conceptually or descriptively without multilevel
interpretation. Thus, the influence of social determinants of mental health at the different
levels of Bronfenbrenner’s model on sleep, in addition to the role of sleep connecting these
factors to mental health, has not been fully understood. Examining this could add to the

research base by providing insight to wider relationships with a theoretical structure.

Research Aims

This UK adult population-based study’s primary aim was to explore associations
between sleep, mental health (depression, anxiety, psychotic experiences) and social
determinants of mental health, at different levels of Bronfenbrenner’s framework
(microsystem, mesosystem, exosystem, and macrosystem) using SEM. The secondary aim
was to test how well the proposed model fit the data by assessing underlying constructs and
relationships between variables. In turn, this could provide insight to the multifaceted nature
of sleep, highlight preventable differences and provide recommendations for interventions

and policies.

Method

Design

The study implemented a cross-sectional design and used the COVID-19
Psychological Research Consortium UK wave 5 survey data (C19PRC-UKWS5; McBride et

al., 2022a) conducted between March to April 2021.

Ethical Approval

The C19PRC-UKWS5 (McBride et al., 2022a) project received ethical approval by the

University of Sheffield (033759). The present study was registered using a self-assessment
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pro-forma with the University of Sheffield, which was approved by the University Research
Ethics Committee (057562; Appendix A). The study was pre-registered on Open Science

Framework (OSF; osf.oi/ry83n).
Participants

N = 2520 completed the CI9PRC-UKWS survey, and the inclusion criteria included
18 years or older, and having the ability to read and write in English. Prior to the C19PRC-
UKWS3, four previous waves had been carried out and the same participants who were part of
the initial data collection were invited to participate in each subsequent wave (McBride et al.,
2022a). At baseline, quota-based non-probability sampling was used to gather representative
data. For each wave, attrition was addressed by replenishing participants to fill gaps in quotas
for age, gender, and income, in addition, post-survey weighting ensured that the sample was

representative of the UK population.

Once the C19PRC-UKWS5 fieldwork started on 22" March 2021, all the participants
from the COVID-19 Psychological Research Consortium UK wave 4 survey (C19PRC-
UKW4; McBride et al., 2022b) were re-contacted (24 March to 20™ April 2021; n = 3867)
via SMS, email or in-app notifications. The recontact rate was n = 2484, and n = 107 were
screened out due to quality control checks, leaving n = 2377 with a 61.5% retention rate.
Attrition was predicted by lower household income, having children, and mental health
difficulties. This was followed by re-contacting n = 1082 participants, between 8™-20™ April
2021, who had completed any previous wave prior to the CI9PRC-UKW4 survey. The
recontact rate was n = 173, where n = 30 were screened out due to quality control checks,

leaving n = 143, with a retention rate of 13.2%.
Power Analysis

Monte Carlo simulations were completed to estimate statistical power for the SEM
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framework (Wang & Rhemtulla, 2021) using RStudio version 4.4.3 and lavaan syntax
(Rosseel, 2012). The framework included 54 indicators, five latent variables and 17
regression paths with a total of 73 parameters, where the effect size for the regression
coefficient was set to 0.3, representing moderate effects (Cohen, 1988). Statistical power was
set at 0.80, and simulations were run for sample sizes from 500-5000 with increments of 50,

with 1000 replications for each.

The model-level power was examined by fit indices meeting their corresponding
threshold, including Comparative fit index (CFI) > 95 = excellent, Tucker-Lewis Index (TLI)
> 95 = excellent, standardized root mean square residual (SRMR) < 0.08 = good, and square
error of approximation (RMSEA) < 0.05 = good (Hu & Bentler, 1999). Whilst the parameter-
level power assessed the proportion of factor loadings and paths that were statistically
significance at p > 0.05. This showed that at n = 600, the model-level (0.87) and parameter-

level (0.94) power exceeded 0.80.

Patient and Public Involvement

Patient and public involvement (PPI) was not implemented during the C19PRC-
UKWS5 study (McBride et al., 2022a) nor in the present study. PPI is commonly employed
during the initial stages of project development, involving reviewing data collection tools,
participant recruitment, consent forms and participant information sheets (Brett et al., 2014;
Tomlinson et al., 2019). In turn, as secondary data analysis was carried out this did not

present apparent ways to involve PPI (Morris et al., 2020).

Procedure

The C19PRC-UKWS5 survey (McBride et al., 2022a) aimed to examine the prevalence

of mental health and sleep difficulties, and to assess sociodemographic characteristics and
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experiences from the pandemic within the sample. However, as ethnicity was not collated

during this wave, the data for this was taken from the C19PRC-UKW4 survey.

Before going live, the survey was piloted on 22" March 2021 on a new general
population (n = 50), who were excluded from the final sample. This allowed to calculate the
median time it took to complete the survey, 19.34 minutes, and address any coding errors.

After the launch the median completion time was 31.28 minutes.

On 24th March 2021 the online survey went live, and it was supported by the platform
Qualtrics. Participants were provided with a participant information sheet (Appendix B) and
asked to complete informed electronic consent prior to completing the survey (Appendix C).
They were informed of their right to withdraw at any time and that their data would be treated
with confidence and no identifiable information was kept. Furthermore, the participants
provided consent for their data being used for secondary analysis and that geolocational data
was collected through their computer’s IP address, which recorded their residential postcode
stem. This was used to examine how many people had become poor due to COVID-19 in
their area. After this had been collated the geolocational data and IP addresses were removed.

The data 1s openly accessible for research purposes via OSF.
Measures
Sleep Disorders Symptom Checklist-17

The 17-items on the Sleep Disorders Symptom Checklist-17 (SDS-CL-17) assesses a
range of sleep disturbances, including insomnia, circadian rhythm, narcolepsy, obstructive
sleep apnoea, restless leg syndrome, and parasomnia, over the past year (Klingman et al.,
2017; Appendix D). The frequency of symptoms and experiences (e.g., “It takes me 30
minutes or more to fall asleep’) are rated on a 5-point Likert scale (0 “Never” to 4

“Frequently, more than 3 times per week’”). A total score range between 0-68, with a higher
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score indicating more severe sleep difficulties. The measure has been observed to have good
criterion validity (sensitivity 0.70-0.79 and specificity 0.64-0.80; Klingman et al., 2017) and

good internal reliability (Cronbach alpha 0.89; Savarimuthu & Subramanian; 2022).

Patient Health Questionnaire-9

The Patient Health Questionnaire-9 (PHQ-9) includes nine-items evaluating
frequency and severity of depressive symptoms (e.g., “Feeling down, depressed, or
hopeless’) on a four-point Likert scale (0 “Not at all”’ to 3 “Nearly every day”’) over the past
two weeks (Kroenke et al., 2001; Appendix E). The total score range between 0-27, and a
higher score indicate greater depressive symptoms. The PHQ-9 has been shown to have good
internal reliability (Cronbach alpha 0.89) and criterion validity (sensitivity 0.88 and

specificity 0.88; Kroenke et al., 2001).

Generalized Anxiety Disorder-7

The seven-items on the Generalized Anxiety Disorder-7 (GAD-7) assesses
experiences of anxiety (e.g., “Feeling nervous, anxious or on edge”) over the last two weeks
(Spitzer et al., 2006; Appendix F). Each item is scored on a four-point Likert scale (0 “Not at
all” to 3 “Nearly every day””) with a total score ranging between 0-21, where a higher score
represents greater anxiety. The GAD-7 has been shown to demonstrate excellent internal
reliability (Cronbach alpha 0.92), and high criterion validity (sensitivity 0.89 and specificity

0.82; Spitzer et al., 2006).

