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Abstract

Background Health education interventions are considered critical for the prevention and management of condi-
tions of public health concern. Although the burden of these conditions is often greatest in socio-economically
disadvantaged populations, the effectiveness of interventions that target these groups is unknown. We aimed to
identify and synthesize evidence of the effectiveness of health-related educational interventions in adult disadvan-
taged populations.

Methods We pre-registered the study on Open Science Framework https://osf.io/ek5yg/. We searched Medline,
Embase, Emcare, and the Cochrane Register from inception to 5/04/2022 to identify studies evaluating the effective-
ness of health-related educational interventions delivered to adults in socio-economically disadvantaged popula-
tions. Our primary outcome was health related behaviour and our secondary outcome was a relevant biomarker. Two
reviewers screened studies, extracted data and evaluated risk of bias. Our synthesis strategy involved random-effects
meta-analyses and vote-counting.

Results We identified 8618 unique records, 96 met our criteria for inclusion — involving more than 57,000 participants
from 22 countries. All studies had high or unclear risk of bias. For our primary outcome of behaviour, meta-analyses
found a standardised mean effect of education on physical activity of 0.05 (95% confidence interval (Cl) =-0.09-0.19),
(5 studies, n=1330) and on cancer screening of 0.29 (95% Cl=0.05-0.52), (5 studies, n=2388). Considerable statisti-
cal heterogeneity was present. Sixty-seven of 81 studies with behavioural outcomes had point estimates favouring
the intervention (83% (95% Cl=73%-90%), p <0.001); 21 of 28 studies with biomarker outcomes showed benefit (75%
(95%Cl = 56%-88%), p = 0.002). When effectiveness was determined based on conclusions in the included studies,
47% of interventions were effective on behavioural outcomes, and 27% on biomarkers.

Conclusions Evidence does not demonstrate consistent, positive impacts of educational interventions on health
behaviours or biomarkers in socio-economically disadvantaged populations. Continued investment in targeted
approaches, coinciding with development of greater understanding of factors determining successful implementa-
tion and evaluation, are important to reduce inequalities in health.
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Introduction

Health promotion and the prevention of ill-health via
population and individual level interventions are key
recommendations of the World Health Organization
for the management of communicable and non-com-
municable diseases [1, 2]. Specific health education
interventions are considered integral to system-wide
public health strategies [3, 4]. Such educational inter-
ventions commonly aim to promote understanding
about how behaviours impact health, and require indi-
viduals to have the capacity to acquire, understand and
operationalize the content of health education in order
to improve their health status [4, 5]. These capacities
are influenced by the social and economic circum-
stances of individuals’ lives [6, 7].

Social and economic circumstances also importantly
contribute to inequalities in health. This is depicted by
the ‘social gradient’ in health, [8] whereby the lower a
person’s socio-economic position, the poorer their
health status. ‘Unhealthy’ behaviours associated with
the development of chronic disease, such as smoking,
poor diet, too little physical activity, and low engage-
ment with preventative (e.g. screening) healthcare, are
more prevalent among individuals who are socially or
economically disadvantaged [9, 10]. Public health inter-
ventions to promote healthy behaviours may therefore
be of most importance for these populations.

Socio-economically determined disparities in health
outcomes can sometimes be further increased by
behavioural health promotion initiatives, particularly
those that are delivered across a large population. Ben-
efit seems to be related to individuals’ access to social
and economic resources and improvement is lowest in
disadvantaged groups [10, 11]. For example, peoples
abilities to respond to health promotion messages by
changing health behaviours (such as improving diet and
exercising regularly) vary widely — but changes are less
likely to be adopted amonst low-income groups [10].
Similarly, technological interventions to improve health
outcomes “work better for those who are already bet-
ter oft”(p. 1080), for reasons that stem from discrep-
ancies in accessibility, adoption, and adherence [12].
Intensive, small-scale interventions targeted to high
risk populations may be more likely to generate bene-
fits, but economic and practical issues commonly limit
broad implementation. Even the best-intentioned inter-
ventions frequently fail to reach, and to impact, those
whose health needs are greatest.

Although specific educational interventions to
improve health literacy and health-related behaviours
are considered integral to public health interventions,
little is known about the extent to which educational
interventions that target disadvantaged populations are
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effective, nor about the intervention characteristics that
are associated with success. Our principal objective was
to identify and synthesize evidence of the effectiveness
of health-related educational interventions in adult
disadvantaged populations. Our primary outcome was
health related behaviour, and our secondary outcome
was a biomarker related to the health intervention. Our
secondary objective was to summarise the characteris-
tics of effective interventions.

Methods

We registered our full protocol a priori on Open Sci-
ence Framework (https://osf.io/ek5yg/). Our study is
reported in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement, [13, 14] the Checklist of Items
for Reporting Equity-Focused Systematic Reviews
(PRISMA-E 20,212 Checklist), [15] and the Synthesis
Without Meta-analysis (SWiM) [16] reporting guide-
lines. We deviated from the registered protocol by
reconsidering our approach to addressing the second-
ary objective of this study and undertaking an addi-
tional vote-count analysis.

Search strategy and selection criteria

We developed a comprehensive search strategy with the
assistance of a health librarian and systematically searched
five electronic databases (MEDLINE, EMBASE, EMCARE,
and the Cochrane Central Register of Controlled Trials
(CENTRAL)) since inception to 20™ May 2020 to identify
eligible studies. We updated these searches on 5% April
2022. Studies were limited to those involving human par-
ticipants and available in English. Details of the search
strategies are provided in Appendix 1.

We searched for studies that assessed the effective-
ness of any health-related educational intervention
delivered to socio-economically disadvantaged adults in
any country. We defined health according to the World
Health Organization definition, as: “a state of complete
physical, mental and social well-being and not merely
the absence of disease or infirmity” [17]. We defined
socio-economically disadvantaged adults as belonging
to a socio-economically disadvantaged population, clas-
sified as: “an area, neighbourhood or community with
residents clearly defined as disadvantaged, relative to
the wider national population” [18] (p. 372). Socio-eco-
nomic disadvantage could be defined by factors includ-
ing (but not limited to) income, educational level, living
standards, and minority grouping. To be eligible for
inclusion, at least 75% of participants in the included
studies were required to meet this definition of belong-
ing to a socio-economically disadvantaged population
and be aged 18 years or over.
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Published, peer-reviewed experimental studies inves-
tigating the effectiveness of an educational intervention
on health-related outcomes were considered for inclu-
sion. Eligible designs included (but were not limited to):
randomised controlled trials, quasi-randomised and clus-
ter-randomised trials. We excluded studies that were not
published in English, pilot studies, reviews, commentar-
ies, and case study reports, studies that did not describe
the study population sufficiently to enable classification
as ‘socio-economically disadvantaged, and studies that
did not report at least one outcome of interest.

Interventions and outcomes

Studies included in this review must have evaluated the
effectiveness of an educational intervention. Interven-
tions were considered to be ‘educational’ if the authors
described the intervention as having intent to ‘educate’ or
‘inform! Studies evaluating an educational intervention as
their main objective or as a component of a comprehen-
sive intervention were eligible for inclusion. Individual,
group, community or population-based health educa-
tion interventions, delivered through any medium (e.g.
face-to-face, telephone, text, online, mass media) were
considered. Included studies needed to have compared
the educational intervention to any type of intervention,
placebo, or no-treatment control. The primary outcome
was health-related behaviour, or actions that individuals
take that affect their health [19]. All behavioural outcomes
that were considered to be health related and related to
the study intervention were regarded as relevant. The sec-
ondary outcome was any biomarker related to the health
condition the intervention was targeting (e.g. body mass
index (BMI) as a biomarker of weight loss; or Haemoglo-
bin A1C as a biomarker of diabetes control).

Screening and data extraction
Identified studies were retrieved and exported into End-
note citation management software (Clarivate Analyt-
ics, Philadelphia), and then imported into Covidence
systematic review management system (Veritas Health
Innovation Limited, Australia). Duplicates were removed.
Pairs of reviewers independently screened all titles and
abstracts for relevance according to the inclusion and
exclusion criteria (AG, CP, TA, LW and RS). The full texts
of potentially eligible studies were obtained, the article
further screened for eligibility and reasons for exclusion
recorded. Any discrepancies or disagreements between
the two reviewers were discussed. If agreement was not
met, a third reviewer (EK) was consulted to provide opin-
ion and a majority decision was made.

Pairs of reviewers independently extracted the rel-
evant data from each study using a standardised and
pilot-tested spreadsheet. The results were compared,
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discrepancies discussed, and a third reviewer was con-
sulted to resolve disagreements if required. The data
extraction template included the fields: study design,
health ‘condition; population characteristics (including
reason for classification as socio-economically disadvan-
taged), participant characteristics, sample size, details of
study intervention(s) and comparator, assessment time
points, outcomes, and results.

Risk of bias assessment

Pairs of authors independently evaluated the risk of bias
(ROB) for each study using the Cochrane Collabora-
tion’s tool for assessing ROB in randomised trials [20]. Six
domains were evaluated: selection bias, performance bias,
detection bias, attrition bias, reporting bias, and ‘other’
bias. We used the guideline provided by the Cochrane
Handbook to assess each item as high, low or unclear
ROB. A third reviewer was consulted to resolve any
disagreements between the independent evaluations if
required. Overall ROB was also assigned according to the
Cochrane Handbook. Low overall ROB was assigned for
studies where all key domains were low risk; unclear over-
all ROB was assigned when key domains were either low
or unclear; and high overall ROB was assigned when one
or more of the key domains were assigned a high ROB.

Data analysis

To address our primary aim — to identify and synthesize
evidence of the effectiveness of health-related educa-
tional interventions in disadvantaged populations — we
extracted effect sizes and precision estimates from the
included studies where available. If an effect size was
not reported we extracted the number of participants
in each condition, the means and standard deviations of
the observations (at the longest follow-up timepoint). We
examined the clinical and methodological heterogeneity
between the included studies to determine the appro-
priateness of combining the effect sizes to estimate an
overall effect for our primary and secondary outcomes.
To determine the appropriateness of data pooling we pri-
marily considered homogeneity of outcomes, follow-up
durations and comparison groups. In cases where studies
were considered to be sufficiently (clinically and method-
ologically) homogenous for pooling, but data were miss-
ing, we contacted study authors to request the missing
data. Authors were emailed, with a follow-up email sent
two weeks later. In the case of no reply a further email
was sent after another week, and if there was still no reply
the data were not included. Random effects meta-analy-
sis (DerSimonian and Laird model [21]) was conducted
using Comprehensive Meta-Analysis software (version
3We evaluated the quality of the evidence of the included
studies and rated the certainty of recommendations using
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the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) framework [22]. Publi-
cation bias was assessed by visual inspection of a funnel
plot; Egger’s test was applied if there were 10 or more
studies in the meta-analysis [23].

Since meta-analysis could only be performed on a pro-
portion of the studies, we summarised the overall effec-
tiveness of interventions for our primary and secondary
outcomes using a vote-counting approach [20]. When
studies specified a single primary outcome, we deter-
mined intervention benefit from that outcome. We clas-
sified ‘intervention benefit’ using a standardised binary
metric assigned according to the observed direction of
effect. This classification was based on the point estimate
of effect, without consideration of statistical significance
or the size of the effect. Studies with a point estimate
of effect in favour of the intervention were counted as
[1]; studies with a point estimate of effect in favour of
the control were not counted. When studies had two or
more outcomes, we applied a decision rule to identify a
single outcome from which to classify intervention ben-
efit (Appendix 2). We calculated the number of effects
showing benefit as a proportion of the total number of
studies and determined a confidence interval using the
Agresti-Coull interval method recommended for large
sample sizes [24]. We undertook a subsequent calcula-
tion in which we determined the proportion of effective
interventions by classifying benefit (for the outcome of
interest) according to the conclusions of the individual
studies, rather than using the point estimate to indicate
effect. This approach minimised the risk of an inflated
vote-count result.

To address our secondary objective — to summarise the
characteristics of effective interventions — we tabulated
details of the intervention (setting, type, dose, descrip-
tion) in a format to facilitate reader interpretation. Clas-
sification of intervention dose [25] (as low, moderate, or
high) considered intervention duration (in months), fre-
quency (number of contacts), and amount (in hours) (see
Appendix 3 for details). We aimed to provide a summary
of the features of the effective interventions.

Role of the funding source

The funder of this study played no role in the study design,
data collection, data analysis, data interpretation, writing of
the report or decision to submit the paper for publication.

Results

Our searches identified 8618 records; 200 full text articles
were screened for eligibility; 96 studies were included
(Fig. 1). Key characteristics of the included studies are
provided in Tables 1 and 2. Eighty studies (83%) were
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undertaken in high-income countries; four studies (4%)
were undertaken in upper-middle income countries; ten
studies (10%) were undertaken in lower-middle income
countries; and 3 studies (3%) were undertaken in low-
income countries (see Tables 1 and 2). Seventy-seven
(80%) of the included studies were randomised controlled
trials (RCTs); 12 were cluster RCTs (13%); 7 were quasi-
experimental studies (7%). The educational interventions
addressed a wide range of health issues. The most com-
mon education topics were parenting skills, pregnancy
and newborn health, (14 studies each) cancer screening,
multi-factorial healthy lifestyle interventions (11 stud-
ies each), diet (9 studies), smoking cessation (8 studies)
and sexual health (5 studies). The total number of adult
participants exceeded 57,000, residing in 22 different
countries.

Risk of bias

All included studies had either high or unclear over-
all ROB. The ‘other’” ROB domain of ‘intention to treat
analysis’ was most frequently assessed as high. High
ROB ratings were also common for ‘number lost to fol-
low up’ and participant blinding (Fig. 2; see Appendix 4
for full details). Visual inspection and interpretation of
the funnel plots for each main meta-analysis (to evaluate
publication bias) identified no major asymmetries in the
distribution of effects for any of the outcomes (Appendix
5), suggesting a low risk of publication bias. Egger’s tests
were not conducted because there were<10 studies in
each analysis [23].

Certainty in evidence

Our evaluation of certainty in the evidence for each main
meta-analysis was conducted using GRADE. Our results
are summarised in relation to each meta-analysis (below);
detailed results are provided in Appendix 6.

