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Abstract

Introduction The health benefits of physical activity (PA) are now widely accepted and proven. Promoting PA
in the workplace is therefore of major public health interest, but is limited by employees'adherence.

Method A systematic review was therefore carried out to identify factors for adherence to PA promotion program

in the workplace (primary outcome); health outcomes were to be regarded as secondary outcomes. Four databases,
PubMed, Web of Science, Cochrane Central Register of Controlled Trials (Cochrane CRCTs) and PsycInfo were searched
to find all pertinent articles published from 2000 until June 2024. Only randomized controlled trials (RCTs) and clinical
trials were selected.

Results More than 9000 publications were analyzed and 91 were retrieved. Two main types of study were identified:
46 non-supervised PA programs (NSPAPs) supported by socio-cognitive theories, and 45 supervised (tailored) pro-
grams (SPAPs). Concerning the primary outcome, the main factors identified for adherence were the levels of baseline
PA, health and motivation of the individual; intervention individualization at the interventional level; and work envi-
ronment quality at the organizational level. This review highlighted significant health benefits in both types of study,
with effect sizes ranging from small to large.

Discussion Assessing these factors for adherence emerges as an essential prerequisite before implementing a PA
promotion program in the workplace. According to our results, implementing NSPAPs, supported by socio-cognitive
theories, is rather complex, and such programs can be difficult to operationalize in their entirety; consequently, coach-
supervised PAPs based on RCT programs tend to be more effective.

Conclusion Our results prove the short and medium-term beneficial effect on health of PAP in the workplace

based on rigorous methodology such as RCTs. Management'’s support through work organization and the follow-up
of actions in the long term are an essential factor for adherence to these programs. Finally, we suggest what this litera-
ture review contributes for future research or entrepreneurial and/or political projects. In fine, new models of working
time will have to be considered.
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Introduction

Physical activity is defined as all body movements pro-
duced by the activation of skeletal muscles and resulting
in an energy expenditure greater than the resting metab-
olism [1, 2]. It provides a large number of health benefits
to individuals: reduction in chronic non-communicable
diseases such as coronary heart disease, stroke, diabe-
tes, certain cancers, depression, anxiety, or obesity [3-5];
primary prevention of more than 35 chronic diseases [6];
and first-line treatment for more than 24 chronic non-
communicable diseases [7]. These benefits are now widely
accepted, and are found in all individuals, regardless of
their gender, age or comorbidities [8—10], even for mod-
est physical activity levels [11]. Despite the WHO’s guide-
lines on physical activity [12], it is clear that the physical
activity level of most individuals is insufficient [13, 14].
In France, fewer than 50% of individuals aged 15 to 78
can be considered sufficiently active, with three quarters
of the population failing to reach the 10,000 daily step
target; indeed, while 36 million people stated that they
had engaged in at least one physical or sports activity in
the year, only 14 million of them practiced activity more
than once a week [15]. Physical inactivity (not reaching
the recommended physical activity levels [16]) results in
a significant health decline in populations, through the
increase in a number of chronic non-communicable dis-
eases [17-21]. It may well even be the cause of one in six
all-cause deaths worldwide [22]. There is also an increase
in sedentary behaviors, defined as a state of wakefulness
characterized by an energy expenditure <1.5 times the
resting energy expenditure (1.5 MET) [23], with deleteri-
ous effects on health different from those due to physical
inactivity [24, 25], and present regardless of the physi-
cal activity level of the individual [26—28]. The harmful
effects of sedentary behavior are very difficult to over-
come through the practice of physical activity: indeed,
>60 min of moderate-to-high intensity physical activity
per day are needed to overcome >8 h of seated position
per day [29]. In France, people in their forties spend an
average of 12 h a day in a seated position during work-
ing days, and about nine hours during non-working days,
with a total of more than 70% of the population spending
more than eight hours a day seated [30].