Psychosis Screening Questionnaire

The Psychosis Screening Questionnaire (PSQ) examines psychotic experiences
including presence of hallucinations, strange experiences, paranoid ideation, thought-
interference, and hypomania with a total of 17-items, where a higher score indicates greater

severity (Bebbington & Nayani, 1995; Appendix G).
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Modifications had been made in the CI9PRC-UKWS5 study. For each symptom, a
lifetime endorsement was assessed first (e.g. “Have there been times when you heard or saw
things that other people couldn't?”’; “Yes”, “No”’, “Unsure’’), which had to be recognised
before asking if these symptoms had been present in the past year (“Did this happen in the
last year?”; “Yes”, “No”’) and this was followed by a subsidiary question(s) corroborating
the first item (e.g. “Did you at any time hear voices saying quite a few words or sentences
when there was no one around that might account for it?”’; “Yes”, “No”’, “Unsure”).
Additionally, one of the subsidiary questions for hypomania was reversed-coded as “No”
indicated presence of symptoms and “Yes/Unsure” suggested a logical explanation. The
criterion validity for the PSQ has been reported to be excellent (sensitivity 0.89 and

specificity 0.82; Bebbington & Nayani, 1995).

Social Determinants of Mental Health

Sociodemographic Characteristics. Sociodemographic details were collected
(Appendix H) including; age (18-24; 25-34; 35-44; 45-54; 55-64; 65 years and over); gender
(male; female; transgender; prefer not to say; other); sexual orientation (straight /
heterosexual; gay / lesbian / homosexual; bisexual; other; prefer not to say); ethnicity (Afro-
Caribbean; African; Arab; Bangladeshi; Chinese; Indian; Other Asian; Other ethnic group;
Pakistani; White British/Irish; White non-British/Irish); and declared religion (Atheist;

Agnostic; Buddhist; Catholic; Hindu; Jewish; Protestant; Shia; Sikh; Sunni; Other).

Other factors gathered included relationship status (civil partnership; married;
cohabiting; in a committed relationship but not living together; single and never been in a
committed relationship; single but previously been in a committed relationship) and type of
secondary school the participant had attended (private boarding school; private day school;

state grammar school; state comprehensive school; home-schooled; did not attend secondary
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school; other) with one item each. Parental status (no children; child/children under 18 years
of age living in the household; child/children under 18 years of age living elsewhere;
child/children aged 18 years or over age living in the household; child/children aged 18 years
or over living elsewhere; someone else's child/children under 18 years of age living in the

household) was also assessed with one item, yet with multiple choices.

Neighbourhood Characteristics. Neighbourhood belonging and comfort was
assessed with three-items from the UK Community Life Survey (e.g., “How much do you feel
you belong to your immediate neighbourhood?’”) on a 4-point Likert scale (1 “Not at all” to 4

“Very much’’; Cabinet Office, 2015; Appendix I).

Household finances. Items related to household finances (Appendix J), included
yearly income in 2019 (£0-15,490; £15,491-£25,340; £25,341-£38,740; £38,741-£57,930;
£57,931 or more), employment status (employed full-time; employed part-time; self-
employed full-time; self-employed part-time; unemployed, but looking for work;
unemployed, looking after family or home; unemployed; long-term sick or disability; on the
furlough scheme; retired; full-time student) and receipt of benefits, excluding state pension
and child benefits (’Yes™’, “No”). Difficulties with paying bills was assessed with one item
adapted from the Eurobarometer Survey (“During the last month, would you say you found it
difficult to pay your bills?”) on a 5-point Likert scale (“Very difficult” to “Not at all difficult”;

Blanchflower & Clark, 2020).

Additionally, the eight-items on the Food Insecurity scale assessed food insecurity
(e.g., “You were worried you would run out of food because of a lack of money or other
resources?’’) during the last year (“Yes”, “No”’; Food and Agricultural Organisation, 2016).
Whilst the MacArthur Scale of Subjective Social status assessed perceived rank of social

status (1 worst off to 10 best off; Adler et al., 2000)
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Data Analysis

SEM, employing Jeffreys's Amazing Statistics Program (JASP) 0.19.2, was used to
assess the association between sleep disturbance, mental health (depression, anxiety,
psychotic experiences) and the social determinants, where lavaan syntax was used (Rosseel,
2012). SEM includes a measurement component depicting the relationship between latent
variables (underlying constructs) and their indicators (observed variables), and a structural
component representing the relationship between endogenous and exogenous variables

(MacCallum & Austin, 2000).

Weighted Least Squares with Mean and Variance adjustment (WLSMV) was selected
for estimation purposes as majority of the data was binary or ordered and it is suitable for
data that is not normally distributed (Li, 2016; Rhemtulla et al., 2012). Therefore, gender
(female), ethnicity (global majority), relationship status (in a relationship), religion
(declared), sexual orientation (minority), type of secondary school (private), parental status
(having children or children living in the household), and employment (employed) were
dummy coded to align with the requirement of WLSMV (Li, 2016; Rhemtulla et al., 2012).
Gender was dummy coded for female and male only, as transgender (n = 4) and prefer not to
say (n = 3) had very low cell sizes, which could reduce the power for detecting an effect
(Walker & Smith, 2020). Correspondingly, as gender was an exogenous predictor and
WLSMV employs listwise deletion for these variables with missing values (Rosseel et al.,
2024), the sample being analysed was N = 2513. Additionally, due to the n = 149 missing
data for ethnicity, imputation was performed using declared religion as the auxiliary variable.
Moreover, parental status and type of secondary school attended, did not load onto any latent
factor, nor did they predict any of the endogenous variables. Therefore, they were excluded
from the model (CFI =0.953; TLI =0.961; RMSEA = 0.049; standardized root mean square

residual SRMR = 0.078).
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Based on conceptual and statistical consideration, the PSQ subscales were used
instead of the individual items, which has been proposed to be acceptable in SEM
(Vinnicombe et al., 2023). The conditional nature of the follow-up items in relation to the
main item for each subscale, resulted in artificial correlations and estimation issues marked
by factor loading above 1. Additionally, the hypomania subscale had a factor loading of

0.091, similar to the findings from Thungana et al. (2023), and it was therefore removed.

Model fit. The model fit was assessed with CFI > 95 = excellent, TLI > 95 =
excellent, RMSEA < 0.05 = good, SRMR; < 0.08 = good, and chi-square (32) p <0.05 =
acceptable; Hu & Bentler, 1999). However, 2 could be sensitive to large sample sizes,
manifested as a significant effect despite a well-fitting model (Bentler & Bonett, 1980). In
contrast, other fit indices such as CFI and TLI have been considered more robust by

correcting for sample size effects (Hu & Bentler, 1999).

Measurement component. Sleep, mental health, and social determinants of mental
health, including material hardship, socioeconomic stability, and support system, which were
defined based on theoretical and conceptual relevance (Baker, 2014; Beverly, 2001; Person,
1986), were considered the latent variables. In contrast, the indicators were the observed

variables that measure the underlying latent constructs.

The dimensions which were used to evaluate the latent variables in the model were;
the items on the SDS-CL-17 (Klingman et al., 2017) determined sleep disturbance; the PHQ-
9 (Kroenke et al., 2001) and GAD-7 (Spitzer et al., 2006) items and the PSQ subscales
(Bebbington & Nayani, 1995) reflected mental health; paying bills and the eight-items on the
Food Insecurity scale (Food and Agricultural Organisation, 2016) determined material
hardship; income, receipt of benefits, employment and social rank represented socioeconomic

stability; and relationship status and the three-items from the UK Community Life Survey



93

(Cabinet Office, 2015), assessing neighbourhood belonging and comfort, determined support
system. Confirmatory factor analysis was used to assess this through factor loading based on
existing literature and theoretical meaningfulness, rather than through exploratory methods,
to confirm and assess hypothesised constructs (Brown, 2015). These were assessed and
interpreted using Hair et al. (2014) criteria; > 0.8 high, > 0.5 acceptable, and > 0.3 lowest

level of interpreting a construct.