Data synthesis

High clinical and methodological heterogeneity amongst
the included studies precluded overall meta-analysis of
effect sizes for the primary and secondary outcomes of
this review. Instead, we considered outcomes that were
evaluated in three or more of the included studies for
meta-analysis. Pre-planned subgroup analyses (specified
in the protocol) were explored for intervention complex-
ity, the level of intervention and intervention dose.These
were undertaken if there were two or more studies in a
subgroup. Results of the main meta-analyses of behav-
iour outcomes are detailed below; results of subgroup
analyses and the meta-analyses of biomarker outcomes
are detailed in Appendices 7-9.
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Fig. 1 PRISMA flow chart

Meta-analyses: Behavioural outcomes

Fifteen studies had physical activity or exercise out-
comes; nine had dietary outcomes; eight had smok-
ing cessation outcomes; seven had cancer screening
outcomes; and five had vaccination and breast-feeding

Identification of new studies via databases ]
) )
£
5
:::3 Records identified from 5 Duplicate records removed
'E. databases (n = 8618) before screening (n = 2298)
: )
S
Records screened > Records excluded
(n =6320) (n=6120)
'
Reports sought for > Reports not retrieved
retrieval (n = 200) (n=0)
'
) Reports assessed for > Reports excluded (n = 85)
'c eligibility (n = 200) * 29 not a published paper
8 * 15 all participants not 18+ years
g * 8 wrong outcomes
* 8<75% of population
socioeconomically disadvantaged
* 3did not deliver a health-related
educational intervention
* 1 no comparison group
* 1 no qualitative analysis of
effectiveness of intervention
* 1 wrong study design
* 2 duplicate data
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R A
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* 5 all participants not 18+ years
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% Total stl{dles included in disadvantaged
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outcomes. Meta-analysis was not conducted for stud-
ies involving dietary, smoking cessation, vaccination,
and breast-feeding outcomes because of varied study
designs, outcome measures, follow-up durations and
comparison groups.
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Random sequence generation

Allocation concealment

Blinding of participants

Blinding of outcome assessment (subjective)
Blinding of outcome assessment (objective)
Appropriate method used for missing data
Number lost to follow-up

Selective reporting of outcomes

Free of relevant baseline imbalances
Intention to treat analysis

OVERALL BIAS

B Low High

Fig. 2 Risk of bias summary

Moderate intensity physical activity

We evaluated the 15 studies with physical activity or
exercise outcomes for clinical heterogeneity. Six of these
studies (total #=1330) used ‘moderate intensity physical
activity’ as a primary or secondary outcome; the inter-
vention group was compared with a minimal interven-
tion, standard care or control group; and effectiveness
was evaluated at ‘long term’ follow up [26—31]. We down-
graded certainty in the evidence by one level due to high
risk of bias. There is moderate certainty that the pooled
effect of educational interventions, when compared to
standard care, minimal intervention or control, is 0.05
(95% CI=-0.09-0.19; Tau>=0.01%) (Fig. 3). There was
moderate heterogeneity (I*=31%), which we explored by
removing one study that used a differing outcome meas-
ure (i.e. the percentage of participants who improved
their physical activity in contrast to post-intervention
physical activity measures) from the analysis (2011) [31].
This reduced I? to 0.0% and the pooled effect increased to
0.11 (95% CI=-0.01-0.22). Subgroup analysis of studies
with complex or ‘non-complex’ interventions were pos-
sible; the results are reported in Appendix 7.

Cancer screening

We evaluated for clinical heterogeneity the ten studies
that had cancer screening outcomes. Five of these studies
(n=2388) used rates of cancer screening as their primary
or secondary outcome; the intervention group was com-
pared with a minimal intervention, standard care or con-
trol group; and effectiveness was evaluated at ‘long term’
follow up [32-36]. We downgraded certainty in the evi-
dence by four levels due to risk of bias, inconsistency (two
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B Unclear Not applicable

levels), and imprecision in trial results. There is very low
certainty that the pooled effect of educational interven-
tions, when compared to standard care or minimal inter-
vention is 0.29 (95% CI=0.05-0.52; Tau>=0.24) (Fig. 4).
The I value of 83% indicates a considerable degree of het-
erogeneity across trial results. We explored this hetero-
geneity by removing individual studies from the analysis,
which had only a minor impact. Removal of one study
[32] reduced statistical heterogeneity to a small degree
(I’=75%). Subgroup analysis of studies with moderate
or low-dose interventions were possible; the results are
reported in Appendix 8.

Overall synthesis: Vote-counting

We performed separate vote-counting syntheses for
the behavioural outcomes and biomarker outcomes.
Vote counting based on direction of effect found that
67 of the 81 studies with behavioural outcomes had
point estimates that favoured the intervention (83%
(95% CI 73%-90%), p <0.001); ten studies favoured the
control, and four studies demonstrated equal effects
for intervention and control conditions. Twenty-one
of 28 studies with biomarker outcomes had point esti-
mates that favoured the intervention (75% (95% CI
56%-88%), p =0.002); four studies favoured the con-
trol. Calculation of votes based on ‘effectiveness’ being
determined by individual studies found 47% of inter-
ventions were effective on behavioural outcomes, and
27% were effective on biomarker outcomes. The votes
assigned to each study by both vote-count methods are
presented alongside the available data and/or effect
estimates in Table 3.
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Hedges g and 95% confidence interval

Hovell 2008
Keyserling 2008
Khare 2012

Relative weight

Khare 2014

Parra-Medina 2011
Zoellner 2016

Pooled effect

-1.00 -0.50

Favours
Comparison group

I 10.80
1T+ 13.44
- 38.73
5.24
8.89
;._ 22.90
0.00 0.50 1.00
Favours

Intervention group

Moderate intensity physical activity (n=1330)
Pooled effect (Hedges g) = 0.05 (-0.09-0.19)
Heterogeneity: Tau?= 0.01; Q-value=7.28, df=5, p=0.20; 1?=31%
Test for overall effect: z=1.21 (p=0.47)
Fig. 3 The effectiveness of educational interventions at improving moderate intensity physical activity outcomes in socio-economically

disadvantaged populations: random effects meta-analysis

Hedges g and 95% confidence interval

Byrd 2013
Gathirua-Mwangi 2016

Katz 2007
Kreuter 2005
Valdez 2016 -1.00 -0.50
Pooled effect Favours

Comparison group

Cancer screening (n=2388)

Relative weight

18.98
15.90
22.38
20.30
22.44
0.00 0.50 1.00
Favours

Intervention group

Pooled effect (Hedges g) = 0.29 (0.05-0.52)
Heterogeneity: Tau2=0.24; Q-value=23.66, df=4, p=0.00; 12=83%
Test for overall effect: z=2.37 (p=0.0128)
Fig. 4 The effectiveness of educational interventions at improving cancer screening outcomes in socio-economically disadvantaged populations:

random effects meta-analysis

Secondary objective: Characteristics of effective
interventions

Narrative synthesis of the features of ‘effective’ versus ‘inef-
fective’ interventions was precluded by the high clinical
and statistical heterogeneity of the included studies. We
have organised the studies according to the health focus
of the intervention in Table 3. This table provides descrip-
tions of the main characteristics of the interventions along-
side indications of effectiveness in order to facilitate reader
interpretations.

Discussion

We aimed to (i) identify and synthesize evidence of the
effectiveness of health-related educational interventions
in adult disadvantaged populations, and (ii) summarise
the characteristics of effective interventions. When stud-
ies were sufficiently homogenous to allow data pooling,
meta-analyses revealed that health education interven-
tions targeting socially disadvantaged populations pro-
duced positive behavioural effects that were small or
negligible in magnitude. The certainty of evidence was



Page 20 of 49

453

(2023) 23

uoneINp Yy Gy 01|
‘(f1215BW S199W J9AIDAIRD
[11UN) J3AIB3IeD 01 paJs
-AI|]9P SUOISS3S SUO-UO-3U0
AMoam x £ 01 dn "butures
S||13js Buiajos-wisjgold pue
uonesNpa yum weiboid
uoluUSAISIUL Buuaieyd

s00=d

'67°5 40 (670 AS) 870
(97=u) |0au0d (81'0 AS)
61°0 (07=U) uonUIAIR|

slis

,uop, uaied panlasqQ
K10ay3 bulules| |eos
pajesbaiu| syuedpipied
91eJ31I|-UoU Joj pardepe
AJ[eanynd ‘yoea uopeinp
- 'SUOISSas uoesnpa
(uosiad-ur) Ayoam X 7|
*SUOIIDBIUI AJIUdR) 9AIL
-1sod Jo 91oe.d ‘(Ualp|iyd)
S|[1S [e120S 73 S||1s bul
-1ussed JO UONONIISU|

€C0-=53
(920 aS) ¢5'0101u0D
(81°0 AS) 0S'0 UoHUSAIRY

SwI|
-qoad uonuane pjiyd

puoluow

puUe 92URJ3Ype UOI1eDIpawl
2INsUD 01 siseq |:| e uo
1ualied ay1 pamalnal
Jay1om yijeay Ae 4auiod
-dns yijeay Ae| ay1 01 pue
1uaned oy 01 wiope|d-a
ue Ag puas ‘syauow 9

104 Aep Jad (wd / pue
wieg 1) sabessall 1xa)
Z:UoUIAIRIUI NI

(czo0o1€001D

9656) 710 92UIHIP US| 3duUaIdype uonedipay
SIDIAJRS Y1jeay [e)

-UsW [eD0] JO 151 92IN0S3)
papInold |jed auoyd dn
MO||0} B pue (O3pIA &
Buipnpoul) uoneInp ulw 06
JO M3IAJRIUL U-| & PIAJOAU|
“Juasaid Jay1o Juedylubis e
INOYIM IO YIM PISAIIDP
UoIsSas uoeINpa 9|buIs

UO[USAISIUI SINOARY
2€0=4d"1/60=(1) X
[P2103110D S31eA (996 =U)

Jnoineyaq
Bunjaas djay jo sarey
SYIUOW € Jano suoydajal
Aq (A]21e1) 10 uosiad uj
SEIENEIGRVICIIRETIEIR
Ae|d-ajo1 ‘uonedipned
Joj sanunuoddo yum
SUOISSas suoleIuasaid
212epIp (Ul Si7-0€) X
€ :uonuanIR| 3aID3a

o=p

(0603S) cre=@39)d juswsabeuew-yas

N/} wial buon
950p 21RIIPON
Ajuo uoneonp3

n/§ Wid) 1oYS

as0p YbIH
Ajuo uopeonp3

N/ WnIpay
3s0p ybIH
Ssplemal —+ uoneonp3y

N/} WIS} 1oys
950p MO
SdF uoneonp3

n/§ W21 1oys
350p 21RIIPO
Ajuo uoneonp3

paseq -awoH s|Ifs bunuaieq [99] (910¢) Joubeg

paseq -aWoH s|is Bunuaieq 2[59] (£ 107) ueuuy

peseq -swoH Yieay [elusiy [£211(6100) X

paseq -owoH yeay [eIusp [88] (666 1) X04

5 yyesy wesneding 2191 (7107) _Ub3|Y

Lpfeay [eauay

q  Woij pap[nd|p3 = si|p}|)

(p1pp pajiodas  1djieWOIq =1X3) Uleld
|eanoiaeyaq =3xa) pjog

ejep a|qejieny sawodINQ  uonRdiISIP UOUBAIRIU|

pAiewwns uonuaniau|

Bumas uonIpuod YijesH (1e3K) Joyany |

Karran et al. BMC Public Health

SSOUDAIDYD PUR SDIISII21DRIRYD UOIIUSAISIU| € djqeL



Page 21 of 49

453

(2023) 23

|0J1UOD SINOAR {(H'C
0167~ 1D %S6) ¥200-=9

(6001
100 1D %56) S¥'0=53 T8¢
|0J3UOD !/ 0 UOIIUSAISIU|

86000=d
'89°C |00 1 LG°E uon
-USAJR1U| (/9] =U |P10])

8€0=pP (55’1 35)
8/°0 91eWl1S3 UOIIUSAIDIU|

inoy
-Aeyaq uonuanaid sqis

21035 |10} :SINO|
-Aeyaq buipasy jueju|

syjuow z| e sysiA
jueyUl []9M JO JBaqUINN

(po1e4 Juaied)
JUSWAA[OAU] JUdIed

Apns [ex
-uswipiadxa-iseny ‘AIanllap
Ja)Je (Yoea Y |) SUSIA swoy

7 PUe ‘AISAISP JYe | pue
21042q UsAas—(yoea Y ¢)
sasse|d dnoib g bujajoaul
welbold bunuased pue
UOI1eDNPS [E1RUSIUY

K10343 9ARIUBOD [e1D0S
UO paseq 'UonUIAIIUI
Hunp dnoib yoogade
193d 01 4994 *(|prRUISOd
syuow ¢ pue [eyeuaid
SYIUOW 7) Syruow | |
uoneinp [e101 ‘(syruow 4
obe e | pue |ejeusid

1) uosiad-ul paianllep
SUOISSSS [BUOIIEINPS 7

Jeak | uoleInp [e101

‘s|jled 1oddns Ajyauopy
‘(U S¥) sdnoib poddns
1ualed pue sdnoib Aejd
|BIUSWAOIDASP JO SUOISSDS
dnoib Apiamiq Aq pamoy
-|0J 'SyIUOW G 1S4 J0J SUSIA
Apoam ‘suoissas dnoib
Aeid 9| pue susIA awoy z¢

SaNIUNWWIOD

9SI9AIP AJ|RIN1ND 9SS

01 paubisa syuaied 0y
auoyd Aqg pue uosiad ul
paIAl[R( 'SIUAS [00YDS 18
SUOISSS UOIIRULIOJUI JaLIq|
pue siaA|) papn|pul uoned
-NP3 "UaIP|IY JOj SUOISSIS
1U21IN2U0D pue syuaied Iy
SUOISS3S (U 7) Apfoam x €1

sieak G 01 ¢ Bujuueds
pouad e Jano (uoneinp
ulw 0S5 L—06) SUOISsas

n/j wial buon
asop ybiH
Sd+uoneonp3

n/j wial buon
asop ybIH
Sd+uoneonp3

N/} wial buon

asop ybiy
Sd+ uoneonp3

n/} wia) buo’

350p YbIH
Sd -+ uoneonpj

paseg-awoy
19 $213U3D AYUNWWOD

paseq -aWoH

sa)uad AU
-NWWOD + Paseq -awoH

paseq-awoy +00yds

S|Ifs Bunualed

s|Ifs Bunualed

S||13s Bunuased

S||s Bunuased

[06] (¢102) Aulj=ssoH

[98] (£102) 44

[18] (€007) s9puRYON-I13

o[6/]
(¥1027) 2INDIN-Uosmeq

S00>d'¥80 dnoib Apjeam Jo syoo|q N/} wial buon
01/1°0 1D %56) 8€'0 YO Buipiroid uonuansiul 3s0p YbIH [89] (z¢0?)
(s919buy SO7) UOIIUSAISIU|  SAnOlARYDQ Bulsijeulalxg  [euolledNPa paseq-dnolo Sd+ uoneonp3 ENERYSIV[IIile) S||1s Bunuaied Aueg
(pjpp pariodal J9)ewolq =1xa) ule|d
wioly pap|n3|pd =s3i|p}[)  |eANOIABRYSQ =1X3] p|og
ejep ajqejieAy SawodNQ  uondudSAP UONUBAIRIU|  AlewwNS UOUBAIRL] bumas uonIpuod Yijeay (1eak) Joyany |