The decrease in physical activity level and the con-
comitant increase in sedentary behaviors have been
rising in developed countries for several decades. The
forecasts of a 2012 study suggested that the average
physical activity level in the United Kingdom would
reach 153 MET hours per week by 2020, and 140 MET
hours per week by 2030 [31]. The significant work
changes observed since the industrial revolution appear
to be one of the major causes of this phenomenon.
An increase by >20% in sedentary occupations was
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observed in the United States between 1960 and 2008,
with a concomitant drop in physically active occupa-
tions [32]. The same is true in France, where working
adults now spend more than ten hours a day seated
during the working day and 7.58 h during non-working
days with a concomitant increase in screen time [33].
Moreover, the association between sedentary behav-
iors and the type of work (office work, manual work,
work in a care setting, etc.) is clearly demonstrated,
with office workers spending 66% of their waking time
in a seated position, compared to 59% for all workers,
and barely 47% for manual workers [34]. The health of
workers is thus impaired, with more cases of obesity,
absenteeism, depression and anxiety among the most
sedentary workers [24, 35-38].

The workplace has thus become the main target of
health promotion policies [5], and even appears to be the
ideal place to fight against sedentary behaviors and pro-
mote physical activity. Indeed, due to the time spent by
employees in the workplace and the possibility of involv-
ing the employer and the social network of the company
in the process, the chances of success of programs pro-
moting physical activity and fighting sedentary behavior
are enhanced [39]. Thus, many barriers are overcome, in
particular the lack of time and proximity [40], with lack
of time being the first limitation to the implementation
of regular physical activity reported by employees [41].
The employer also becomes a major lever, whether at the
material, organizational or financial level [42, 43]. Finally,
the benefits for the company are well documented, with
an increase in productivity [43, 44] and a drop in absen-
teeism [22] and health costs [45]. Finally, the benefits
for the companies are often questioned, with a potential
increase in productivity [43, 44], a drop in absenteeism
[22], an impact on healthcare costs [45], provided that
the programs are based on a high-quality methodology.

Physical activity promotion programs in the workplace
have therefore been widely developed in recent years.
Through its recommandations, the World Health Organi-
sation encouraged two main categories of physical activ-
ity promotion programs [5, 12]: tailored physical activity
programs, supervised by a coach (SPAPs) and/or non-
supervised physical activity programs (NSPAPs), essen-
tially based on motivational/socio-cognitive theories.
According to Vddnénen et al. [46], we distinguished three
types of NSPAP: (a) informative programs, (b) behavioral
programs; and (c) motivational programs supported by
socio-cognitive theories (Fig. 1).

(a) Informative programs deliver messages to employ-
ees about the benefits of physical activity through work-
ing groups, seminars, posters and newsletters, and have
been shown to be effective in boosting physical activity
levels and reducing sedentary behaviors [47-49].
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Physical activity promotion programs at work
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Fig. 1 Physical activity promotion programs in the workplace. Based on Global action plan on Physical Activity 2018-2030: more active people
for a healthier world [Internet]. World Health Organization; 2018 [notified 3 sept 2021]. 101p. https://apps.who.int/iris/handle/10665/272722.and
Vaananen et al. 2022. Workplace physical activity practices in real-life: A scoping review of grey literature for small- and medium-sized enterprises.

Eur J Public Health 32:1,i22-i27

(b) Behavioral programs consist in the development
of behavioral strategies by employees, allowing them to
include more physical activity in their daily lives while
decreasing their sedentary behaviors. This can be done
by the progressive implementation of walking sessions
in the work routine (at lunch break, while going to a
meeting, during a phone call...) [50], through a change
in transportation mode [51-54], or through the imple-
mentation of active breaks (short interruptions of the
usual work tasks to practice simple physical exercises
of moderate intensity, for example via an application
sending messages at regular intervals encouraging the
user to leave the seated position) [55-57]. The effective-
ness of such programs is mainly seen in the increase in
cumulative physical activity level during the day, with a
lesser effect on sedentary time, even though it is known
that for an equivalent sedentary time, the interrup-
tion of long sedentary periods is beneficial for health
[58-60]. Effectiveness may be improved by individual-
ized counseling and support provided during individual
interviews, helping employees when choosing physical
activity, setting progressively increasing goals, or moni-
toring their activity level [61-63].