Correlation amongst the residual variance for the exogenous variable’s indicators,
allowed to account for variance not captured by the latent constructs, which accurately
represented the structure of the shared variance and enhanced the model’s validity (Cole et
al., 2007). These were used conservatively and accounted for 5% and 3% of possible
indicator pairs for sleep disturbance and mental health respectively (MacCallum, 1995).
Theoretical meaningfulness was considered, including items being worded similarly, having a
shared concept, time-based framing, or reported by bed partner, in addition to examining

Modification Indices (MacCallum, 1995; Kenny, 2011).

Structural component. The sequence in which the variables were included was
determined by the literature (e.g., Baglioni et al., 2011; Chai & Lu, 2025; Gu et al., 2024;
Hale et al., 2013; Hale, et al., 2020; Hertenstein et al., 2019; Lund et al., 2018; McGuffog et
al., 2023; Moore et al., 2002; Reeve et al., 2015). Sleep and mental health were considered
the endogenous variables, whilst material hardship, socioeconomic stability, and support
system, in addition to age, being female, having a minority sexual orientation, belonging to

the global majority, and declared religion were the exogenous variables.

Direct effects were assessed to examine how the exogenous variables predicted sleep
disturbance and mental health. Additionally, indirect effects examined whether the

relationship between mental health and the exogenous variables were mediated by sleep
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disturbance (Baron & Kenny, 1986; Memon et al., 2018). The variables included in the

regression paths acted as controls and adjusted for each other.

Statistical significance was indicated by p > 0.05 and p = standardized beta coefficient
was used for the regression paths and factor loading. Outliers were assessed, yet the other
assumptions in SEM including normal distribution, linearity, and time-sequence were not

applicable due to the data being ordinal and cross-sectional (van Doorn et al., 2019).

Reflexivity

The author engaged in reflexivity through reflections in supervision and keeping a
reflexive journal, to enhance rigor, transparency, and ethical integrity, as per Jamieson et al.

(2023) recommendations for quantitative research.

The research questions stemmed from an interest in sleep, due to it being positioned at
the intersection of mental health difficulties and systemic influences, interlinked by
physiological, emotional and cognitive processes. Although this might have introduced
potential biases, reflexivity was embedded at different stages. The participants provided
consent for their data to be used in secondary analysis, indicating a level of agency.
Additionally, considerations were given to how the data was coded, selection of indicators to
latent variables, and variables to include in the regression and mediation based on theory. The
conclusions were also interpreted based on factual results and the findings spoke to the wider
research landscape, whilst also adding to it. In turn, reflexivity ensured that these steps were

not influenced by personal biases shaped by the interest in sleep.

Results

The SEM examined relationships between sleep disturbance, mental health and social
determinants of mental health. N = 2513 participants were included in the analysis with a

mean age of 51 (female 49.44%; table 1).



95

Table 1
Demographics.
Characteristics N =2513 (M, SD) %
Age M =51, SD =15.07
18-24 96 3.82
25-34 332 13.21
35-44 419 16.67
45-54 515 20.50
55-64 592 23.56
65+ 559 22.24
Gender
Male 1267 50.28
Female 1246 49.44
Sexual orientation
Heterosexual 2286 90.97
Non-heterosexual 227 9.03
Ethnicity
White 2375 94.51
Global majority 138 5.49
Declared religion
No 925 36.81
Yes 1588 63.19
Relationship status
Single 773 30.76
In a relationship 1749 69.24
Parent/children living in the household
No 1054 41.94
Yes 1459 58.06
Secondary school
Private 208 8.28
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Non-private
Household income
£0-£15,490
£15,491-£25,340
£25,341-£38,740
£38,741-£57,930
£57,931 or more
Employment
Employed
Unemployed
Unemployment due to the pandemic
Yes
Receipt of benefits
No
Yes

2305

478
464
561
517
493

1473
1040

23

2050
463

91.72

19.02
18.46
22.33
20.57
19.62

58.62
41.38

0.92

81.58
18.42

Note. M = mean; SD = standard deviation.

Model fit: The fit indices suggested excellent fit (CFI = 0.950; TLI = 0.956; RMSEA

=0.050; SRMR =0.078), yet y2 = 11798, p < .001, was significant, which was expected due

to the large sample size (figure 1).
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Model.
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Disorders Symptom Checklist; SS = support system; PHQ = Patient Health Questionnaire; PSQ = Psychosis Screening Questionnaire subscales.
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Measurement model: The observed indicators loaded significantly on to five latent
constructs, including sleep disturbance, mental health, support system, material hardship and
socioeconomic stability (Appendix K). Majority of the indicators had a standardised loading

ranging from 0.53 to 0.96, which suggested good convergent validity.

In terms of factor loading, the strongest indicators of sleep were item four (f = 0.83, p
<.001), fourteen (p = 0.80, p <.001) and seventeen ( = 0.80, p <.001) on the SDS-CL-17,
representing insomnia, narcolepsy and parasomnia respectively, whilst the most powerful
indicators of mental health were item one (B = 0.94, p <.001) and two (B = 0.94, p <.001) on
the GAD7. Furthermore, the second (f = 0.89, p <.001) and third ( = 0.89, p <.001) items
related to neighbourhood comfort on the Community Life Survey were the strongest
indicators of support system. Lastly, the most powerful indicators of material hardship were
items seven ( =0.96, p <.001) and eight (B = 0.95, p <.001) on the food insecurity scale,
and for socioeconomic stability it was not in receipt of benefits (f = 0.79, p <.001) and social

rank (B =0.74, p <.001).

However, four indicators had a factor loading just below 0.4, and although they were
weaker, they were significant and met the minimal level of interpreting latent constructs (Hair
et al., 2014). This included two items on the SDS-CL-17 (item six f = 0.34, p <.001; item
eight B =0.35, p <.001), being employed (B = 0.39, p <.001) and in a relationship ( = 0.38,
p <.001). These were retained as they contributed to their respective latent variable and the
overall model, in addition, they were statistically significant, where the model’s fit suggested
that they did not compromise the validity. In terms of the lower factor loading for the two
items on the SDS-CL-17, which belonged to the sleep apnoea and circadian rhythm
subscales, it is not uncommon for different but related items to have lower inter-item
correlation across subscales and more strongly within subdomains (Clark & Watson, 2016;

Nunnally & Bernstein 1994).
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Structural paths: For the direct relationship between sleep disturbance, mental health
and the exogenous variables (table 2), regression paths showed that increased material
hardship (B = 0.44, p <.001), socioeconomic stability (B = 0.07, p =.038), being female (f =
0.06, p =.005), and having a minority sexual orientation ( = 0.06, p =.011) had a significant
positive direct effect on sleep disturbance, indicating worse sleep. In contrast, increased age
(B=-0.11, p <.001) and support system ( =-0.11, p <.001) were found to significantly
predict sleep disturbance with a negative effect, suggesting that these factors were associated
with better sleep. Non-significant predictors included declared religion (f = 0.03, p =.137)

and ethnicity (B = 0.01, p =.699).