Karran et al. BMC Public Health

(panunuod) € ajqey



Page 22 of 49

453

(2023) 23

Karran et al. BMC Public Health

uonuaAIRIU
JO INOAR) UJ (6E°E 01 G0°€)
¥ [013U0D (967 01 09'F)

SYuow 6 uoneinp
‘swisiueydau AIaAlap

941 SS0I0R JUSjeAINba

SEM P3JA0D [eIISIRW dY |
SHSIA WOy UlW §¢—0C X 6
UM Pa1BUISY e SUOISSDS
dnoub x 6 10 ‘(s1an16a1ed
/UBWOM 9—€ U1IM) SUOIS

n/j wial buon

//'¥ PRUIqUIOD (/7' O} sadndead  -595 ANoID UIW 09-G1 X 8| asop ybiH paseq swoy + 11 [z11](1202)
1 L 16°€ 1D %S6) 7Ty dnoin buiaibaied bunenwng S UORUSAIRIUL T Sd -+ uoneonp3 -UD AyuNwIwod S|y bunualed SIY2MUd
K10343 9AIUBOD [e1D0S
U0 paseq ‘palofiel Ajjeiny
-|N2 UOIIUSAIDIU| "[elIR1eW
09pIA pue sAejd sjoi Buisn
sdnoub ul papiroid uoned
-Np3 ‘ponad ¥9am |-z L
J9NO PISAISP SUOISSS n/} wia) buo’
L01=S3(0corl'LID (42 ¥ "weiboid yusied 350p YbIH
L L 9G6) 0'C 2dUaiayip uealy  Jolaeyaq wajqoad pjiyd DISeg SIBaA 9|qIpalou] Sd+ uoneonpy 213U AYUNWWod s||yfs bupuaied  e[/01] (7107) Aemoy|io d
[enbuijig
‘sbupayieb dnoib oiponad
9/:0=d(87-C1 YOI) 0'8¢ pue (Y 1) susiA sawoy
Uelpaw (0/ = U) |0J3u0d |enpIAIpUl AJLIuo n/} wial buo
(87— HOI) 0’87 ueIpaW (s)@am) "weiboid JaNIOM Y2eannQ 95S0p 1RISPONN paseq-awoy + a1}
SN <> (9/=1U) UONUSAISIU|  uoneINp Buipddy-1sedlg  Yl|eSH JUrjU| [PUISIBIA Y| Sd -+ uoneonp3 -UD AyuNwIwod ss bunuated  [101] (8107) Jl2Yoeg-uainT
abenbug|
SAleU syuedpiuied ul
[eua1ew UanlM ‘(Y ¢
'SUOISSDS 77) SHIIM |
uoNeINp 'SUOISSIS Ayoam
(UOIsSas Y 1) X T "PIIYy2 Jiayy
UM [9pOW JusWIeal) 3y}
dwabebua Ul payorod sISAIBaIed Yim N/} Wnipspyy
(,10949 JUsWIIED1] D1 juiof ur awn [eyo] :uon UO[USAIRIUI paleIpaW asop YbiH
L l -lspowl,) | Z'0=14 susyod) -delajul pliys-juased -19A1631eD pazijenplAipu| Ajuo uoneonp3 paseq -aWoH S||1s Bunusied [96] (7107) 1esey
921A9s 1ioddns usw
-uJan0b 03 abexul| pue
¥DBQPI3} SAI| YUM SUOIS
-s3s Ae|d aAlde papnpul
UO[USAIRIUY ‘WN[N21IND [euoednpa ue
SINOAR} 1000 >d ‘(¥8°0 pamo||o4 ‘pouad yiuow- n/} wial buo
01990 1D %S6) ¥£°0 € J9AO SHISIA dWoy 3s0p YbIH
1 L ,SDUBIRYIP Ul 9dUaIalI, audsip ysieH y | X 7| Aprewxoiddy Ajuo uoneonp3 Paseq-aWoH S||1s Bunuaied [S6] (120T) uasusr
(piDp payiodai J9¥Jewolq =1x3) ule|d
5 q wou papjndp>=s3J|p}|)  |eANOIABRYDQ =1Xd) p|og
A S9N "puelS ejep a|qejieay SawodNQ  uondudSAP UONUBAIRIU|  AlewwNS UOUBAIRL] bunies uonipuod yijeaHy (1eak) Joyany |

(panunuod) € ajqey



Page 23 of 49

453

(2023) 23

Karran et al. BMC Public Health

(£€001

20012 %S6) 81°0 2bueyd
Ul @dualsyip Uwymj.ﬁ/\
(¥s1 0

ST0 1D %S6) 680 9bueyd

2UD10/eD-¢f PUISE|d
Aep 1ad sajqelaban

|opow abueyd

Jo obe1s ayy pue Aioayy
Bujules| [epos paielbHajul
Bul||asunod eioineyag
‘Bulj|asunod uonednpa
uonuINU Yum paydrew
S| "90B}-031-2D8) A|[enpia
-IpUl PAIBAIRQ SHM ¢
J314e UONBINSUOD UG |
Jayjoue Ag pamo||of UoIIel
-|NSUOD UIW-G | s3|qe1aban
pue 1Ny Jo axeiul bul
-sealdul pa1abiel UoUIA
-121ul Bulj|asunod Atelalp

n/4 wiay buon
950p 21.I9POI (2100

L L Ul 9dualaylp paisnipy /anay jo suondod Jo (N [BINOIARYSQ PaSI[ENPIAIPU| Ajuo uoneonp3 Arewnd) sojuld yyeaH 191 <[5 1] (€007) 201d=a1s
SI5IDIOXD
|BINOIARYSQG 9 PUE SUOISSSS
dnoib g1 “(asioewteyd
1O JauleI} 3SI1D19X 15|
-uonLINU) sjeuolssajoid
1URAS|SJ IO 9DIAPE
uadxe snid 1sidelayl Aq
P3| $951219%3 [eINOIARYSq
paAIedal Asuaiul ybiy—rzg
95eYd '$951219%3 papIinb
(or0 1s1desayl Jo suoissas dnoib
01020-1D%56)01'0=p paniadal Aysuaiul ybiy - |
(96=0QS) 8/1 (6/=U) 95eyd 'SUOISSas JusWabe N/} wia) buot
¢ dnoib‘(c01=qs) -UeW ssa135/s||1ys buidod 950p ybiH
SN | 881 (/6=u) | dnoip S9PLIIAIBUL pue UONEINPS UOILINN  BulUled) S||1)S + Uo1edNp3 $39J1U9D ALUNWWOD 1910 [121] (9007) uosoees|-|ebas
(p1pp pajiodai 19yJewolq=1x3) uie|d
5 q wolpapjnd[p>=s2I|p}|)  |eANOIARYD] =1X3)} p|og
A SR ‘puelS ejep a|qe|leAy SWOINQ  uoNdudSaP UONUAAIRIU|  AIRWWNS UOIIUBAIIU] bumes uonipuod yjjeaq (1e2K) Joyany |

(penunuod) € ajqeL



Page 24 of 49

453

(2023) 23

Karran et al. BMC Public Health

SN
(££0012H0- 1D %56)

EEEA]

104 399M Jad suOIsSas
S$SUIY ¢ puUe UONEINPS
UIW-06 X | PAJOAUL UON
-Uanl1u| “A11AnDe digolse
pue Buiajos wa|qoid
‘Buias [eob ‘spiodal A1
-A12B/PO0) ‘Bul|[2sunod
|einolAeyaq ‘uonednpa

N/} ULISY LIOYS

€00-=Pp (627 AS) 8T 21e) 95|nd BuUIISaY  POAJOAUI SUOISSIS "ALIAIDE asop ybiH
SN - (8F=u)|0uod (99t AS) ainyipuadxa D1qOJae asealdul pue 951219%3 + bul| |ooyos
SN 0 /7 (0G=U)uonuanIau| ABJaud Yd9m 4dd 191p aroidull 03 weibold -|2sunod + uonesnp3 10 913U3D AUNWWOD ENRIEXCE-BETg] [£9] (066 1) Djsmoueleg
pasaniap Ajjenbulg
"SH99M g 10) YoM Jad
Y | Jusuodwod a5101axa
ue pue waisAs Appnq
's31631e415 UOLIYIPOW
[einolneYaq sbueyd-j[as
(£Z'T as) 0°CeE |0huoD ‘uopesnps [euonuINu
(7 as) £:8T uonuanIRI| yum Juauodwod (buryjjem
(zas) 1 INg pue HUIYD11IS) 3SIDIDXD N/} Wnipapyy
| | (81 =u)|013U0d (977 AS) (m/sKep) UIW-Gz Bulpnpul sassepd 950p 21LISPON
L L € (LZ=U) uoiuaAIRI| Aouanb-a1) as1D49X3  351219X3,/U0NINPRI 1YDBISAN 9512J9X9 4+ UONLINPT  SDIUID Yijesy Alunwiwiod 351249%2 19 1310 [£€] (766 1) BJIAY
inoineyag
pauue|d Jo Aioay] pareib
-91Ul '9AISUSS A|[ean1inD
‘9DBJ-01-2D8) PAIDAI|SP
s9s5e|> dnoio *(||ed yoes
JO UonEINP UIW 6'9 BA)
(UOIIURAIIUI B JO 1524
33 10J APRam-Iq uayy
pUE SY99M € 1SIl 93U} J0J
Apjoam) sjjed asuodsal
9DI0A BAI1DRIRIUI | | 4 (UON
(0zo9e- -eINp ulw 9'g| Jo BAe) ||ed
1D %S6) 8'0- SUONI-PUOD Yoeq yaean onl L +(£1L
UD9MI13Q 1094J3 dAIe[RY 99M PUB 9 Y99M '| YoM N/ Wnipspyy
(9-orez-=DD 9500N|9 POOJg Ul PaIaAl|9p) (UlW 07 L-06) 350p YbIH
SN | 956) 71~ SUONI-PUOD uondwnsuod abe 595582 dnolb-||lews ¢ pulioyuow paseg-awoy
L L U99MI19( 109)J SAIR[9Y  -19A9( pauaidams tebng :UONUDAIDIUI YIHRWISH|S -J[95 Ul S||S -+ uoneonp3 18 211U AUNWIWOD 1917 [97] (9107) Jouj|207
(ppp pariodal J9)ewolq =1xa) ule|d
N q wou papjndp>=s3p}|)  |eINOIARYI] =)X3) p|og
A SLIB "puelS elep a|qe|ieAy sawodINQ  uondudsap uonuaAIRIul  AleWwwNs UOUSAIBIU] bumas uonIpuod Yijeaq (1eak) Joyany |

(PanunUOd) € 3jqey



Page 25 of 49

453

(2023) 23

¢'1=53'80000=d
‘9eL=(8€1)4 (rove
010°£0L 1D %S56) £'9CC
2ouJayIp dnoib ussmiag

%L1

|0JIUOD DDUBUBYIP %t | |
‘(7 wie) uonusAllU|

050 20U

-I94JIp 9% (£/ = U) |0U0D
%9°C @2UsIalIp 9% (0L =U
‘7 Ulie) UOIUSAIRIU|

|O11UOD SINOAR)

(9001 /1°0- 1D %56)
y1'0=pP(10°0Z AS) L'L6
(Lg=u) [0AU0D (¥'0Z AS)
9001 (07 =U) UOIUIAII|

uonUaAIRIUI Bul|[EsUNod
suoyd sInoAe} (€00~ 03
€90- 1D %S6) £€0-=p (67
as) 6 (€8=U) Jons|smau
(8% as) €€ (s8=u)
Buljlesunod auoyd

Bupjjem uj aseanu|

ainssaid poojq ybiH
Jdd¢M/UlW OGL =/<S|d
-A3] AuAnde [edisAyd

(63) bIM

sbueys 1ybrap

UOIIUSAIIUI
|enbuljiq ‘pasojiel Ajjed
-nsinbull pue Ajjeinnd
‘Buias [eob 1 Bulrjos
wia|qo.d oeqpasy pasije
-uosiad ‘uonednpa ANAIOe
|ed1sAyd ‘weiboid Bupyjem
paJojie} A||enpIAIpU| "y2es
ulw /7 abelaae 1oanduiod

£ U0 Passadde SUOISSS
JOSIADE [BNUIA AJYIUOW X

K10ay3 aAnIubOD

[e150s Uo paseq ‘[enbul|ig
‘poddns Jayiom yieay
ALUNWWOD pue uoiesnpa
yijeay ‘buljjesunod—¢
ULy I9119|SMaU Ajyauou
© pUB $3558[2 UONEINPa
snid uonesnpa yijeay

pue buljjasunod—z wiy
'S9558|D UONEINPR O} [B)
-19421 ‘AlAnnoe ea1sAyd pue
uondwnsuod a|gelsban
puE 1INy 35e310Ul 01
BuljlPsUNOd || — | Wy

saseyd yoem-g 991y
‘lenpialpul pue dnoib y10q
Y1IM 12RIUOD 3DB) 0] 928)
Ao sinox buiddoys
pue suonesuowap
BUI}00D 'S92IN0S3I UM
‘SUOISSSS UOIIEINPS [eNPIA
-Ipul pue dnoib paajoAu|

(SUOISS3s [|ed 2dus

-19JU0d UIW-09 A¥29M G7
papN|DUl | 3SeYd) "SUOISSSS
||D 92UU4U0D APfRamiq
Gz BuIAjoAUl (UOIURAIIUI
9dueULIURW) 7 35eyd
SIOAIAINS J9DURD 15eaIq