(c) Motivational programs include a motivational com-
ponent, for example by using a pedometer to monitor
physical activity in real time [64, 65], or by setting up
challenges among colleagues [66—68]. As lack of moti-
vation is the second most important barrier to physical
activity reported by employees [41], it is easy to under-
stand the importance of this motivational component. In
some programs, motivation has been targeted through
symbolic, material or even financial rewards [69-71],
with significant effectiveness.

The development of (b)/(c) components may be sup-
ported by theoretical models, such as the transtheoreti-
cal model of health behavior change [72], social cognitive
theory [73], self-determination theory [74], goal-setting
theory [75], theory of planned behavior [76], learning
theories [77], self-reguation theory [78], behavior change
wheel [79], or motivational interviewing [80, 81]. The
reliability of these models has been discussed with diver-
gent results, although the interest of such models has
been repeatedly emphasized [82—85].

Supervised Physical Activity Programs (SPAP) may dif-
fer in many types of exercises: a) specific muscle strength-
ening exercises, probably effective on the prevalence of
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musculoskeletal disorders; b) aerobic exercises, such as
endurance, that could also be beneficial at the musculo-
skeletal, cardiovascular and metabolic levels [85—88].

Yet the abundance of physical activity programs in
the workplace should not obscure their limitations. For
instance, the impact on sedentary behaviors seems lim-
ited; a Cochrane meta-analysis (Shrestha N., 2018) finds
a reduction in seated time of less than 30-60 mn per
day [89], whereas the mean sedentary time may exceed
ten hours per day [33]. Another Cochrane meta-analysis
(Parry SP., 2019) found no impact for reducing musculo-
sketal disorders [90]. On the other hand, the above-men-
tioned physical activity programs rarely include more
than one hour of additional cumulative physical activity
per week, whereas a minimum of 60 min of moderate-
intensity daily activity (brisk walking at 5-6 km/h, or
cycling for pleasure at 16 km, for instance) is needed to
significantly counteract the effects of sedentary behaviors
[29].

Meta-analyses show contradictory results, with certain
interventions demonstrating efficacy on shoulder pain,
but no effect on lower back or upper limb pain [91]; cer-
tain interventions demonstrate no effect on metabolic
risk factors, and only a small effect on the prevention of
mental health disorders, but strong evidence was found
for the prevention of musculoskeletal disorders through
workplace interventions, especially resistance exercise
training [92].

Secondly, numerous publications have shown that
physical activity promotion programs in the workplace
have failed to target the employees who needed them
most, i.e., the most sedentary, least active, and with the
worst health indicators; and that most participating
employees were already physically active and healthy
[93-97].

Thirdly, the adherence of employees appears to be the
main limiting factor for such programs. The adherence
rate is often <50% [98], both in terms of participation
in physical activity sessions as part of physical activity
programs [99-102] and the use of tools provided as part
of NSPAPs [103, 104]. It should also be noted that this
adherence rate decreases during the course of the inter-
ventions, thus highlighting the progressive disinterest of
employees, despite a fairly satisfactory initial participa-
tion [99, 102].

Only a few research studies have attempted to ana-
lyze this low adherence, and even fewer have identified
its causes. As stressed by Genin PM. et al, most stud-
ies, rather than trying to understand the determinants
of the employeeslow adherence, prefer to use different
incentive methods to maintain an acceptable participa-
tion level (e.g., financial incentives), without real success
[105]. It is therefore necessary, before considering the
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development of any new physical activity promotion pro-
gram, to try to understand the factors promoting or pre-
venting the adherence of employees.