In relation to poorer mental health, this was strongly and significantly predicted by
worse sleep disturbance (B = 0.55, p <.001) with a positive effect. Additionally, material
hardship (B = 0.18, p <.001), being female ( = 0.06, p <.001) and having a minority sexual
orientation ( = 0.06, p <.001) were also significant with positive effects, which suggested
increased mental health difficulties. On the other hand, increased age (f =-0.18, p <.001),
support system (f =-0.17, p <.001) and socioeconomic stability (f =-0.06, p =.022) had a
significant negative effect with mental health, indicating better mental health. Similar to
sleep, declared religion ( =-0.02, p = .168) and ethnicity ( = 0.01, p = .620) did not show

significant effects on mental health.
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Table 2
Direct effects.
95% CI
Outcome Predictor B Std. p Lower Upper
Error

Sleep Gender (female) 0.06 0.02 .005 0.02 0.11

disturbance ., icity (global majority) 0.01  0.02 699 -0.04 0.05
Age -0.11  0.02 <.001 -0.16 -0.07
Sexual orientation (minority) 0.06 0.02 011 0.01 0.10
Declared religion 0.03 0.02 137 - -0.01 0.07
Support system -0.11  0.03 <.001 -0.16 -0.06
Material hardship 044 0.04 <.001 037 0.52
Socioeconomic stability 0.07  0.03 .038 0.01 0.13

Mental Sleep disturbance 0.55 0.02 <.001 0.52 0.60

health Gender (female) 0.06 0.02 <.001 0.03 0.10
Ethnicity (global majority) 0.01 0.02 .620 -0.03 0.04
Age -0.18  0.02 <.001 -0.22 -0.15
Sexual orientation (minority) 0.06 0.02 <.001 0.02 0.09
Declared religion (yes) -0.02  0.02 .168 -0.06 0.01
Support system -0.17 0.02 <.001 -0.20 -0.13
Material hardship 0.18 0.03 <.001 0.11 0.24
Socioeconomic stability -0.06  0.03 022 -0.11 -0.01

Note. B = standardized beta coefficient; CI = confidence intervals.

Several indirect effects through sleep difficulties were identified (table 3). Support

system (B =-0.06, p <.001) and age ( =-0.06, p <.001) had a significant negative indirect

effect on mental health mediated via sleep disturbance. This suggested that increased support

system and age lowered sleep difficulties, which then contributed to less mental health
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difficulties. In contrast, material hardship (f = 0.25, p <.001), being female (f = 0.04, p =
.004), and a minority sexual orientation (B = 0.03, p =.011) demonstrated a significant
positive indirect effect on mental health mediated through sleep disturbance, which indicated
that these factors led to increased sleep disturbance and successively worse mental health.
Additionally, socioeconomic stability (f = 0.04, p = .046) showed a significant positive
indirect effect on mental health mediated through sleep disturbance, suggesting increased
mental health difficulties. Considering that the direct and indirect effects were in different
directions, this reflected an inconsistent mediation, where the indirect pathway through sleep
suppressed the protective direct effect of socioeconomic stability on mental health. Moreover,
declaring a religion (B = 0.02, p =.151), and ethnicity ( = 0.01, p =.709) were not

statistically significant.

Table 3
Indirect effects.
95% CI
. Std.
Variables B Error P Lower Upper
Gender (female) — Sleep — Mental health 0.04 0.01 .004 0.01 0.06

Ethnicity (global majority) — Sleep — Mental health 0.01 0.01 .709 -0.02 0.03
Age — Sleep — Mental health -0.06 0.01<.001 -0.09 -0.04

Sexual Orientation (minority) — Sleep — Mental health 0.03 0.01 .011 0.01 0.06

Declared religion — Sleep — Mental health 0.02 0.01 .151 -0.01 0.04
Support system — Sleep — Mental health -0.06  0.01 <.001 -0.09 -0.03
Material hardship — Sleep — Mental health 0.25 0.02<.001 0.20 0.29
Socioeconomic stability — Sleep — Mental health 0.04 0.02 .046 0.01 0.07

Note. B = standardized beta coefficient; CI = confidence intervals.
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Discussion

This study sought to explore the association between sleep, mental health (depression,
anxiety, psychotic experiences) and social determinants of mental health within
Bronfenbrenner’s framework, using SEM. The hypothesized model of the observed data had
an excellent fit and the findings indicated that increased material hardship, socioeconomic
stability, being female, and having a minority sexual orientation was associated with worse
sleep disturbance, whilst increased age and support system were linked to better sleep. The
same findings were observed for mental health, except for socioeconomic stability, which
was associated with better mental health. Furthermore, increased sleep disturbance was
linked to worse mental health, and it was found to mediate the relationship between mental
health and support system, material hardship, socioeconomic stability, having a minority
sexual orientation, being female and age. However, ethnicity or declaring a religion were not
found to be associated with sleep nor mental health. These social determinants mapped on the

Bronfenbrenner’s framework (figure 2) and these findings are discussed further.
Figure 2

The findings applied to Bronfenbrenner s model

Sleep disturbance Mental health distress
Macrosystem q

] : = > Increased Decreased
Socioeconomic stability

Exosystem »  Increased Increased
Material hardship
Mesosystem > Decreased Decreased
Support system
Microsystem Decreased Decreased
Support system
Individual
Age. Decreased Decreased
Female and minority Increased Increased
sexual orientation.
Global majority and No significant association

declared religion.
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Certain social determinants were linked to poorer sleep. Specifically, material
hardship was found to increase vulnerability for sleep related problems. This was in line with
the literature, which has shown that sleep was affected by financial strain and stress
(Bierman, 2021; Hall et al., 2009), including food insecurity (Mazloomi et al., 2023) and
paying bills (Child et al., 2021). Material hardship aligned with the exosystem, which
suggested potential interactions between indirect formal structures, such as the welfare
system or minimum wage rates, and informal structures, for instance expensive groceries or
high rent, which in turn worsened sleep. Indeed, welfare cuts has been found to be linked to
poorer health (Gascoigne et al., 2023), whilst a higher minimum wage rate have been found
to be linked with better health (Sotirakopoulos et al., 2025). A potential mechanism for this
relationship could have been that material hardship increased uncertainty and stress (Pearlin,

1999), inducing physiological responses that interfered with sleep (Bierman, 2021).

Similarly to material hardship, higher levels of socioeconomic stability was associated
with greater reports of sleep disturbances. Situated within the macrosystem, societal
constructs, culture, and policies reward wealth through opportunities, status, and structural
benefits (Beckert, 2024), yet this might also come at the cost of pressures and stressors
reducing sleep. Although prior research predominantly reported opposing findings (Sosso et
al., 2021), a narrative synthesis by Papadopoulos and Sosso (2023) reported that higher
employment status and assets showed poorer sleep outcomes, whilst composite SES,
encompassing income, employment and receipt of benefits, showed mixed findings.
Subsequently, while socioeconomic stability might counteract financial and associated
lifestyle stressors (Hall et al., 1999), other factors embodied within SES such as status and
employment might in contrast raise stress (Akkiraju & Rao 2025; Schieman et al., 2009),

which could increase arousal and interrupt sleep (Espie, 2002).
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On a related note, although education has been proposed to be a prominent
socioeconomic factor (Baker, 2014), having attended private secondary school did not load
onto a latent construct nor was it associated with sleep or mental health. Considering that
prior research has shown that higher educational attainment was linked to better sleep
(Krueger & Friedman, 2009), this might have reflected that level of education could be more

meaningful rather than the type of secondary school attended.

The foregoing findings highlighted how social support could act as a protective factor,
where it was found to be associated with less sleep disturbance. These observations were in
accordance with the wider literature, where social support (Kent de Grey et al., 2018),
neighbourhood cohesion (Johnson et al., 2017) and being in a relationship (Hale, 2005) has
been linked to better sleep. Support system, representing the microsystem and mesosystem,
highlighted the influence from direct contact with the environment including a partner and
neighbours, and interactions between these direct contacts, where the presence of these were
linked to better sleep. A potential mechanism for this could have been that support networks
mitigated the negative effect of life stressors (Cobb, 1976), whilst a lack of this could disrupt
sleep (Johnson et al., 2017). Thus, this suggested that having a support system might buffer

against external stressors and instead promote sleep.