Joy weiboid uonesnp3

n/jwnipay
950P 31IIPO
J1215Wopad + uonesnp3

N/} wia) buo
as0p YbIH
Ajuo uonesnp3

N/} wia) buon

as0p YbIH
pOOJ +Sd + uoneonp3

N/} wial buon
3as0p YbIH
Sd +uoneonp3

NEIVEED] \Q_CDCLEOU

$911U9D ALUNWWOD

QU AUNWWoD

RENMVER)
J95UBd ALUNWWOD

AuAnDe [edIsAyd

AuAnoe [edisAyd 91910

(uonuanaid
$919eIp) 3sIDI9X2 1 1910

3s1219%2 19 1210

[8€] (€107) Bury

[95] (#007) u=1€15

[€5] (Z102) Bupjooig

[69] (9107) Mojeg

(p1Dp pajiodai
wouy papnd[p3 = s$1|bjj)
ejep s|qejieAy

J1a¥1ewolq =1x3) ule|d
|eanoineyaq =1xa) pjog

sawodnQ

uondussp uonuanILu|

u?_aEE:m UonUAAIRU|

Bumas

uonIpuod y)jeaH

(1eak) Joyany L

Karran et al. BMC Public Health

(panunuod) € 9lqel



Page 26 of 49

453

(2023) 23

Karran et al. BMC Public Health

1000>d(L6¢
010L'L 1D %S6) €£57=49

K2e19)1) MO| 4o} padojanap
‘lenbul|igq pue paiojiel
AJ[eIN3|ND ‘SLIUOW 9 ISAO
(Ul 06 Yoea) doam Jad
SUOISSaS € "UONeINPD 191
/351219%3 Ulwi Og snid

|013u0d XeUCOA aARRIRY (SuoIssas aduep diqolae
| | SINOAR} 965 0=d (L6¥0 (M z/uiwd)  10edWwil MO| SNOJOBIA) UOL asop ybiy
SN 0 01/80-1D%S6) ¥81'0-=9 -U3AIR1U| 9DUep DIgoIY 9512J9%3 4 Uo1edNpP3 21U AYUnWwoD 31A1sa4l Ayajeay [67] (8007) |]9AOH
4oea Ul Gty
‘Syruowl ¢ | 1oy sbunssw
dnoib Ayruow :z uon
-UsAJa1ul dnouo) "9d1Aep
Burionuow AUAIRDE YlIM
papiAoid 0S|y SYIUOW 4
BUIMO]|0) BY1 ISAO PRISYO
sUOIssas Aspyuauldwiod 4
‘SYIuoW g 1514 J0J UIW Gi7
Bunse| ‘syeam p—¢ A1ana N/} wia) buon
(6¥°0 01050~ PIoH Yoe0 3|A1594 B YUM 350p YbIH
1D 9%56) 00°0 22UI341p 9102S Y)|edy  SUOISSaS Bulj|asunod 71— Jjojuow paseq [s8]
SN <> uUeaw:uonusARuldnoin  dysodwod e urabuey) | UOIUSAISIUI [ENPIAIDU| A)ADDE F uoiedNP] -awoy Jo Ayunwiwod S1A1sayl| AYyiesH  (0707) ZaUSWiIf-zapueula
(saniAnoe [eos/buid
-doys/Ananoe [ediskyd Joy)
sadeds djjgnd o1 sbunno
dnoib |BD0| PRAJOAUI € ‘213U
|0J3UOD JO INOABJ U] SHNS3I 2Jed Alewnd Ul palanijsp
MOYS e1ep Mey ‘papiodal 6 9|doad 5| Jo sdnoib ioy n/j wiay buon Agunw [29] (1202)
SN 0 10U elep dnoib usamiag uonedmiyed jepos SUOISS3S APYoaM Y-z X 7 '950p YBIH Sd—+uonesnp3  -Wod ‘sjul|d a4ed Alewid 9115941 AYrjesH sely
UOISSaS 3SIDIaXD
¥0'0 53 (62001 dnoub e yum papus
£9°0- 1D%S6) T1°0- 92U} UOISS3S Yoeg I03edINpa N/} W1 1oys
-1 ‘976 (8€ =U) [013UOD (1on2g=2102s  J2ad e AQ PO SUOISSS asop ybiH
SN 0 /86 (¥S=u) uonuaAIa1U| mo|) Kuande [edisAyd uonednps yieay y-g X g 9S1219%a + uonesnp3 paseq-Ayunuwwo) AuAnoe [edIsAyd 71 1] (£007) plaAauliay
(pjpp pariodai Ja)ewolq =3xa) ulejd
N q wol papjndp>=s3J|p}|)  |e4nOIABYDQ =1Xd) p|og

A SR ‘puels ejep d|qejieAy

sawodnQ

uondusap uonusAIdlu|

pRiewwns uonuanizu

Bumes

uonIpuod yjjesH

(1e9K) Joyany 1

(pPanuiuod) € 3|qel



Page 27 of 49

453

(2023) 23

Karran et al. BMC Public Health

(¥/0

01€C°0-1D%56) 920=p
(455 Qs) tzos (0e=u) 3
(908 4S) €0CE (LE=U) IN
(s20

|9PO [eD
-112109YIsuei| pue A10ay|
2AIIUBO) [eID0S UO paseq
‘lenbul|ig "syo9m 7 | 10§
SUOISSDS Apfoam UIW-06
:uopusARIUl (K1AnDe
|ed1sAyd pue uonuinuy)
abueyd 9|A1sajl| oam-z |
© PaAI9D3) 0S[e—UONUIA
-191Ul paduRYUT ‘S[el1RW

0177°0-1D%96) LZ0=P INg [euonedNpa pue Buluaaids n/} wia) buo’
SN L '(€£5as)8rg(0e=u) 13 Aunnoe 10108 %S QAD paAedal 350p YbiH peseg-awoy
SN L ((195Q9)00L Le=wW) W ledisAyd Ayisuaqul Iy —UOIUSAISIUL WUNWIUIN Ajuo uonesnp3 19 211USD AYUNWWOD alfisayl| AyyjesH [82] (¥107) 21rY)
|9PO [BD
-112109Y3suel] pue A1oay |
AIIUBOY) [BIDOS UO paseq
‘lenbul|ig "syo9m 7 | 10§
SUOISSIS AP@am Ulw-06
(120 :UONUSAIRIUI (ANAIDR
01%10-1D %56) YOO=p |edisAyd pue uonnu)
(1as)gle (Sce=u) 3 abueyd o151 YoM |
(91£as) SLe (087=U) IN € PoAI9394 OS[E—UOIUSA
(970 -19)u| paduURYUT ‘S|ela1ew
0101°0-1D%S6) 800=p N [euonesnpa pue bujuaIds N/} wis) buon
SN L 99as) L6 (Scc=u) 3 (oamysinouy) Ananoe 101084 %S QAD paAedal 350p YbIH peseg-awoy
SN L (09as) 6 (08T=u) IN |edisAyd Ayisuaqul Iy —UOIUSAISIUL WNWIUIN Ajuo uonesnp3 19 211USD AYUNWWOD lfisayl| AyyjesH [£2] (T 107) 21y
spuedysod
79 19)yduwied jo sbuljiew
JUSWIRDI0JUIY 'S|[eD JO|
-|2sunod Jsad Ajyruow
/ PUB UOIssas Bul||asunod
[enpIAIpul | yum aseyd
9dUBUIIUIEW LIUOW-9
e Aq pamoj|o} ‘syauoul 9
1910 JO||9sunod Jaad e
woly sjjed auoyd ¢ pue
SU0ISSas dnolb ulw-0p X €
‘SUOISSS BUl||aSUN0d
[Cage! (Aep [BNPIAIPUL Z 191p pue n/j w1 buo
9'1- 1D %S6) G| suesw /suiw) Auande [esisAyd Auanoe [edisAyd saoidwl 2s50p YbiH paseqg-awoy g
SN L FEEINEleEElVEIETg] Aysuajul ajesapo 0] UONUSAJRIUI 3A15a)1] Sd+uoneonp3 31U yieay AuNwwod 91A1594l] AYijeaH [0€] (8007) BullIasAY
(p1pp payiodas 19)4ewolq =1xa) ule|d
N q Wouj pajpindpd) =sJ1p}[)  |e4NOIARYDQ =1Xd) p|og

DA duIBW puels ejep a|qejiery

sawodnQ

uondudsap uonuaAINU|

pRiewiwns uonuaniu

Bfunias uonIpuod yjeaHy

(1e3h) 1ouyany 1

(penunuod) € ajqeL



Page 28 of 49

453

(2023) 23

Karran et al. BMC Public Health

JuedyIubIs
10U sadUIaYIp dnoib
-U99M194 ING UONUDAISIUL

pouad yiuow-z |

© J9A0 SU0Issas dnolb 7
puUE SUOISSs [enpIAIpU

¢ POAJOAUT SANT 'SUOISSSS
(Wuswabeuew Adesayy
UOoI1eDIPaW) |\l 210U 1O
€ +5M310) (SM3) daays
3|em1eg isule UonUSAISIUI
7 sl s212QeIp 9seaidsp
0 UOIIUSAIRIUI UO1eINPS
1|0geI3WOIPILD ‘PaULIOUI

N/} wial buon
950p YbIH

JuswWabeuew uon

[€L1](czoD)

SN L JO INOARJ UI S|NS9Y 6uniabioy uonedipay -ewnes ‘[lenbuliqy  -eJIpawl + Sd + uopeonp3 S2J3U9D AIUNWWOD 91A1594l] AYijeaH Jowojod
K109y
SAINUBOD [BIDOS pue [9pOW
[PO112103Y31SUEI] UO Paseq
‘lon3) buipess apeib 8
UBLj1 $S9] 1O} S[elia1ew Julld
1Bk | J9AO JJels UDieasal
ol s||ed bujjlasunod
auoyda|a) paiojiey A|je
-UOoIIeAIIOW Ja1iq ] 03 dn
13 ‘||ed auoyda|ay A101onp
|0J1UOD SINOARY -o1ul yidap-ur ue 4eak |
(891 03470 1D %S6) €90 Ayanoe jesisAyd J9A0 SISNS|SMAU PaJo|Ie) n/j wia) buon
HO ‘%8t |013U0D 9 /°0€E sno1obin-03-a1eiapow AJ[P21UL3S ‘|RUOEAIOW asop ybiy
0 0 uopuaAIR| (¥l =U) ul Juswanoadwi Z1 snid aied prepueig Ajuo uoneonp3 paseq -aWwoH 91A1534l] AYijeaH [L€](1107) eUIPSIN-BIE]
(Kep Jad
351249X2 PO UIW Of < IO
sda1s 000’01 <) 95I219Xd
Ajlep papuswwiodal snid
s1uauodulod Alande
|ed1sAyd pue uonesnpa
PSA|OAU| "Y3jeay SAIIUB0D
pue buiaq|jam [es160)
sdnoib yioq 4o} [edoAINba -0ydAsd yuswabeuew
syNsal ‘790 =d'ss0=p 18} ApOQ % $S913S '9512J9X3 ‘UonLINU N/} Wlia11oys
(SN) (<>) UONUSAISIUI INOARY anoineyaq BuIssalppe UoNUSAIRIUI 950 21LIIPON [86] (1Z027)
1 L synsaillpo0>d /T L=p bui-jowouid yijesy paseq-dnolb 3oom g 351DJ9%a 4+ Uuonednpy ENERYSIV[IIile) 91A1591] AYrjesH wiry
(piDp payiodai J9¥Jewolq =1x3) ule|d
5 q wou papjndp>=s3J|p}|)  |eANOIABRYDQ =1Xd) p|og
A S9N "puelS ejep a|qejieay SawodNQ  uondudSAP UONUBAIRIU|  AlewwNS UOUBAIRL] bunies uonipuod yijeaHy (1eak) Joyany |

(panunuod) € ajqey



Page 29 of 49

453

(2023) 23

Karran et al. BMC Public Health

(1e00192°0-1D
9%56) 200=p(r'¥ AS) 0'%C
(801 =U) [0AU0D ('t AS)

SYIUOW 7—| AI9AS AjpAi
-NJ3sU0D SUOP Y2ea UIW-06
JO SUOISSSS 4 ‘|ela1ew Uol}
-eDNPa YIM S1I900q 7 pue
sjenuew AlAide ‘siaisod
papuey 21am syuedidiied
's919qelp pue ejwepid|
-19dAy ‘uoisuapadAy

se Uons s21doy JO UoISsnosIp

N/} wia) buon
950P 91RIIPOIN

SN 0 |"v¢ (Z8=U) UoUaAISIU| NG pue suoneuasald [e10 Ajuo uoneonp3 S211UDD AUNWWOD) 91A1591] AY1jesH [£S] (8100) Ipeyns
|9POW |eD112I031ISURI} UO
paseq Pa1ds|es sainseaul
SUWODINO ‘UOIIUSAIIU|
[eInyn2iq pue [enbu
|03U0d '9DBJ-01-208) PaIdAIlR(]
SINOAB} 906 0=0d"'€'661 “UIW G—0€ Pa3Ise| SUOISSas
|0J3UO0D €007 UORUDAIRIU| UOIIUDAIIUI 3[AISDYI| €
UOIIUSAISIUI SINOAR) Tp/Bw 07 < |0J3) ‘Ul 0/—0t JO UOISSas
'1000>d'€'€ Yy ‘%8 -$9l0Yd |PI0L [eriu| “(uswijoiua 1s0d N/} wial buon
SN 0 (99t =U) |0IUOD) % |/ s)ugey  SUYUOW 9 'z ‘| 1e) SUOISSaS 950p 21LIIPON
L L (cey=u) uonusnselu]  Bunes urjuswanoidw] ¢ ‘weibold NYINOMISIM AJUO UoIEONPT  $3J1UBD Y1[eay ANuUNWIWOD) 31A1s341| AyijesH [0¥] (0107) 1yseheH
Bunjows ybram
Apoq ‘syiqey A1eiaip ‘Jusw
-abeuew Joj sauljapinb
$9190eIP PUP UOISULIRdAY
papN[OUl UOeULIOJU|
‘syusauwujodde Jo sia
(£0'1 01090 -pulal g uonewojul
1D 9%56) 080=4O ‘%8S [edIpaw papn|oul sabes N/} wial buo
(C9€ =U) |01U0D '%9°€9 1591-150d 18-S9\ "S1eA 7 JOAO IDIAIDS asop ybiH paseqg-auwloy
SN | (97 =U) UONIUSAIRIU|  P3||0UOD 2Inssald poolg sbessaw Loys Apieap Ajuo uoneonp3 1 911U9D AUNWWOD) 3115941 AYijesH [6111(8107) ys1es
SJuUaWUBISSe ssepd
JO N0 pue S3NIANDe JUBW
-abebus dIAD ‘uonesnps
paiejal Yijeay pue asioiaxa
UOIIUSAISIUI SINOAR) oigosae ‘Bujures Yyibuais
(99°0=d "9duaIayIp %8 papNUI SUOISSSS 'Suon
(800°0=0d) panoidw |012152|0YD [PIO]  -BDO| PISEG-ALUNUILIOD Ul N/} W81 WnIpay
SN | %G1z :|01u0d ‘panoidwi Auanoe jedisfyd  pjay sassed Apeem sdimy 950p ybiH
L L 906G’ L7 :UONUSAIDIU|  SNOJOBIA pue 91eJapoy ‘BUOI-INOY JO SY9oM 7 ‘9SI1D19X3 + Sd + uoneonp3 paseq-AlunwwoD 91A1sajl AyiesH  [2z L] (0207) Jo|mo4-uinbas
(p1pp pariodal J19)1ewolq =1xa) ule|d
5 q wolpapjnd[p>=s2I|p}|)  |eANOIARYD] =1X3)} p|og
A SLIB "puelS elep a|qe|ieAy SWOINQ  uoNdudSaP UONUAAIRIU|  AIRWWNS UOIIUBAIIU] bumes uolIpuod Yijeaq (1e2K) Joyany |