In terms of individual characteristics, being female and having a minority sexual
orientation was associated with worse sleep disturbance. Previous research has similarly
found that having a minority sexual orientation has been linked to reduced sleep, which might
reflect bullying and discrimination that could reduce sleep due to stressors (Leonard et al.,
2025). Furthermore, the literature has also highlighted that poorer sleep was more prevalent
for females compared to males (Zeng et al., 2020). In turn, this might reflect that women
undertake a greater share of domestic labour, including childcare and housework (Byun et al.,

2016), which could contribute to stress and less opportunities for restorative sleep (Ervin et
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al., 2022). Consequently, while men might hold a parental status, women tend to undertake
the majority of child caring responsibilities impacting sleep (Byun et al., 2016), which could
have explained why being a parent or having children living in the household was not

associated with sleep or mental health disparities.

Age was another factor examined by the current study, which showed that increased
age was associated with better sleep. This did not align with the literature, where poorer sleep
has been linked with normative aging (Calem et al., 2012). Considering that the sample of
younger adults was smaller compared to the other groups, this might have reduced power for
detecting an effect, yet some studies have reported similar findings (e.g., Gadie et al., 2017).
Other possible explanations could have been that younger adults report higher levels of stress,
ruminate on work before sleep (Hsu, 2019) and engage in more sleep incompatible lifestyle

and behaviours compared to older adults, which could disrupt sleep (Gibson et al., 2023).

Further individual-level characteristics examined included belonging to the global
majority and declaring a religion, where neither were associated with sleep or mental health.
This was inconsistent with prior research, which has reported that being religious has been
linked to better sleep or mental health (Ellison et al., 2011; Krause & Ironson, 2017),
potentially due to providing support and comfort during hard times that could counteract
stress (Hill et al., 2018). However, declaring a religion, might have reflected cultural norms
and social aspects without a personal connection and engagement in religious practices or
faith (Gans, 1994), where this distinction might have given rise to this discrepancy. The
literature has similarly documented that individuals from the global majority experience
poorer sleep (Billings et al., 2021; Groeger & Hepsomali, 2023), as a result of discrimination
and racism inducing stress (Slopen et al., 2016). Nevertheless, other studies have revealed
that those from the global majority who immigrated had better sleep compared to those who

were native-born (Jackson et al., 2014; Jean-Louis et al., 2001). Correspondingly, this



106

suggested that the impact of ethnicity on sleep might be guided by a combination of factors,

such as cultural practices, not fully captured in the present study.

Extending the focus to mental health, viewed through Bronfenbrenner’s framework,
both sleep disturbance and mental health were observed to be shaped by wider contextual
systems. However, sleep also acted as a pathway through which these systems, spanning
direct contacts, social, economic and cultural factors, influenced mental health, reflecting the
pivotal role of sleep within the socioecological landscape. Although previous research has
recognised some of these relationships (Hertenstein et al., 2019; Lund et al., 2018; McManus
et al., 2016) and the mediating effect of sleep (Chai & Lu, 2025; Gu et al., 2024; Hale et al.,
2013) an unexpected finding was that socioeconomic stability within the macrosystem
increased mental health difficulties through sleep disturbance. While previous research has
reported positive effects of higher SES on psychological wellbeing (Dougall et al., 2024),
embedded work pressures could compromise sleep (Akkiraju & Rao 2025; Schieman et al.,

2009) potentially offsetting any benefits.

Although some of these elements have been assessed previously (Grandner et al.,
2015; Wu et al., 2025), no prior research appeared to have explored these multiple factors
together within Bronfenbrenner’s framework. Subsequently, this integrated understanding of
individual characteristics and factors within the microsystem, mesosystem, exosystem, and
macrosystem mirrored real-world experiences on sleep. These observations might have
reflected stressors accompanied with the social determinants (e.g., Cohen & Wills 1985;
Sinclair et al., 2024; Helpman, 2023), which increased cortisol (Smith & Vale, 2006) and
arousal impacting sleep (Espie, 2002). In turn, sleep disturbance could have amplified
amygdala reactivity and reduced connectivity with the medial-prefrontal cortex (Yoo et al.,

2007), which contributed to emotional dysregulation and gave rise to worse mental health
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(Walker & van Der Helm, 2009). Thus, this highlighted the important role of sleep as a

central mechanism shaped by wider factors.

Strengths and Limitations

The cross-sectional nature of the study did not offer insight into longitudinal effects,
yet it provided an understanding of the relationships between sleep disturbance, social
determinants and mental health based on theory, where previous research has been limited.
Furthermore, the sample was large and representative, which allowed for reliable and
generalizable outcomes. However, the data was collected during the covid pandemic, which
might have impacted behaviours and patterns (e.g., Pedrosa et al., 2020). Nevertheless,
income was assessed based on 2019 income, very few participants (0.92%) were unemployed
due to covid, and sleep was assessed based on experiences over the past year, reflecting stable

patterns.

In relation to the data, a vast number of social determinants were examined, and sleep
disturbance and mental health was assessed with validated measures, enhancing accuracy.
However, as these were self-reported it could have led to social desirability bias or
over/underestimation of sleep, where an objective measure could have provided accurate
unbiased insight (Rundo & Downey, 2019). Moreover, the PSQ subscales were used rather
than the individual items as indicators, which has been proposed to be acceptable in SEM
(Vinnicombe et al., 2023). This approach was adopted due to the high dependency between
each main item for each subscale and their respective follow-up items, which led to high
levels of estimation instability marked by loading above 1 and artificial correlations. The
hypomania subscale was also excluded due to the low factor loading, in line with other
studies (e.g., p = 0.14; Thungana et al., 2023). A possible explanation for this could have been

that hypomania was related to positive affect, whereas the other mental health indicators were



108

linked to negative states. Four other indicators had factor loading just below 0.4. However,
these were included in the analysis as they were significant and met the minimal level for
interpreting latent constructs (Hair et al., 2014). Two of these items belonged to the sleep
apnoea and circadian rhythm subscales on the SDS-CL-17, which could have reflected less
endorsement or lower inter-item correlation with the other subscales, which is not uncommon

(Clark & Watson, 2016; Nunnally & Bernstein 1994).

In terms of the SEM model fit, 2 for was significant, yet it has been asserted that it
could be sensitive to large sample sizes (Bentler & Bonett, 1980). In contrast, the other fit
indices, which have been considered to be more robust, indicated an excellent fit (Hu &
Bentler, 1999). Furthermore, age showed reversed findings of what would be expected, and
there was no association for ethnicity or declaring a religion on sleep or mental health as
discussed earlier. Nevertheless, the author engaged in reflexivity, which could have reduced
risk of bias and enhanced methodological rigor, trustworthiness to the data coding, findings

and interpretations (Jamieson et al., 2023).

Implications and Future Research

Contained within the Bronfenbrenner’s model, the findings framed sleep disturbance
as a consequence of material hardship, support system, socioeconomic stability, and
individual characteristics, which subsequently contributed to mental health difficulties. These
findings likely have relevance across diverse settings, as housing, income and social support
have been found to be globally significant (WHO, 2014). Further research is encouraged to

examine the long-term effect of these relationships to determine causality.