(penunuod) € ajqeL



Page 30 of 49

453

(2023) 23

Karran et al. BMC Public Health

SN

SN
SN

L

SNH0E€EQSSLL
|01U0D (57 S) 8'0L uon
-UaAJL1U| :(0/ = U) Sajewa

LT0-=pP'(0CQaS) 8¢
(6S€ =) |onuoD (6L AS)
£ (89€ = U) uonUSAISIU|

SN

(re)oel

(81 =U) |01U0> (07 AS)
711 (81 =Uu) uonuaAIU|

(YT yoes)
suolssas uoddns dnolb

pue [euoI1eINP3 97 'SIN0Y
1DPJUOD 7§ YIM UoneInp

1eak | ‘puslij/onielal e

Yum Jaunied oy paninbai

‘swoy syuedidiied Jesu

Pa12NPUO?) S3IHAIIDR

dnoib pue sospin

|euoedNPa Bupn(dUl UOH

-eJNPa JUsUIaHRURUI-J[3S

DLV ulgojbowseH  s31aqelp paJojiel Ajjeinnd
Apns e

-Usuliadxa-I1seny ‘sieak ¢

|euonippe ue Joj Jabeuew

21ed B AQ SUIUOW 9—€

KIDAS UD3S 'UIW 09—0€ 10§

Jabeuew aJed uenialp Jo

s1oewleyd ‘asinu e Aq

SYIUOW 7| JOAO SaWN {7 JO

obeJaAe Ue U3 S1URlled

'SUOISSS 908§ 0} D8) | 1|

JUSWASNIPe UonedIpaw

pue Buiyoeod Juawabe

-UBUI-J|9S ‘UOIIBINPD

PaAJOAUL JURWSbRURW

DLV ulgojbowseH 21D $319qelp 34ed JO JUI0d

Hupea Ayyeay

10 woddns |eyualed bul
-sea10ul pue abpajmous|
uopninu buisealoul
‘93e1ul aiqy buiseanul
‘9e1ul 1ey bupnpal Aq
$DJuedSIH SWOdUI-MO)
‘AoeIS1I|-MO| BuoWwe YSU
J95Ued 95NPaJ O3 UOIY
-UaAIR1Ul KJe1a1p paseq
-A|iwiey oydads ainynD
'S9SSED U-| X SHIIM 7|

ainssaid poo|g
9yejul Jey pajeinies

n/j wial buon
asop ybIH
Sd+uoneonp3

N/} wial buon

asop ybIH
Ajuo uoneonp3

n/§ W21 1oyS

asop ybIH
Ajuo uoneonp3

2J1U=D \C_CDCLEOU

SO YpjesH

9J1U3d AYuUNWWoD

Juswabe
-Uuew-j|as sa1aqelq

Juswabe
-UeW-J|3s sa3aqeld

(Y1[eay 1seaiq
/121p) 81159yl Ay1jesH

[€/] (€107) umoig

W[1£1(£107) Aeig

[£81(9661)
uoqqi6zi4

A

q
SUIB puels

(piDp pajiodai
wouy pajpnd[ps = s$1|bjj)
ejep s|qejieAy

JaxJewolq =1xa3) ureld
|eanoineyaq =1xa3) pjog
sawodInQ  uondiISap UOUBAIRI]

pfiewwins uonuaniaul|

Buias

uonIpuod yijesH

(1eak) Joyany ;L

(Panuiuod) € 3|qel



Page 31 of 49

453

(2023) 23

Karran et al. BMC Public Health

AUSIanIp

onsinbul| pue [epoel
paJapISuO) sjelalew
|EUOIEINPS + $92IN0S
AUUNWWOD PRI3YO 0S|y
*Bul||9SUNOD UONESSId pue
s31631e11s [RINOIARYS]

2AIIUB0D pue BuIMalAISIUI

[BUOIIRAIIOW PA|OAU|
‘(dwioy 1e) uosiad ul
paiaAl|laQ ‘syiuow 9 Jano
91eD0APY 1USWIIeSN |

N/} wia) buot

(¥6'€ 019G'L aduaunsqe 0D2BQO] P WO SUOIS 950P 91BIIPOIN
L L D%S6) 86T HO paisnlpy  @duajenasd juiod Kep-og -$95 UONeINPa 6 01 dN |+ uoneonp3 paseq -awoH UOI1BSSD BuBows [2/1(8107) 001g
Apnis [elusw
-l12dXe-1SenQ "SMaIAIIUI
4IUOW-9 puUe -€ JO pua 18
sabessaw 191500q Uones
592 bupjows paiojiel Jaug
|0JIUOD SINOARY pue s3] Hoddns paio|
'88°0 =4y ‘Tv0'0=,X -1e) PaAIDRY "Yoed Y §'| n/j wia) buo
05E"/ |0UOD) ‘94179 UOIL 'SUOISS3S UaASS — SSe|D 950p ybiH
SN 0  -UdARIU| (el =Ule10])  @dudunsqe snonuppuo)  dnolb uonessad buows Sd+ uoneonpy paseq -|ooyds UOI1eSSD Bupows [0£] (S661) Ueullag
uoneinp
S¥eam-tz “1oddns e2160]
-0ydAsdy|enos apiroid g
suoIssas dnoib sy woyy
sa1ba1e11s [RINOIARYD]
puP JUSIUOD [eUONEINPD
92J0JuUla] 0} (9] X) 1DBIUOD N/} wial buon
|11 papiroid siaxiom 950P 91RIIPON
UONUSAISIUI SINOARY ‘(L0 L dudunsqe  Yieay AUunuwulod) ‘suols Juswade|dai paseq-auloy + sai1
SN L 018L'0D%S6) ¥»0=4O  @dudjeaaid juiod Kep-£ -595 dnoub Ap@em x 9 UNODIN + Sd + uonesnp3 -U9d AUNWwoD UOI1eSSID Bupows e+ 9] (9107) SMaIpuy
(p1pp pajiodai J9)Jewolq=1x31 uie|d
5 0 Woly pajpnd[pd=sJijp}[)  |ednolAeYdq =3xa)} p|og

MDA OB puels ejep a|qejiery

sawodnQ

uondudsap uoiUIAIR|

—u>‘_NEE:w uonuaAIu|

bunias

uoiIpuod YijesH

(1e3K) Joyany L

(panunUOd) € 3jqey



Page 32 of 49

453

(2023) 23

Karran et al. BMC Public Health

uon
-UsAJo1ul JO INOAR] Ul elep
mesieL'0=d"(1¥'1'96'0)

sabessaw 1xa}

9| ul buibessaw yijeay
|BIO PUE UOIIRULIOJUI
(lPUOIIEDNPS) BUIUO O}
$S92DP ‘2INYD0IJ oL
-owoid yijeay [elo pajiew
‘JUS1U0D [PUONEINPD
paxdLds snid buljlesunod

uoIEPUSWIWODAA
Buissoyy

N/} Wnipsiyy
950p 21I9POI

[sol] (0zo2)

SN L 91°1 YO paisnipy pue buiysniq1dpy  duoydsjal JO SUOISSIS G- Ajuo uoneonpy  (suoyda|el) paseq-aWoH UOI1eSSD BUoUS NI
ulw 0Z1-06
UOI1BIND UOISSIS "t PUB €
SHIIM SUOISSIS 121500
Z pue zeam bunp 7’|
39aM BULINP § :SUOISSIS
8 "uoneoNpa oyads
Aj[eanynd yum buimas
(#0z 03 |eob pue UONBAIIOW-J[S N/} wia) buo’
L£01D%S6) LT'1 HO0TT (payuan Ajjed "Yeay pue bupjows 3s0p YbIH
(/1 =U) |0AUOD ‘T°E€T -lwaydolq) edudunsge 10} Adesay [einoineyaq saydied aun
SN L (891 =u) uonuaAiou|  ddudjeAdld juiod Aep-£ 9AIIUb0d paseq dnoin -0JIN 4 gD+ uoneonpg uoNessad bupjows [16] (£10¢) 4odooH
USIA ISIY
121JE SH9IM 7| pajlew
1USWSHBINODUS JO SISNI)
om1 buipnpaul 1oddns pue
JUSWR2J0UIa] DIUI|D ‘UOIS
(907 0180 -$95 bulj[asunod (Ulw G 1)
1D %S56) 680=¥H0 ‘%9'S (1591 2UIUNOd |11 JOJ|9SUNOD Yijeay n/j wia) buo
(861 =U) [0IUOD ‘%79 eAles i 1odal-j|as) @ed  Jaad e Aq Buljj@sunod pue 950p MO
SN L (€61 = U) UoIUBAIRIU| unb :snjels bupjows  UONDNIISUL S||BYS [ENPIAIPU| Sd+ uoneonpy IUlD Yyeay UOI1eSS3D Buows [68] (£661) USBID
SYIUOW € 12AO S||ed
Buljjasunod suoydsal
4oeaino ¢ 01 dn Aq pamoj
-|04 ISIUOIIURAISIUL ApNIS
10 3SINU B YUM MIIAISIUI
[PUOIIBANOW UIW-(| B
pue buijows buminb
01 9pInb e ‘uediuIP
S,PIIY2 9Y) woly abessaw
[PUOIIPANOW B PIAISI)
USWIOM 243UM UOIIUBA N/} wia) buo
(991 01 sduaunsqe -1l uonessad bupjows 950P 91eIIPOIN 1P yieay
SN 0 960D %S6) CL'C=4O  9dudjeadsd juiod Kep-,£ paseq-buias du1eipad I\ + uonesnp3 Suieipaed juaneding UOI1BSSD BUBows W[//1(£00T) AnD
(pjpp pariodai I3y ewolq =3xs) uiejd
N q wol papjndp>=s3J|p}|)  |e4NOIABYDQ =1X3) p|og
A SLIB ‘puels elep a|qe|ieAy SawodINQ  uondudsap UONUAAIR|  AIRWIWINS UOIIUBAIBIU] bumes uoIpuod YijeaHq (1e3h) Joyany 1

(panunuod) € aqel



Page 33 of 49

453

(2023) 23

Karran et al. BMC Public Health

650=d"(€11 0308010
%56) 560 (PaISN(Pe) Yy L LI

9-€ YIM UIW 06 uoneinp
Uea\ 'SINOpUBY [eUOIBW
-I0Jul pUE 199Y$ 92IN0Sal
19aysyiom ueid uonoe
‘spied abessaw ‘Leyddiy
pasn *bunsal Jadued ed
-IAJ9D 150D OU pUE 'SIDINISS

%9°// uopebiAeU ‘UOISSaS N/} wnipayy
(SZ L =U)|0]U0D 9%6'89 Buiuaauds 1adued |euonesnps ‘yoeaino Jo 9S0P MO
SN 0 (0§ 1 =U) uonuaAIU| |ed1A43d payiodal-y@s  pasudwod welboid dnoin Sd+ uoneonp3 2J1Uad AUNWWOD Buiuaaids Jadue)  [i7i7] (0Z07) BIOW-UOIap|eD
UOISSDS 90BJ-03-908) X |
pue spJed ‘synopuey
[PUOIEINPD PaAIRB ||y
“1eyd diy inoyum weiboid
‘09pIA INOYIM Wwelboid
(I1) {(san1Anoe pue ‘saweb
‘UoI1PWIOJUI [BUONEDNPSI)
(5£°001/1010%56) 1ey> dijj pue oapia
SE0=YO % L (TSL=U) papnpul weiboud |ny (1) N/ Wnipsiy
[0U0D ‘%6/L (LSL=U JpoM jeay Aej e Aq pais 9S0p MO e[c€l (€102)
L L weiboid ||ny) uonuaaiU| aeaws ded pajepijep -Allap welboid [enbuijig Ajuo uopeonp3 S2J3U9D AIUNWWOD Bujuaaids J9durD) pIAg
yoeoidde uanup A1oayx
‘ysiueds pue ysiibu3 ui
pUB USWOM pUe Usw 10}
palo|ie] ‘sauizebew nb
‘SYIuoW 9 J9AO s|jed bul|
500>d ' P0s=(5cT 1) -]osunod suoydajel dn N/} wial buon
'S€ (Ll =U) [0U0d ‘€7 (¢W/Bw)  MOJ|Of  pue BWIOY SIUBI 950P 91RIIPON
L l (0G| =u) uonuanIU| w00l A1 :[3A3] 2UODIN 12 M3IAI1UI [EUONRANOIN |\ =+ uoneonp3 paseq -auWoH 2INS0dXa IHOWS 0IIeq0| (€8] (1007) suoww3
2In1eJall| abueyd
INOIARYS(Q UO paseg
‘$Y29Yd yyjeay winyed
(1£001G€0 -150d pue [eyeuaid yum N/} wnipayy
12 %S6) 050 YO parsnipy uo1dUN(UOD Ul P31INJ30 3s0p ybIH
789 (95€ =U) |0UOD 'H'ES 2Insodxa oW SUOISSS UOIUAIRIUL Bul| ued
1 L (GEE€=U) UOIUSAISIU|  0D3BQ0} |EJUSWUOIIAUT  -[25UNOD [BINOIARYS] X O K13jes/ gD+ uonesnp3 SOIUIP YIesH  2InsodXa 9%0wWs 025eqo] [28] (0107) sopueyoN-13
UO1BSIWOPUEJ JS)JR %9aM
3uo ||ed suoyd ujw Q|
2000=4d"(z0C e pue ‘pouad yiuow g|
0181°L D %S6) ¥S'L HO e J9A0 s13)yduued 6 pue N/} wisl buo
95177 |0IUOD ‘05| €€ U0 duaunsqe bupjows SI9PYO0] | | JO SIS B asop ybiH
l L -USAJSIUIiSalel 9dusunsqy  @dudjeaasd julod Kep-£ paAIedal syuedpiled Ajuo uoneonp3 W BIA) PISEQ-9WOH uo1essad bupows [e71] (220T) suowwis
(piDp payiodai JJewolq =1xa) ule|d
5 q Woi pajpind(pd) =sdI|p}[)  |e4nOIARYDQ =]Xd3) p|og

A SR puels ejep a|qejieAy

sawodINQ

uondidSsap UoIUBAIRIU|

pAiewwns uonuaniaiul

Buias

uonIpuod yijesH

(1eak) Joyany ;L

(panunuod) € ajqey



Page 34 of 49

453

(2023) 23

(¢e'1010801D
SN L %56) €0'L =4O (¢6£=U)

F8l-¢€l

1D %56) 89'% =HO ‘%S

(9=u) |01U0D %67 S

L L (G1 =u) uonuansY|

(0570

L9°0 1D %S6) ¥7'L =4O

:auoydalaL (6£°€ 03 080

SN L 1D 9%S6) ¥9'L =40 :AAd

(€900l

81°0) ¥E0=Y0 ‘%E'TT

(€01 =U) |011U0D 96/ 'St

L l (z6=U) uonuanIaIU|

(errol
€801 %56) 960 =4O
'1D3)J3 OU '9%9°¢€ | |0JIU0D

sajel buy
-U33.DS J3dUED [BIIAID)

uoljeUIWEXD-|3S JSedIq

>_ Yijuow jo ascuew.ojiad

s9jel 9dUd
-19ype Aydesbowwepy

A>uanbayy

uoljeulwexa-j|as ysealg

welbowwew
Bujuaalds Jadued Jseailg

syuow 10|

AUSIA [RUY ‘6—€ SYIUOW
ul sbuljiew/s|je> auoyd
paiojiel ‘ulw Gi—Q€ 1a1e|
SHIIM €—7 USIA pUZ
‘Ul 09-GY USIA ST
“USIA Y2ea Jayye sbuljiew
paiojiey pue s|jed> suoyd
dn moj|o4 ‘susiA awioy

¢ ‘weiboid uonesnpa
JoSIApe yijeay Ae

K10ay3 2Aniubod

[BIDOS UO Paseq ‘palo|ie}
AJ[BINND UORUSAIDIU|
‘uosiad ul pasanlep ‘doys
-iom dnoib |jews ‘uop
-eInp Y Sz ‘Uoissas a|buls

suweibow

-Wwew Jo sduepodw 0}
pa3ejal sabessalu Je|Iwls
PRISAIIDP Y10g ‘(UoleINp
uiw | | Arewxoidde)
uonuaAIIUl bullesunod
auoydajal palojiel e pue
(uonednp ulw 01) AAd
dAIDRIAUI Pa|jlew :dnolb
|011U0D Yim paleduiod
SUONUIAIIUI OM |

uopuaAIU| [enbulig
‘SUIUOW g UoneINp '101ed
-Npa Y3[eay 1sealq paulel)
e puUB 1SIUOALINU YDJeasal
e Aq pa| sdnoib ul papia
-0Jd uonesNp3 lsyuow
10} Ajyauow aduo pue
SYIUOW 7 10§ Apjeamiq
'syjoam g 10} yoam Jad
92UO :SUOISSaS (UIW 06) 91

uoleudioju
201A195 Bujuaaids pue
sabessaw Hujuaaids
135U YIIm Jepuajed e
pajlew aam syuedpiied

n/j wial buon
350p 21RIIPON
Ajuo uoneonp3

N/4 WnNIpsyy
950p MO
Ajuo uoneonp3

n/j wia) buo
9S0pP MO
Ajuo uonesnp3

n/j w9 buo

350p YbIH
Ajuo uonesnp3

n/j wiay buon
950p MO
Ajuo uonesnp3

2.1U=D \Q_CDCLEOU

EhVEs] \C_CDCL_,COU

[7€] (£000)
palzl

[e¥] (0007) uewiydifey

le€]
(9102) 1BueMA-eNIILIED

[L¥] (¥007) uoqqIbzI4

o[€¥] (1102) s0g-uaioog

SN L 96011 UOnUaAIRU|
(pipp pariodai

5 q  woiy pap|nd[pd = $21|p}j)
DA BN "puels ejep sjqejleay

13)}1ewolq =3x3) ute|d
|eanoineyaq =1xa) pjog
SaWodINQ

uondudsap uoiUIAIR|

—u>‘_NEE:w uonuaAIu|

uoiIpuod YijesH

(1e3K) Joyany L

Karran et al. BMC Public Health

(PanuNUOd) € 3jqey



Page 35 of 49

453

(2023) 23

Karran et al. BMC Public Health

(ccc1 01
09010 %56) 060=40O
Se0=d %8y

(€ =U) |01U0D 061G

mr__cww‘_uw Jasued

(Ysiueds) uiw gz pue
(Ysnbu3) uiw g uoneinp
obeIaAy ‘s3inpou uoned

-NP3 9AIDRISIUI § PAAJOAUI
(suondo A1o0b6a1ed abe pue
sabenbue| ) 3soly elpaul
1}NW e eIA paded-}|as ‘pasi
-[enpIAIpUI SeM UOI1eINPT

welboid uoneonpa
19DUBD [PDIAIDD SAIIDRIDIUI

N/ wnipayy
meU MO

SN L (8€ | =U) UOIUDAIDIU| |e31A49) pariodal-y|9s 'AoRIM|-MO| ‘DWII- SUD Ajuo uopeonp3  213Uad Yieay AlunwwoD) Bujuaa.ds J9dur) [9€] (9107) Zap|eA
(2INYD0Iq |euUOIIEINPS
241 yum Huole) uonesnpa
pue uonoeIIul duoyds|a)
dn-mo||oy pantedas dnoib
|euosiadiaiul oyl 1ana)
S)Nsal JIvy1 yum buoje
2INY10.q [BUOIIEINPD
1000>d ue Yyum papiroid aiom n/j PaN/Ioys
‘UOIIUBAISIUI JO INOARY U :SUOIJRSIDAUOD dnoib a1ed padueyua 950p MO [911] (z207)
L L 9ouasaylp dnoib usamiag 19pinoid pariodai-yas 9y :SWJe UORUAIAUI 7 Ajuo uopeonp3 SOIUID YieaH BujuaI0s J9dURD) Kemabply
suoyd
AQ palaisiuiwipe aJleu
-uonsanb dn mojjo} ‘pooy
-Inoqybiau syuedidiied
Ul URA UD1R353 3|IqOoW
© Ul PaIaAI[2J ‘03pIA
UoI1euUIOjU JUS[eAINDS
(021 01 101D 9%56) 1US3U0D YO SIOAIAINS
1/0=Y0O %00k (S 1 =u) 130U 15831( URDLSWY n/} wial buo’
O9PIA [PUOIIRULIOJ| ‘069’81 uedLyy WOJ) S9L0IS JO 950p MO paseq
SN L (/01 =U) O3pPIA dAIRIIEN Aydesbowwew jo asn  pasydwiod 0apIA SAIRLIEN Ajuo uoneonp3  -swoy x pooy-inoqybiaN Buluaaids J9oued) [S#] (0107) J9Inaly
paJojiey Aj[eInynd "Yyioq
10 ‘Bunioyie) JueAd|al A|je
-InN3N> ‘BuLIO]Ie] 15NJISUOD
|BINOIARYSQ :SULIB UOIIUDA
-191U1 931y "'6€-8| sabe
10} 3e1ul 3|qel1sban pue
(2600191010 %56) 1Ny bunowoid pue §9-0f paseq-auoH
6£0=YO ‘%S5 (SS=U) sobe Joy Aydeibowwew N/} wial buon
|0JIU0D 1069'G/ (G =U) 4o asn bunowoud sauiz 950P 91RIIPON [S€1(5002)
L L (y10Q) UonUIAIU| Aydesbowwew jo asn -efeuwl y3jeay suawom 9 Ajuo uopeonp3 paseq awoH 191p 19 BuuSIDS J9dURD) JENRENN
(pipp pajiodai 19¥Jewolq =1x3) ule|d
N q Wou pajpind[pd =s31p}[)  |e4NOIARYDQ =1Xd) p|og
HA SLIB "puels elep a|qe|ieAy sawodnQ  uondudsap uonuUAAIR|  AleWWNS UOUBAIBIU] bunias uoIpuod YijeaHq (1eah) Joyany 1

(panunuod) € 9qel



Page 36 of 49

453

(2023) 23

Karran et al. BMC Public Health

§00>d’(£1'0QS) ¢Z00
abueyd ueaw (| z=u)
|013U02 (20 AdS) SLLO-
abueyd uLsW (¢ =U)

L (Aliwiey) uopuSAIRI|

INg pazipiepuels
s,uaip|iyd ur abueyd

(6001 L'L-1D

0 %S6) 1'0- 9DUIYIP UBSN ®duepuae diulD

¥000=d"(£70-0}
87'1- 1D%S6) 8/°0- 9bueyd
L Ul adualayip paisnipy e

(€85 01

LT 1D %S6) L6 HY ‘%6'6
(17 =U) |0nUOD 9%} 6¢

L (127 =U) UoUBAIRI|

uepisAyd yum uon
-BUIDDBA JO UOISSNISIQ

ulu 06 paise|
SUOISSSS ‘S99M g 1XaU DY}
104 AP9aMIq ‘oM g 151y
10} suoIssas dnoib Ay
Ja19wopad ybnoiyy
pajowold Aanoe esiskyd
pasealdul ‘suolssas dnoib
442es JO pua 1e 5|eob
K1e1a1p Ajlep 195 sispes|
dnoib pue saljiwey sdnoib
410Q U] 'UONUAIIUI
|eUOEINPS $SO| 1YDlam
pue 131p Ajuo-1uaied Yo
paseq-A|iwey [einolAeyag
s|ppou

9|0J SNouRbIpU| JO SOIPIA
UOIeWIUR 3IN3eDLIED
‘1oys papn|au| ‘sdn-y2ayd
Yi[eay suaip|iyd ay3 1oy
J1UIP ay1 1isiA 01 ssdwioud
Yum 'ysi|bul Ui sabessaw
1x31 Y3[eay Jea pasijeuos
-1ad Aq paluedwodde
‘sbenbue| snousbipu|
[BDO] Ul ($%99M 9 ISA0)
sabessaw eIpaW-}NW
Yi[eay Jea uanas

s|jes
suoyd UoIssas-Uaamiag
oM "yoea Y ¢ bunse|
suolIssas dnoib Ayaamiq
oaM-0 "UoIIBIIWI O}
9NP $S11S pue AYIAIDE [BD
-15Ayd ‘sobesanaq Ayieay
‘S usaIds ‘Bunuaied se
4ons s21dol paIano)) "uon
-uaAlaiul dnoib palojiel
AJ[eIN3|ND {pa11uad Ajiude
SELE]]

Aoelal| moj Joy paubisag
‘Juawiujodde s10300p e
210J2q UAID JUBWINDOP
abed-| e Aq papinoid
Uo[1PONPS :UOISSSS 3|BUIS

N/} wial buon

3s0p YbIH
1313WOpad 4 uoneonpy

N/} wial buon
950p 21RI2PON
uoleonp3

n/§ Wid) 10YS

3as0p YbIH
Ajuo uonesnp3

n/§ W21 1oys
950p MO
Ajuo uoneonp3

911U3d AYUNWWOD

paseq-awoH

paseq
-2WoY 1 SIIUID Y3eaH

S1UIP YajeaH

(U31p]1Y2) SSO| IYBISM

(URIpIID) y3jeay 1e3

ueay Ajiued

SUON-BUIDIBA

[¥6] (8007) d1uer

SLL1] (#107) sdijiyd

[¥8] (5107) =qed

[€6] (6661) UOsgoder

B}

A

(piDp payiodai
q  wouy papind[ps = sibjj)
JLIB "puelS elep d|qejieAy

133 1ewolq =1x3) ute|d
|eanoineyaq =1x3) pjog
sawodINQ

uondidSsap UoIUBAIRIU|

pAiewwns uonuaniaiul

Buias

uonIpuod yijesH

(1eak) Joyany ;L

(panunuod) € ajqey



Page 37 of 49

453

(2023) 23

Karran et al. BMC Public Health

(18101
/401D %56) ¥60 =4O
'€00=0d"9%G/'59 |013U0d

Adodsod|o> eryul

(Aluo

JusWIssasse auoyda|al)
21D PIEPURIS — € WY
*3INYD0Iq UOeWIOJUI
paJo|iey e jo bujjiew snid ‘|
wie se:z wily ‘bulj|esunod
paJ0|Ie) pUB 3dUIBYpPE

01 SI211IBQ JO JUBWISSISSE

N/} wial buon
950p MO

SN L '9t'G/ UOIIUSAIIU| 0} sajel dudIBYPY auoydaar:| wiy Ajuo uoneonp3 paseq -aWoH yijeay [enxas [801] (£107) 49!
AoeIa1I| MOJ JOJ palo)el
21IeUUONISIND "SYIUOW 7 |
pouad uonuaAISIUL JO UON
-eInp |P10] "S9AIdadRIU0D
JO UonNQUISIP pue sia
Sjiom yyjeay abej|ia woiy
UuonuaAIUI 10e1U0D |euosIad ‘(241e3Y)
SINOARY(6E°E—C0'E 1D %S6) ‘1e 129115 Bulpnppul) san N/} Wnipay
£07°€ YO ‘%8°0f |0U0d -IA11DB BIpawW-piul ‘dulidiey 950 3|geleA paseq awoy + uon
1 L '966'7 UOIIUSAIIU| uondadesjuod sasn 9|IGOW B PIAJOAU|  SSANASDRIUOD + UoNedNP3 -edNpa AJUNWIWoD) yijeay [enxas [001] (6102) |euUly1E|NY
dn mojjoy dnoib
IUOW-| B pUB SUOISSSS
dnoib Apeam - (uiw 06)
X G 'S1I0ye 9bueyd
Joj 1oddns usad pue
JusWabeuew-|as o661
S1 pue ‘Buiajos wiajqoid
(51001 'SSQUSAILISSS [eNXaS
F0-1D %56) £1°0-=p 9sIn0d ‘95N Wopuod uj bulures N/} wnipayy
(%97 as) 0°'GL |oauod -13)ul |enxas pajda} S||1S ‘UoIeINPS Sl UO 9SOP 31RISPON
SN L (87 adS) /L1l uonusAlaiul -oidun jo A>usnbauy Buisndoy suoissas dnoio Sd+ uoneonp3 SOIUID YijeaH y1jeay [enxas [£6] (7661) A|19M
S9DIAIDS
paseg-A1unuwwod 03 Uol
-9UuU0d pue Huiyseod
auoydajel pue adej 0}
2op4 papn|oul Loddng
‘poddns Jo y 05-9¢ Jo
19b1e1 350p B YyuM Aunw
-WOoD 3y Ul pue auloy
1 D Ul syluowl g 1oj
960=d'L0'0— =P :S90Ud palanllaq s||ys bunuaied
-19J41p dnoib usamiag oN Buiroidwl Ag ureb ybram n/4 wiay buon
UONUSAISIUI SINOARY $s90xa 1dwia-a1d 01 950p YbiH
0 <> /€00=d'(L620 016000 INg paubisep uonuaAIBIUI S2DIAISS paseq [rell (1zog)
L L D%S6)9L0=gcc0=p saulinol yyjesy paiojiel Ajlenpiaipur uy ANUNWWod  uonesnp3 QWIOY +D1ul]> YijeaH (ua1p|1y) 50| YBIRAN yuws
(pipp pajiodai J9yJewolq =31xa3 ule|d
N q Woi pajpnd(pd) =s3I|p}[)  |e4nolAeyaq =1xa)} p|og
HA SIS "puelS ejep d|qejieay sawodnQ  uondudsap uonUIAIR|  AlRWWNS UOUBAIBIU] Bumas uonipuod yjjeaHy (1eah) zoyany 1

(panunuod) € 9qel



Page 38 of 49

453

(2023) 23

(921 0185012 %56)
$80=40 'LE0=d %05
|03UOD 1041,G UONUIAIDIU]