In line with the upstream-downstream metaphor, this suggested taking an upstream
approach by preventing underlying root causes of sleep disturbance, instead of a downstream

position by reactively managing symptoms (McMahon, 2022). Subsequently, Clinical
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Psychologists could contribute to a preventative public health approach (Harper, 2017) with a
systemic focus on redistribution and social reforms (e.g., Corcoran, 2023) in collaboration
with different stakeholders, including social services, local authorities, healthcare providers,
educators, policymakers and people living in the community. Alongside this, Clinical
Psychologists could advocate for policy change in welfare, reforms, and redistribution of
resources. This could involve branching out and applying to strategic mental health roles
within councils and population management projects, in addition to joining or collaborating
with the British Psychological Society Public Health Divisions, taking advisory roles in
Publica Health England or engage in co-productions. Within these forums, Clinical
Psychologists could influence opinions by framing sleep as a public health priority, where
formulations linking sleep, mental health, and social determinants could contribute to
preventative policies, strategies and interventions. Clinical Psychologists could also integrate
population-level and epidemiological data into these recommendations to allow for context
sensitive formulations and interventions to target under-resourced areas or marginalised

groups.

Several different areas could be targeted in these interventions and policies.
Improving infrastructure for community-based support by setting up community and leisure
centres, parks, and libraries could enhance social support. Additionally, material hardship and
socioeconomic stability could be tackled through expanded welfare, food provision,
employment and education opportunities, in addition to workplace wellness initiatives and
revising laws around work hours and breaks. Furthermore, structural inequalities for
marginalised groups could be addressed through access and inclusive anti-discriminatory
laws, which could contribute to wider cultural and structural change. In turn, addressing these
aspects might prevent sleep disturbance and successively mental health issues from arising in

the first place. Further research might want to consider examining the impact of these
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strategies, interventions and reforms on sleep disturbance. Subsequently, this could highlight

changes and effectiveness for reversing sleep disturbance and areas for refinements.

Conclusion

The study’s findings provided new insight into the relationships between sleep
disturbance, mental health and social determinants within Bronfenbrenner’s framework,
where previous research has mainly assessed these factors in isolation or without theory.
Material hardship (exosystem), socioeconomic stability (macrosystem), being female, and
having a minority sexual orientation contributed to poorer sleep, whereas increased support
system (microsystem and mesosystem) and age emerged as protective factors. Similar
findings were shown for mental health, apart from the direction of socioeconomic stability,
where sleep disturbance mediated the relationship between these factors. These findings
highlighted how sleep disturbance was influenced by broader factors and acted as a pathway
through which social determinants impacted mental health. A preventative public health
approach could thus be taken to improve sleep, where future research is urged to assess the

outcome from these strategies.
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Appendix B

Participant Information Sheet

Participant Information Sheet

The COVID-19 pandemic in the UK: One year since lockdown

Last year, you participated in one or more surveys examining the possible psychological and
social effects of the coronavirus (COVID-19) pandemic - thank you. Your participation is
greatly appreciated and has been invaluable in helping us to understand the UK's experience
of the pandemic. It has now been one year since the UK government first imposed a
'lockdown'. We would like to now invite you to participate in a follow-up survey for this
same study. Before you decide whether you would like to take part, please read the following

information to ensure that you understand what it involves.

What is the purpose of the study and what does it involve? This survey is part of a wider
study to understand how the pandemic is affecting the lives of ordinary people over time. We
hope that the findings from this survey will be used to make recommendations about how to
best manage this and future pandemics and similar crises. We are therefore asking you to
complete a series of questionnaires online, which you will be taken to after this invitation. We
will ask you about your experiences of the pandemic (e.g. whether you have been infected
with coronavirus), your knowledge and attitudes towards the coronavirus pandemic (e.g. what
are your thoughts about a vaccine for the coronavirus); your health and well-being (e.g.,
physical health, mood, fears, unusual experiences) and your home life during the pandemic,

as well as your social attitudes (e.g., political beliefs).

We will also ask you about some topics which may be considered sensitive (e.g. difficult
childhood experiences) but you do not have to complete this section of the survey and will

have the option to skip these questions.
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You may have answered some of these questions in previous surveys you completed;
however, it will be very helpful to us if you answer these questions again so that we can
understand how your views may be changing during the pandemic. The survey will take you
approximately 30 minutes to complete. We may contact you again in the future to further
understand how your life is affected as the months pass, but you will be free to refuse to Page
2 of 164 participate at that stage if you then decide that you no longer want to be involved in

this study.

Do I have to take part? Participation is on a voluntary basis. If you do decide to take part,

you can withdraw at any time. You will not be asked to provide a reason for withdrawing.

What are the possible disadvantages and risks of taking part? We anticipate no risk of
harm from taking part in this study, although some of the questions may be quite personal. If
for any reason you experience any discomfort and feel that you can no longer continue, you
may withdraw from the study by just shutting down the browser. If you are worried about
COVID-19, you might find it helpful to visit the UK Government's COVID-19 website
https://www.gov.uk/coronavirus. If you are concerned or distressed by any of the topics

covered in the survey, you might find it helpful to seek support from your GP.

Will my participation in this project be kept confidential? Your data will be treated as
anonymous, and you will not be identifiable by the information that you provide to us.
However, we will record your computer’s IP address. We will use the IP address (and the first
part of your postcode which you may have provided during a previous survey) to locate the
neighbourhood in which you live and to find out what kind of area it is; for example, how
many people live in your area and how many people from your area become ill due to

COVID-19 in the future. Once we have this information, we will erase your postcode
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information and IP address from the database. Hence, there will be no possibility of linking

the information you provide directly back to you.

We will share the data with other scientists who may want to use it. However, we will require

them to observe the highest ethical standards when using it.

What is the legal basis for processing my personal data? According to data protection
legislation, we are required to inform you that the legal basis we are applying in order to
process your data is that ‘processing is necessary for the performance of a task carried out in
the public interest’ (Article 6(1)(e)). Further information can be found in the University’s

Privacy Notice https://www.sheftield.ac.uk/govern/dataprotection/privacy/general

Who is organising and funding the research? Researchers at the University of Sheffield,
Ulster University, University of Liverpool, and University College London are conducting
this study. It is funded by the UK Research and Innovation’s Economic and Social Research

Council.

Who is the Data Controller? The University of Sheffield is the Data Controller for this
study. This means that University of Page 3 of 164 Sheffield is responsible for looking after

your information and using it properly.

What will happen to the data collected, and the results of the research project? When the
results of the study are published in a scientific journal, you will not be identifiable. Your data

will be stored anonymously, with all personal information removed.

Who has ethically reviewed the project? Ethical approval was obtained from the University

of Sheffield, Department of Psychology Ethics Committee.


https://www.sheffield.ac.uk/govern/dataprotection/privacy/general
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What if something goes wrong and I wish to complain about the research? If you have
any concerns or complaints about the study, you may contact Dr Sarah Butter

(s.butter@sheffield.ac.uk) directly.

Also, you can contact the chief investigator: Professor Richard Bentall

(r.bentall@sheffield.ac.uk)

Alternatively, if your complaint has not been handled to your satisfaction you may contact

Professor Elizabeth Milne (Head of the Psychology Department; psy-hod@sheffield.ac.uk).

Contact for further information: If you have any questions regarding this study, please feel

free to contact Sarah Butter or the chief investigator Richard Bentall (details provided above).

Thank you for taking part in this study.


mailto:s.butter@sheffield.ac.uk
mailto:r.bentall@sheffield.ac.uk
mailto:psy-hod@sheffield.ac.uk
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Appendix C

Consent form

CONSENT TO TAKING PART

Please read and tick the statements below to indicate your consent to take part in the research.

You must agree to all of these statements in order to participate.

Please tick the appropriate boxes

Taking Part in the Project

Consent] I have read and understood the project information page. (If ‘No’ survey

terminated.)

o Yes

o No

Skip To: End of Block If I have read and understood the project information page. (If ‘No’

survey terminated.) = No

Consent2 I understand that my taking part is voluntary and that I can withdraw from the study
at any time while I am completing the survey; I do not have to give any reasons for why I no
longer want to take part and there will be no adverse consequences if I choose to withdraw.

(If “No’ survey terminated.)

o Yes

o No

Skip To: End of Block If I understand that my taking part is voluntary and that I can

withdraw from the study at any tim... = No
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Consent3 I understand that my geolocation data is going to be collected as part of
demographic information and that this data will be treated as strictly confidential. (If ‘No’

survey terminated.)

o Yes

o No

Skip To: End of Block If [ understand that my geolocation data is going to be collected as

part of demographic information... = No

How my information will be used during and after the project

Consent4 I understand and agree that other authorised researchers will have access to the data
from this survey only if they agree to preserve the confidentiality of the information as

requested in this form. (If ‘No’ survey terminated.)

o Yes

o No

Skip To: End of Block If I understand and agree that other authorised researchers will have

access to the data from this s... = No

Consent5 I understand that no information that identifies me will be revealed in any reports

or publications that arise from this survey. (If ‘No’ survey terminated.)

o Yes

o No

Skip To: End of Block If I understand that no information that identifies me will be revealed

in any reports or publicatio... = No
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Consent6 Project contact details for further information: Prof. Richard Bentall (Primary
Researcher; email: r.bentall@sheffield.ac.uk) Dr Sarah Butter (Researcher; email:
s.butter@sheffield.ac.uk) Prof. Elizabeth Milne (Head of Psychology Department; psy-

hod@sheffield.ac.uk)

Address: Cathedral Court, 1 Vicar Lane, S1 2LT


mailto:psy-hod@sheffield.ac.uk
mailto:psy-hod@sheffield.ac.uk
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Sleep Disorders Symptom Checklist-17

Sleep Disorders Symptom Checklist-17
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Over the past year...
Never Seldom Sometimes Often Frequently
(Once (1-3 (1-3 (More
ayear) timesper times than 3
month) per  times per
week) week)
1. It takes me 30 minutes or more 0 0 0 0 0
to fall asleep.
2. Iam awake 30 minutes or more 0 0 0 0 0
during the night.
3. I am awake 30 minutes or more 0 0 0 0 0
prior to my scheduled wake time
or alarm.
4. Iam tired, fatigued or sleepy 0 0 0 0 0
during the day.
5. Isleep better if I go to bed 0 0 0 0 0
before 9:00 pm and wake up
before 5:30 am.
6. Isleep better if I go to bed late 0 0 0 0 0
(after 1:00 am) and wake up late
(after 9:00 am).
7. 1fall asleep at inappropriate 0 0 0 0 0
times or places.
8. Thave been told that I snore. 0 0 0 0 0
9. I wake up during the night 0 0 0 0 0
choking or gasping.
10. Thave been told I stop breathing 0 0 0 0 0
when I sleep.
11. I feel uncomfortable sensations 0 0 0 0 0

in my legs, especially when
sitting or lying down that are
relieved by moving them.




12.

I have an urge to move my legs
that is worse in the evenings and
nights.
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13.

I wake up frequently during the
night for no reason.

14.

I have experienced sudden
muscle weakness when
laughing, joking, angry or during
other intense emotions.

15.

I have been told that I walk, talk,
eat or act strange or violent
while sleeping.

16.

I have nightmares.

17.

For no reason, I awaken
suddenly, startled, and feeling
afraid.
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Patient Health Questionnaire-9

Patient Health Questionnaire-9
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Over the last two weeks, how often have you been bothered by the following problems?

Several  More Nearly
days  than half every
the days day

Little interest or pleasure in doing things 0 0 0
Feeling down, depressed, or hopeless 0 0 0
Trouble falling or staying asleep, or sleeping 0 0 0
too much
Feeling tired or having little energy 0 0 0
Poor appetite or overeating 0 0 0
Feeling bad about yourself - or that you are a 0 0 0
failure or have let yourself or your family down
Trouble concentrating on things, such as 0 0 0
reading the newspaper or watching television
Moving or speaking so slowly that other people 0 0 0
have noticed? Or the opposite - being so fidgety
or restless that you have been moving around
more than usual
Thoughts that you would be better off dead or 0 0 0

of hurting yourself in some way
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Appendix F
Generalized Anxiety Disorder -7

Generalized Anxiety Disorder 7

Over the last two weeks, how often have you been bothered by the following problems?

Not Several  More Nearly
atall days thanhalf every
the days day

1. Feeling nervous, anxious or on edge 0 0 0 0
2. Not being able to stop or control worrying 0 0 0 0
3. Worrying too much about different things 0 0 0 0
4. Trouble relaxing 0 0 0 0
5. Being so restless that it is hard to sit still 0 0 0 0
6. Becoming easily annoyed or irritable 0 0 0 0
7. Feeling afraid as if something awful might 0 0 0 0

happen




Appendix G

Psychosis Screening Questionnaire

Psychosis screening questionnaire
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Unsure

1. PSQI

Have there ever been times when you felt very
happy indeed without a break for days on end?

2. PSQ PYI

You indicated yes, that there have been times
when you felt very happy indeed without a break
for days on end. Did this happen in the last year?

3. PSQla

When there have been times when you felt very
happy indeed without a break for days on end,
was there an obvious reason for this?

4. PSQIb

When there have been times when you felt very
happy indeed without a break for days on end,
did your relatives or friends think it was strange
or complain about it?

5. PSQ2

Have you ever felt that your thoughts were
directly interfered with or controlled by some
outside force or person?

6. PSQ PY2

You indicated yes, that there have been times
when you felt that your thoughts were directly
interfered with or controlled by some outside
force or person. Did this happen in the last year?

7. PSQ2a

When there have been times when you felt that
your thoughts were directly interfered with or
controlled by some outside force or person, did
this come about in a way that many people
would find hard to believe, for instance, through
telepathy?

8. PSQ3

Have there been times when you felt that people
were against you?

9. PSQ PY3

You indicated yes, that there have been times
when you felt that people were against you. Did
this happen in the last year?




10.

PSQ3a

Have there been times when you felt that people
were deliberately acting to harm you or your
interests?
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11.

PSQ3b

Have there been times when you felt that a group
of people were plotting to cause you serious
harm or injury?

12.

PSQ4

Have there been times when you felt that
something strange was going on?

13.

PSQ PY4

You indicated yes, that there have been times
when you felt something strange was going on.
Did this happen in the last year?

14.

PSQ4a

When there have been times when you felt
something strange was going on, did you feel it
was so strange that other people would find it
very hard to believe?

15.

PSQ5

Have there been times when you heard or saw
things that other people couldn’t?

16.

PSQ PY5

You indicated yes, that there have been times
when you heard or saw things that other people
couldn't. Did this happen in the last year?

17.