(¢l 018290

1D %S6) 560=40 '%0'€S
(G681 =U) |0IUOD %EHS
(#81 =U) UoUSAIDIU|

3|ge|ieAR B1ED MBI ON
'sdnoib ay) usamiaq adua
-I9JJIp OU PapN|PUOd AP

(lespun 103y
4o uonda1P) ‘7950 =d
‘10U =Jp 6£€0=}

(wnwndo) ainssaid poolg

(pasinpe

951219%3 A|leQ) Yibua|
uolssas 01 paldde Jiuwi

ON 719|489 e pue Ladxe

ue wouj poddns bulutesy
y1jeay paniedal dnoib uorn
-UAIS1UI BU1 Ul UBWOM
IV °G JO suoIssas dnoin

syauow 7|

10} Bulj|asunod auoydaay
Ajyauow ‘Aep e a01m1 2Ins

-sa1d poo|q ey 01 payse

pue sulysew buyoyuow
aInssaid poojq e uanib
syueddipied {(s|1s Buinjos
wajqold ‘suoiedipaul

'351219%3 191p AY1jeay
‘suonedlidwod ‘ssuljepinb
1uswebeuew ainssaud

poo|q YbIy Jo M3IAIRAO

sajel BuipnUI) SUOISSSS UOIY
|011u02 ainssaid poojg -eoNnpa Y-g ‘Apeam x 9

s||e> auoyd

191500q 7 PaAIadal pue
[EnUBW UOIeINPS UR YUM
papIr0Id 219M ‘UOISSDS
uoleWIOJUI UIU-G7 [BNPIA

uona|dwod BuUPdeA AdH  -IPUI |:| B PIAISDSI SJURIRd

weiboid Aep-z

'suoIssnasIp pue 1oddns

dnoib |jews ‘sasioxa

‘Buj[e1£403s ‘sjpued ssad

Buipnpul poyiswnNw

pue eIPaWI[NW SJaM

SUOISSDS "U0I1eINPR

A)l[enxas aAIsusaya1dwod

sn|d saibarens uonuanaid

954N0dJ2)Ul Pa}Id) 95e3sIp paniwsuel A|je
-oidun jo £>uanbaig -nxas pue A|H JO uonesNp3

n/j wial buon
950p MO
Ajuo uoneonp3

N/} wial buon

asop ybIH

DIASP

Bunoyuow +uonesnp3

n/4 Wnipsiy
950P 91RIIPON
AJuo uopeosnp3

N/} wial buon
asop ybIH
Sd+uoneonp3

1 911U3D AUNWWOD)

19 213U AUNWWOD

paseg-Aunwwiod

2J1U=D \C_CDCLEOU

A)Isa0 3 UoISUS}-1adAH

UoIsuR1-1adAH

Y3[eay [enxas

yijeay [enxas

[S5] (7002) NiboIsIy

S (¥1027)
iy

[0z11(1202)
el ewues

[£11] (z00T) uosuiqoy

(pipp pariodai

q  wouy paypjno|ps = S31|v}y)

ejep a|qejiery

JaxJewolq =1x3) uleld
|eanoineyaq =13} pjog
sawodINQ  uondiISaP UOUBAIRIU]

pAiewwns uonuaniaiu|

uonIpuod YijesH

(1eak) Joyany L

Karran et al. BMC Public Health

(PanuNUOd) € 3jqey



Page 39 of 49

453

(2023) 23

Karran et al. BMC Public Health

Lro=d
(560 01 €£1°0- 1D %S56)
L0 (UondealUl W X

9SOWRUISIA R YS!
-ueds ‘ysiibu3 ur pasanllpg
"SYIUOWI 7| J9AO $92IN0S3U
pue susiA £ -bunsal Abis|je
soud s ‘(sdesy Juspou
‘Jleq yoeol ‘bujj|asunod
UOI1eSSD Bupows o1
[e1Iaya1 ‘suy Bujuespp
‘SWNNDEA ‘SJuauasedus
ssaumewl ‘mol|id josuod

n/j wia) buon

dnoub) 1uspyye0d 339 9 ABJ3||e) a1nsodxs aonpal asop ybiy
(01 = u) ANsuaiul MO| ‘0’8 3100s 01 s92Jn0sal 1oddns uswdinba
SN l (01 = u) Ausua1ul yobiy Ailewwns unoiaeyag  |eID0S ‘UOIIEINPS PIAJOAU| pjoyasnoy + uonednp3 paseq -swoH euwyisy [66] (S007) 126311y
1834 | Jano
(1042102 SA 7 dnoub) Z dnoib oy spiedisod € /| pPaseq-aWoH
20'1 =YY (919 SA %C9 SA dnoib oy piedysod | a1ed N/} wis) buon
9 19) sadualayip dnoib s9je4 UONESI|IIN BDIA Yi[eay [eIuap JO Siyausq 950p MO
SN L U99M13q JuedyIubis oN -13S [RIUDP SANUDARI Ajuo uopeonp3 paseq -awoH yieay [eauag [08] (z107) zn1D ejRg
1uswiuiodde yijeay
(££0016101D |40 ue Jo Bulnpayds
%56) /£0=40 '9000=d pue dsip 0apiA [eubip e N/} Wnipsiyy
L=Ip RS L= X JO UOND3S 9INUIW-3AI4 950p MO
SU0SIBd ‘966°CE |011U0D Jauonoeld asinu [eyusp salddns
1 L 96°9G UOURAIRIU|  dnYPaYd [eJUSP PUBNY UM UOISSSS UOIBINPS |:| |PIUSP + UOREINPT DIUlD Y3jeay jeudsoy yijeay [e1usg [9/1 (1107) BYINgID
sdnoib 191p Ay3eay ‘uones
4104 S3nsal [ed0AINb] 59D |0YOd[e pue bupows N/} wis) buon
syuow z | ‘sainpadoid aualbAy |eio asop ybiH
SN <> 1e dnoub usuiieas; ul Ww G < ddd Yum sais BuipieHas uolewIoUl aled
L L Juswanoldwi Js1ealn  uondwnsuod ajqelsbap papiroid weibold yijeay [eio+ uonesnp3 DIUlD Y3jeay [euag yijeay [erusQg [09] (1Z07) IpegRW|Y
$235 09—0| Buibuel soa
-PIA 0S Pasn weibold USIA
2UIOY YDea 19)Je UOISSaS
150d S329M ¢ 1€ 10PIUOD
auoydsa1 yum pousd
IUOWI-9 B JDAO SYSIA
SWOY { PAAJOAU| 1DRIUOD
auoydajel pue Losiape
v0'l =YY yijeay Aunwiwiod e N/} wia) buot
'/90=d ‘%6¥ [011U0D (uonedpaw  1INAWOD BIA UORUSAIRIUI 950p 21LISPON
SN L '9LG UONUDAIRIU|‘BEE =N O} 92UI3Yype) JuUnod |jid 9DUJ2YpPe UOIBDIPIN Ajuo uopeonp3 paseq -aWwoH uolsu-1adAH [#01] (1 107) uniepy
(pipp payiodai 19} ewolq =1x3) uie|d
5 q Wou pajpind[pd) =s3Ijp}[)  |e4NOIARYDQ =1Xd) p|og
A S "puelS ejep a|qejieny SWOINQ  uoNdudSaP UONUAAIRIU|  AIRWWNS UOIIUBAIIU] bunias uonipuod yjeaHy (1e2K) Joyany |

(penunuod) € ajqeL



Page 40 of 49

453

(2023) 23

Karran et al. BMC Public Health

S00>d %51

dnoub |013uod uaPYsp

0601 dnoib uopUaAISIU|

L L %lS

AdUa1Yap pIde D1j0) WNISS
(21Ul A|lep papusw

anbuol aaeu

ul paianijeq sa|nsded
[RISUIW PUB UILWIRLIA USAID
Os|y 'spooy asay1 asedaid
pue 2101s ‘AN pue ‘sjeaul
snonuinu ued oy moy
1ybnel usWOop) "SUOISsas

N/} Wnipay
950P 31.ISPON

SN L |OJUOD ‘948G UONUIAIRIU|  -WOD3I JO %) uodl K1ela1q UoI1edNPa UoNLINU § SUILWIRYIA + UOI1EONPT SOIUID YijeaH Koueubaid Ayyeay [¢6] (9/61) WunH
|9pOW 2AIUBOD [e1>0S
uo paseq ‘Adelall| Moj
6080=d 10J paubisa ‘syaem 7|
‘9€0°0- 1294J9 UOIIUSAIIU| uoljeinp ‘suoissas dnolb N/} WNipapyy
SN | UONUSAIDIUI SINOARY NG A@amig % 9 :weiboid 950P 91RIIPON
1 L 6100=4d'/98'| YO Ayande jesisAyq USWOM AYyjeaH buons Sd—+uoneonp3 213U AYUNWWoD Adoueubaud AyyesH [6€] (8007) 4a12W3)||IH
Aoueubaud jo uon
-einp ybnoiyry | bunsey
SYSIA SWOY APIRaMIg 0|
"SWwioy ay3 Ul sabueyd [ey
-USWIUOJIAUS pue Aejd 301
ybnoiys buiules| jeuonea
-195q0 ‘sinoiAeyaq ANAIIDR
|ea1sAyd pue bunes
aAlIsod Inoge uonesnpa
1YBIam JO JUSUISSISSEe-J|9S
Jejnbal ‘bumss [eob
11'0=0d'%6'Sy saulepinb PapPN[DU| "UONUSAISIUI N/} wia) buo’
(F€1 =U) |0IUOD) ‘959 papaadxa uleb 1ybram 1uswabeuew 1ybiom as0p ybiH
SN | (€€ | =U) UOUIAIRIU| |euoeISab 3SOUM % 9]A1594l| paseq awoH Ajuo uopeonp3 paseq -awoH Koueubaid AyijesH /1 (8102) 1yeD
uoIsSas
yoes Jaye 1oddns Jo
$19119] UeIdIsAyd ‘dn moj|o)
suoyd ‘UoISSaS PassIW JI
(840 $9119556D OJpne ‘s|ealew
0161°0-12%56) ¥1'0=pP UoeINPs USHUM UM
‘(£8'8€ 01 €9°0 1D %56) 0Ty sInopuey sse|d ‘(foam sad
21eWINSa 103)J3 (€651 25U0) sUoIssas dnoib 3oy N/} wia) buot
ds) §'¢SL |0UoD (6L -03-228) € Buinjoaur weib 250p paseq
SN L as) 1'8/ 1 uonuaIau| Auanoe jesisAyd |erop -oid JuswsbeueW-)9S  21RJSPOIA A[UO UONEINPT -awioy 19 JIUI> Y1jeaH uled 3oeq Mo [8/] (£007) ysnwieg
(pipp payiodai 19} ewolq =1x3) uie|d
5 q Wou pajpind[pd) =s3Ijp}[)  |e4NOIARYDQ =1Xd) p|og

DA 21BN puels ejep a|qejiery

S2W0dINQ  uondiIISIP UOHUIAIIU]

_u>‘_MEE:m uonuaAIu|

bunias

uopuod YijeaH

(1e2K) Joyany |

(penunuod) € ajqeL



Page 41 of 49

453

(2023) 23

Karran et al. BMC Public Health

8/20=d (€% 03 %90 1D
%G6) 2L HO '%TL 6T |01}

SN L -U0D '9%/8 € UONUSAIRIU|

uon
-U9AJS1UI SINOAR) Amw 18|l 01
8YT L 1D 9%S6) L05'L =4O

SUO|e [PUOIL
-eonpa sINoAey ‘500 <d
‘97=(011'¢)4 dnoib Aq
J3JJIP 10U PIP Wil JSAO

SN L sueinw ul asealda

ssaupasedaid yiig

(21025 23s0dwiod)
sinol
-Aeyaq A1an19p AyyjesH

S|aA3] sueIny

sawoy

UMO J19y) Ul S3lj1udey JIay)
pue uswom jueubaid
[QRCIEWIEIEIEIN
SUOISSS DAIIDRIDIUI X 7
pue ‘paseg-Aunuwwiod
UlW-Gf e—siuauodwod
7 pey Aba1ens usw
-abebua Ayunwiwod ay|

sbupssw

dnoub Ajypuow pusie o}
1USWHRINODUS 13 USWIOM
1ueubaid 03 SHSIA swoy
‘S9911IUIUIOD UOIIRIUBS i3
yijeay abej|IA Ul Siaxiom
PploY ALUNWIWOD PaA[OAUL
05| UOIIURAIRIUI A)ISUIUI
YBIH "(SI913|SMau 9
a1eay) 1921 ‘Buipuelq
921yan ‘sisisod) bul
-bBessoaw eipswi ssew

19 (SIUSAS AUNUWIWOD
Buunp sabessaw yieay
Jo A1an1ap) Aoed0ApE
papn|ou| subreduwied
|9AS[-1DLISIP BIA UOIUSA
-19)Uul JBaA-¢ ‘3|eds able

1A [ereusld yiuow-6

1€ S[elIS1eW [BUOIIEINPR
paseq dnoub |jews

9J9M SUOISSSS UONLINN|
‘wnyedisod syoam 9
pUE SYIUOW 6 1B UOISSaS
dnoib uonmnu y-1 e
pue UoledNpPa—g Wiy
'SUOJe UOIIeINPR—| WY

N/} wis) buot
950p MO
Ajuo uonesnp3

N/} wial buon
950p 9|geleA
Ajuo uopeonp3

dnyj wia buo
950p 21LISPON
AJuo uonesnp3

paseq
awoy + Ayunwiwod

sbunasw dnoib F uon
-eJNPa AYUNWWoD

213UD Y3jeay ANUNWWOD

Yieay
ulogmau i Aoueubald

ieay
ulogmau g Adueubaid

Koueubaud AyijesH

[8z11(1207)
AoygpooH

o165 (5107) eAteydy

[SL1](2L0Y) auisiay

(p3pp pariodai
wiouj pajp|na|pd = sip}|)
ejep sjqejleay

> q
DA DU ‘puels

J19)1ewolq =1xa) ule|d
|eanolneyaq =1xa) pjog
saWodINQ

uondudsap UoIIUAIRI|

_u>‘_MEE:m uonuaAIu|

bunias

uopuod YijeaH

(1e2K) Joyany |

(penunuod) € ajqeL



Page 42 of 49

453

(2023) 23

Karran et al. BMC Public Health

9dUalo)