PSQ5a

Did you at any time hear voices saying quite a
few words or sentences when there was no one
around that might account for it?
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Appendix H

Sociodemographic characteristics

Age: What is your age?
0 18-24 years
0 25-34 years
0 35-44 years
0 45-54 years
0 55-64 years

0 65 years and over

Gender: What is your Gender?
o Male

o Female

o Transgender

o Prefer not to say

0 Other

Sexual orientation: How would you describe your sexual orientation?
o Straight / Heterosexual

o Gay / Lesbian / Homosexual

o Bisexual

o Other

o Prefer not to say

Religion: What is your religious identity?
o Atheist

0 Agnostic

o Catholic

o Protestant



o Sunni

o Shia

o Jewish

o Buddhist
o Sikh

o Hindu

o Other

Ethnicity: What is your ethnicity? (from wave 4)
o White British/Irish

o White non-British/Irish
o Indian

o Pakistani

o Chinese

o Afro-Caribbean

o African

o Arab

o Bangladeshi

o Other Asian

o Other ethnic group. Please specify
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Relationship status: We'd like to ask you about your current relationship status at this point

in time (how you are living now)

o Single - not currently in a committed relationship, but have previously been in a committed

relationship

o Single - never been in a committed relationship

o In a committed relationship but not living together

o Cohabiting
o Married

o In a civil partnership
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Parental/carer status: Please indicate which of these statements apply to your parental status
and living situation (tick multiple if needed).

o I do not have any children

o [ have a child/children under 18 years of age, and he/she/they primarily live with me in my
household

o [ have a child/children under 18 years of age, but he/she/they primarily live elsewhere

o I have a child/children aged 18 years or over, and he/she/they primarily live with me in my
household

o [ have a child/children aged 18 years or over, but he/she/they primarily live elsewhere

o Someone else's child/children under 18 years of age lives with me in my household

School: Which type of secondary school did you go to? (Tick all that apply)
o State comprehensive school

o State grammar school

o Private day school

o Private boarding school

o I was home-schooled

o Other. Please specify:

o I did not attend secondary school
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Appendix I

Neighbourhood characteristics

Neighbourhood belonging: How much do you feel you belong to your immediate
neighbourhood?

o Not at all

o Slightly

o Moderately
o Very much

Neighbour Comfort: How comfortable would you be with the following?

Asking a neighbour to keep a set of keys to your home for emergencies
o Very uncomfortable

o Fairly uncomfortable

o Fairly comfortable

o Very comfortable

Asking a neighbour to collect a few shopping essentials for you, if you were ill and at home
on your own

o Very uncomfortable
o Fairly uncomfortable
o Fairly comfortable

o Very comfortable
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Appendix J

Household finances

Income: Please choose from the following options to indicate your approximate gross (before
tax is taken away) household income in 2019. Include income from partners and other family
members living with you and all kinds of earnings including salaries and benefits.

0 £0 - 15,490 per year

0 £15,491 - £25,340 per year
0 £25,341 - £38,740 per year
0 £38,741 - £57,930 per year

0 £57,931 or more per year

Employment: What is your current employment status?
o Employed full-time o Employed part-time

o Self-employed full-time

o Self-employed part-time

o Unemployed, but looking for work

o Unemployed, looking after family or home

o Unemployed, long-term sick or disability

o Been placed on the government 'furlough' scheme

o Retired

o Full-time student

Benefits: Are you currently in receipt of any government benefits (not including child
benefits and state pension)?

o Yes

o No

Pay bills: During the last month, would you say you found it difficult to pay your bills?
o Very difficult

o Somewhat difficult



o Not very difficult

o Not at all difficult

Food security: During the last 12 months was there a time when:
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Question Yes No

1. You were worried you would run out of food because of a lack of 0 0
money or other resources?

2. You were unable to eat healthy and nutritious food because of a 0 0
lack of money or other resources?

3. You ate only a few kinds of foods because of a lack of money or 0 0
other resources?

4. You had to skip a meal because there was not enough money or 0 0
other resources to get food?

5. You ate less than you thought you should because of a lack of 0 0
money or other resources

6. Your household ran out of food because of a lack of money or other o 0
resources?

7. You were hungry but did not eat because there was not enough 0 0
money or other resources for food?

8. You went without eating for a whole day because of a lack of 0 0

money or other resources?

Social Rank: Think of a ladder representing where people stand in the United Kingdom. At
the top of the ladder are the people who are the best off—those who have the most money, the
most education, and the most respected jobs. At the bottom are the people who are the worst
off— those who have the least money, least education, and the least respected jobs or no job.
The higher up you are on the ladder, the closer you are to the people at the very top; the lower
you are, the closer you are to the people at the very bottom.

Rank: Please click the number below to show where you think you stand at this time in your
life, relative to the other people in the UK.

ol
02
03
o4
05
06
o7
08
09



ol0
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Appendix K

Factor loading table (supplementary)

Table Supplementary 1.

Factor loadings.
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95% CI
Latent Indicator B Std. p Lower Upper
error
Sleep SDS-CLI 0.53 002 <.001 049 0.56
disturbance  gpg.cr2 0.66  0.02 001 0.62  0.69
SDS-CL3 0.53 002 <.001 049  0.56
SDS-CL4 0.83 002 <.001 080 0.85
SDS-CL5 041 002 <.001 036 046
SDS-CL6 034 002 <.001 029 039
SDS-CL7 0.58 002 <.001 055 0.62
SDS-CLS 035 002 <.001 031 040
SDS-CL9 073 002 <.001 069 0.76
SDS-CL10 0.67 002 <.001 062 0.7l
SDS-CLI11 0.67 002 <.001 064 0.71
SDS-CL12 0.69 002 <.001 066 0.73
SDS-CL13 073 0.0l 001 070 0.76
SDS-CL14 0.80 002 <.001 076 0.83
SDS-CL15 075 002 <.001 071 0.79
SDS-CL16 0.67 002 <.001 064 0.70
SDS-CL17 0.80 0.0l 001 078  0.83
Mental Health  PHQI 0.85 0.0l 001  0.84  0.87
PHQ2 0.90 0.0l 001 0.89 091
PHQ3 0.81 0.0l 001  0.80  0.83
PHQ4 0.85 0.0l 001 0.83  0.86
PHQS 0.81 0.0l 001 079  0.83



Material
hardship

Support system

PHQ6

PHQ7

PHQ8

PHQ9

GADI1

GAD2

GAD3

GAD4

GADS

GAD6

GAD7

PSQ?2 subscale
PSQ3 subscale
PSQ4 subscale
PSQS5 subscale
Difficulties paying bills
Food insecurity1
Food insecurity2
Food insecurity3
Food insecurity4
Food insecurity5
Food insecurity6
Food insecurity7
Food insecurity8
Relationship Status

Neighbourhood
belonging]

Neighbourhood comfort2
Neighbourhood comfort3

Income

0.88
0.85
0.85
0.84
0.94
0.94
0.92
0.93
0.87
0.85
0.91
0.60
0.62
0.57
0.57
0.81
0.92
0.91
0.94
0.93
0.93
0.94
0.96
0.95
0.38

0.71

0.89
0.89
0.67

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.03
0.02
0.02
0.03
0.02
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.04

0.02

0.01
0.01
0.02

.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001

.001

.001
.001
.001

0.86
0.85
0.82
0.82
0.93
0.93
0.92
0.92
0.85
0.84
0.90
0.54
0.58
0.53
0.50
0.78
0.87
0.88
0.91
0.91
0.91
0.91
0.94
0.92
0.30

0.66

0.87
0.87
0.62
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0.89
0.88
0.87
0.87
0.94
0.95
0.93
0.93
0.88
0.87
0.92
0.67
0.66
0.61
0.63
0.85
0.95
0.93
0.96
0.96
0.96
0.96
0.98
0.97
0.45

0.75

0.92
0.92
0.71
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Socioeconomic Benefits 0.79 0.04 <.001 0.72 0.86
stability
Employment 0.39 0.04 <.001 0.32 0.46
Rank 0.74 0.03 <.001 0.69 0.78

Note. B = standardized beta coefficient; CI = confidence intervals; GAD = Generalized Anxiety Disorder;
PHQ = Patient Health Questionnaire; PSQ = Psychosis Screening Questionnaire; SDS-CL = Sleep Disorders
Symptom Checklist -17.