-JIp JUBDYIUBIS OU 106/ 7
|0JIUOD 194587 UONUAISIU|
(¢=as) %9 |oauod

(€ =QS) %9 UoUaAIIU|

SN 0
SN <>

JUBDYIUBIS 10U ‘UOIUIA

-191UI SINOARY (8 01 7 |D

9%56) L8 [011UOD SA (176 01

0 L /1D %S6) €8 UonUSAIRIU|

UONUSAISIUI SINOARY
(6€°£ 0 1EL 1D %S6) € Y

€0'L=yY's10=d"%l9

SN L |OUOD 0£9 UONUSAIU|

(OF'€ 0111 1D%S6)
66'L 4O passnipe 190¢
|O1IUOD ‘0461 UOIIUSAIDIU|

(elwdeUR

UM 9) UiqojbowseH
syuow 6

1e buipasy Jsealg

Auanoe/Loy saqudsaqg

Ausianpe
A1ea1p wnwiuipy

apmpiwy/asinu £q JSIA

sjudws|ddns
pide dijoj pue uoii Auy

syuow g1 Jo
pouad e J9A0 suolssas 9|d
BN (S19Jes| pue 09piA)
$924N0Sal [eUOI1eINPR
sn|d 9o} 0 2B} PaIAAIISP
suolssas—uwiesboud
uonesnpa yieay Aieaiqg

1uswdojanap a1e|1oey 0}
SKem SSNISIp puUe S9USDS
P3193]95 YDI1BM JaUAIIUI
pue Jayiow ayi—g ved
‘Ageq ay1 yum buikerd
PapPI0I31-03PIA SEM
Jayiow ay1 -| wed :sued
C PeY SHSIA 8 943 JO Yoe]
Buinjos

-wp|goid pue salpnis ased
‘uone|nulis ‘bul||23 -A101s
‘sAe|d 9]0l ‘SUOIRIISUOWSP
'S9S1249%3 }Iom dnoib
‘suolssnosip dnoub ‘syjel
PaAJOAU| “polad LUOW-6
© J9AO SYISIA SWOY 6 pue
suolssas dnoib g buijoaul
UOIIUSAIIUI PRISAIIDP
SI9pea| paseq AHUNWWOD

SEEET
pue s13150d Jo UonNgUISIP
puE |elI91eW O3pPIA pue
sAejd ajou Buisn sdnoib uj
papiAoid uonedNp3 'sadIA
-195 UOIIBONPa 13 Y1[eay
P2[3IUS UO uonRWIOUI
S1UILISSSIP 01 J21sN|D
9be||IA yoea Ul pjay a1am
sbuneaw dgnd ¢ 01 om|

UoneINp YIUoWw-7 |

“WaY) ssaIppe 03 saibjents

a1e|nwiioy pue swajgo.d
|ereu-pad asnuonud pue
Ajpuspl 0} yruow A1
sbupaaw dnoib suswom
SUIU PAUAUOD JO1e)|1DB)
9]eWS) V "SINOIABYSQ d4eD
pue yuigp|iyd aAoidwi 0}
uonuaniaul A1oredpiied
paseq-AlunuwwodD

N/} wia) buon
350p UbIH
Ajuo uonesnpy

N/} wia) buon
350p UbIH
Ajuo uoneonp3

N/} wial buon
as0p ybIH
Ajuo uoneonp3

N/} wial buon
950p 9|qelIeA
Ajuo uoneonp3

n/j w9y buo
950p 3|qeleA
Sd -+ uoneonpj

paseq -aWoH

S213U3D Y3[edH

paseq aWoy + 2.3
-U3d AJunwwod

sbupaaw dnolb F uon
-edNpa AYunwiwod

EhVEs] \C_CDCL_,COU

Yijeay uiogman

Y1[eay UIogmaN

Y1[eaY UIOgMaN

Yiesy
ulogmau i Aoueubald

Yiesy
ulogmau g Adueubaid

[S/1(2661) SPIYD

[€9] (0202)
ebualeAly

[85] (0202)
nAIgy

[011](£007) Aopueq

[€0L] (¥007) seypueuepy

(p3pp pariodai
5 q  woiy papnd[pd = $21|p}j)
A S "puelS ejep sjqejleay

J19)1ewolq =1xa) ule|d
|eanolneyaq =1xa) pjog
saWodINQ

uondudsap UoIIUAIRI|

_u>‘_MEE:m uonuaAIu|

bunias

uopuod YijeaH

(1e2K) Joyany |

(penunuod) € ajqeL



Page 43 of 49

453

(2023) 23

Karran et al. BMC Public Health

yidap 133pod buiqoid gdd ‘sniia ewojjided
uewny AdH ‘sniia Aouspyspounuwiwl uewiny AjH ‘9seasip Jejndsea-olpaed gAD ‘Xapul ssew Apoq jjyg ‘UoIIeIASP pIepuels (S ‘[BAIS1UL 92USPYUOD [ ‘O11e1 S Y ‘Ol1el sppo YO ‘dn-mojjoy nyjy ‘Loddns 19ad §4 :suoneinaiqay

dn-mojjoy wid} buo| = syjuow 9 <‘dn-mo||0} WIS} WNIP3W = SYIUOW 9—¢ ‘dN-MOJ|0§ W3} 1IOYS = SYIUOW € >:Uuoi3edyisse|d> dn-moj|o ‘UoiedYIsse|d 3sop 1oy ¢ xipuaddy 235 |,

S9WODINO J3yJewWolq d1ed1pul ()

SSOUBAIIDBYS PapN|dU0D S3IPNIS |enpPIAIpUl J9Ylaym 0} @:_U\_Ouum U@C@_mmm —JUN0d 3)0A w>_um>‘_mm:0u”uu> 5

(3uedyiubis Ajjeonsness jou se payiodai synsal) Juedyiubis 10U ‘SN

103449 JO UOIIDRIIP SUIWISIBP 0} 3|qeUN—I(|0IIUOD = UOIIUSAIDIUI)
[B20AIND UORUSAIZIUI JO 30343 = < >!dNOIB [0J3UOD JO INOARY Ul SILWINSS JUI0d = ) {UOIUSAISIUI JO INOARY Ul IRWINSS JUI0d = | [SPOYI3W JUNOD 3J0A 3UeIY0D) 03 Bulpiodde paubisse - dL1aW pasipiepuels o

(S1q 40 5{sH,YBIY, SSIPNIS SO |y) 'SBIQ JO YjsH 4eaun,

UOIIUSAJIIUI SINOARY (6L |

uoddns suoydajal Jo/pue
(13K | 4o SUSIA Ajyauouw)
BUIISIA SWIOY 'SUOISSS
ul-dolp papnioul abexoed
pIEPURIS 'SIBIA G UBY) SS9
UIPJIYD YIM SISyIoWw

10} uoluaAIRIUl Loddns

N/} wial buon
asop ybIH

paseqg-awoy

SN L 01290 1D %S56) 980 ¥y Bunjows jeusalepy dnoib Ayunwwod Ajuo uoneonp3 13 911U9D AYUNWWOD) y1jeay uIogmaN [9z1] (S007) SuIbbIp
Aungejrene
[enbuljig ‘sistieq buipasy
-153.q UOWIWOD Ssaippe
01 paubisaq ‘buljjasunod
(%1 01 Jo uoisinoid pue [eusrew
01012 %56) 8€0=40O Bulpeai ‘sadeioapia
100>d756=(05=u [BUOIIEDNPD PAA|OAU] “SHSIA N/} wnipayy
1) X198+ 1 [013U0d Bur |ejeu-aid yum uonounfuod 950p 21LIIPON
L L '96°00 UOIIUDAISIU|  -pa3jIsealq Jo uoneniu| Ul papiroid sUoIssas 4 Bulj[asunod + uoleonp3 SOIUID Y1eaH yijeay uiogmaN [811] (#007) 495AY
sabessaw
9DI0A G| JO |€10) B JOJ
sAep / 10y wnuedisod
Ajo1e1pawiwl Aep uad
9bHesSaW U0 JO JaISN|D B
Yum obe Jo Jeak | pauiny
1uejUl [1IUN pue Adueubaud N/} wia) buo
5000=4d'0Q0T smels  1noybnoiyl yeam Jad X ¢ asop ybiH
L L 011°L 1D%56) LS'L HO uonezjunwiwi Jueyul  PIAAYP saBESSIU 3DI0A Ajuo uonesnp3 paseq sWoH Yijeay wogmaN [601] (610) Ayuniy
||e2> suoyd dn mo||oy
sn|d yoea Joj UoISSaS |
ISIPIRYD U3 IoM Uieay
Aunwwod e yum auoyd
Aq papiroid ated—z wly
15129y e Buisn Jaxiom
41/eay AUUNWIWOD B Y1IMm
900=d uostad uj papiroid K19 n/j wis1 1oys
‘9’9 UBSW [0)JUOD ‘T/  (940Is d)Isodwiod) SAJ1Y  -Al|9P Ja)e SABP 9311 d4ed 950p MO
SN L UBSW 7 WJe UONUIAIIUI ->eid yyjeay jejeursod [ereussod Ape3—| wly Ajuo uonesnp3 paseq —aWOoH Yi[eay uiogmaN [901] (9107) |[RUUODIW
(p1pp pariodal J19)1ewolq =1xa) ule|d
5 q wolpapjnd[p>=s2I|p}|)  |eANOIARYD] =1X3)} p|og

DA 21BN puels ejep a|qejiery

sawodnQ

uondudsap UoIIUAIRI|

_u>‘_MEE:m uonuaAIu|

Bumas uopuod YijeaH

(1e2K) Joyany |

(PanupUOd) € 3jqey



Karran et al. BMC Public Health (2023) 23:453

low (at best). Our vote-count syntheses found a marked
discrepancy in the proportion of effective interventions
depending on the method applied to classify benefit (i.e.,
85% versus 43% for behavioural outcomes and 83% ver-
sus 31% for biomarker outcomes). The evidence included
in this review did not demonstrate consistent, positive
impacts of educational interventions on health behaviours
or biomarkers in socio-economically disadvantaged pop-
ulations. We were unable to draw conclusions related to
the common features of ‘effective’ interventions due to the
high clinical and statistical heterogeneity of the included
studies.

Meta-analysis of the six sufficiently homogenous stud-
ies aiming to increase physical activity showed no effect,
but the four studies that were not included in the meta-
analysis due to heterogenous outcomes reported sig-
nificant improvements in the physical activity outcome
compared to control interventions [37-40]. Of these four
positive studies however, two had fewer than 50 partici-
pants [37, 38] and two had drop-out rates exceeding 48%
[37, 39]. Thus, evidence suggests it is unlikely that educa-
tional interventions had changed physical activity in dis-
advantaged populations.

Educational interventions were shown to have a small,
pooled effect (Hedges g=0.3) on cancer screening rates,
however certainty for this evidence was rated as ‘very
low’ Five studies investigating cancer screening uptake
were not included in this meta-analysis — two used var-
ied outcomes (self-reported breast self-examination), [41,
42] two were low-dose, [42, 43] and two had comparison
groups that were active interventions [44, 45]. From these
studies, the interventions were effective for the two stud-
ies with breast self-examination outcomes, one of which
analysed only 21 participants at follow-up. Based on the
findings of the studies not included in the meta-analysis,
the lack of evidence of benefit combined with the low
quality of evidence reinforces that educational interven-
tions to boost cancer-screening had, at best, small effects
on cancer screening.

This review of evidence concerning the effectiveness
of health-related educational interventions that target
socio-economically disadvantaged populations is less
encouraging than reviews of other health interventions
in socio-economically disadvantaged groups. One review
of mixed interventions for diabetes care [46] including
novel providers’ roles, education and resources, found
positive outcomes in 11 of the 17 included studies. The
authors suggested that cultural tailoring, individualised
components, multiple contacts (>10), providing feed-
back, and involving community educators or lay people
in delivery, were associated with better outcomes.

Our findings also show a stark contrast to the positive
effect observed from health education interventions in
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non-disadvantaged socio-economic groups. Educational
interventions designed to improve health-related behav-
iours such as oral health practices (15 studies), [47] foot
self-care practices amongst diabetics (14 studies), [48]
and cervical cancer screening rates (17 studies), [49]
seem to provide mostly meaningful benefit. Education to
promote self-management of hypertension demonstrated
benefits on blood pressure outcomes in a systematic
review of education programs that also targeted self-
efficacy (14 studies) [50]. This contrast seems critically
important because it raises the distinct possibility that
educational interventions that are widely endorsed on
the basis of their apparent effects, are often failing to
meet the needs of the very people most likely to need
them [51].

There are strengths and limitations of this work. We
applied contemporary standards of transparency [52]
and rigour, and reporting was in line with the PRISMA
and PRISMA-E templates, and SWiM guidelines. We
were unable to perform meta-analysis on a large major-
ity of included studies due to heterogeneity. We synthe-
sised data from these studies using two vote-counting
methods: 1) studies were categorised as positive or nega-
tive based on direction of effect, regardless of effect size,
and 2) studies were categorised as positive if the authors
concluded the intervention was effective. The former
method is recommended by Cochrane and does not con-
sider statistical or clinical significance. Critically, neither
approach provides estimates of the size of effects which
is needed for policy or clinical decisions. The two syn-
thesis methods provided very different results. Method
1 resulted in 83% of positive studies for behavioural
outcomes and 75% for biomarkers, Method 2 resulted
in 47% and 27% respectively. This inconsistency casts
significant doubt over the usefulness of vote-counting
approaches and means that we have very low certainty in
our conclusions.

There may have been studies eligible for inclusion that
were not identified by our database searches. For exam-
ple, searching for specific conditions (e.g. diabetes) may
have identified relevant studies not identified in our more
general search for ‘health-related’ interventions; and stud-
ies that involved education as components of an interven-
tion without explicit mention of this may have been missed.
Citation chaining may also have identified further eligible
studies. While not searching grey literature can contribute
to an over-estimation of effectiveness (since null findings are
less likely to be published in peer reviewed journals), this is
unlikely to impact the findings of our review since most of
the included studies concluded a lack of effect. Our evalua-
tion of publication bias also suggests that this is not likely to
be of major concern. Finally, it is important to acknowledge
that we applied a very broad definition of socio-economic
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disadvantage when selecting studies for inclusion. While
included studies most commonly involved participants with
low income, types of disadvantage were also widely dispa-
rate (e.g., low educational attainment, living in rural areas,
ethnic minority groups). Subgroup analyses of these fac-
tors was precluded due to study heterogeneity, such that it
remains undetermined whether these varied types of disad-
vantage differentially impacted involvement in clinical trials
or responsiveness to interventions. The impact of contex-
tual factors associated with the economic classifications of
the countries in which the study was conducted (e.g., lower
middle income vs high income) is also unknown.

Conclusions

This review highlights that health-related educational
interventions tested to date have not consistently demon-
strated positive impacts on health behaviours or biomark-
ers in socio-economically disadvantaged populations.
Based on this conclusion — along with the low certainty
of findings and the high ROB of the majority of included
studies — we suggest that targeted approaches must con-
tinue to be pursued, concurrent with efforts to gain a
greater understanding of factors associated with their suc-
cessful implementation and evaluation. This investment is
likely to be important to reduce inequalities in health.
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