Research hypothesis

H1: Factors influencing an exercise program at work
depend on:

1. Individual factors

2. Intervention factors related to the type of exercise
program

3. Organizational factors

H2: Physical activity programs can have a beneficial
effect on health.

Aim of the study
A systematic review was therefore carried out to:

1: identify factors for adherence to a physical activity
promotion program in the workplace (primary outcome);

2: Identify the health effects based on the type of pro-
gram, and specify, if possible, the effect size (secondary
outcome).

So the study aims to provide an overview of the current
state of knowledge, help entrepreneurial and/or political
new projects, establish a framework for new research.

Method

Selection criteria

We aimed to include all relevant original research studies
with a quantitative design.

Filters were applied. The first filter was the publication
date, which had to be comprised among 2000 and june
2024. The second filter was the type of study conducted:
clinical trial and/or randomized controlled trial. Studies
had to be written in English, internationally published,
and peer-reviewed. We did not include studies with
purely qualitative design, studies only reporting descrip-
tive statistics, dissertations, book chapters, or theoretical
work such as editorials, short communications, or con-
ference abstracts.

Search strategy and study selection

The Institute of Medicine guidelines for completing
systematic reviews were used and reporting of find-
ings followed PRISMA guidelines [106, 107]. Electronic
databases searched for studies published between 2000
through June 2024 included PubMed, Web of Science,
PsycINFO, and Cochrane CRCTs. All aspects of the
review process were completed by two researchers (DT,
QQG). Titles and abstracts of all articles were screened
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for applicability. If the article appeared to meet the
review’s inclusion criteria, the full article was reviewed
and assessed to ensure that it met the criteria for inclu-
sion. All discrepancies were reviewed by the same two
researchers and consensus was met regarding the eligibil-
ity of the study. For each article included in this review,
all references were reviewed for inclusion criteria. The
keywords included the two main concepts: physical activ-
ity and workplace.

The algorithm and selected MeSH Terms included in
the database were: physical activity intervention [MeSH
Terms]) OR physical activity program OR physical exer-
cise [MeSH Terms] OR training [MeSH Terms] OR
resistance training [MeSH Terms] OR endurance training
[MeSH Terms] AND workplace [MeSH Terms] OR work-
site [MeSH Terms] OR employees [MeSH Terms] OR
workers [MeSH Terms] AND compliance [MeSH Terms].

This query allowed the retrieval of the maximum num-
ber of scientific publications dealing with both physical
activity and the workplace. Filters were applied. The first
filter was the publication date, which had to be com-
prised between 2000 and 2024. The second filter was the
type of study conducted: clinical trial and/or randomized
controlled trial. We found no meta-analysis concerning
our primary outcome for this review.

In addition to the references obtained through this
search, references of interest cited by or citing the
retrieved publications, or presented as similar to them
were also analyzed.

Inclusion and exclusion criteria

The inclusion and exclusion criteria for the publications
followed the PICO method in accordance with Richard-
son WS [108], and were therefore based on the study
population, the intervention type, the type of assessment
performed by the authors, and the selected endpoint.
They also took into account the analysis of adherence and
factors for adherence performed by the authors. Further,
we included populations consisting of employed workers
(public and private sector). We excluded studies of self-
employed and/or students.

Manuscript selection

DT and QG analyzed the selected papers independently
in the screening and eligibility steps to compare the
selected/not selected articles; in the case of disagree-
ment over the quality of the article or the lack of preci-
sion in the inclusion criteria, the articles were excluded
(Fig. 2). The publications retrieved were sorted by year.
This allowed the grouping of publications on the same
study, and the rapid identification of papers published by
the same research team. Firstly, the titles were analyzed
to exclude all publications that were clearly unrelated to
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physical activity or the workplace. The abstracts of the
publications were all then read, to exclude further pub-
lications. When it was not possible to exclude a publica-
tion based on its title and abstract, the full text was read
to search for exclusion criteria, which included a lack of
information about the design of the study, the number of
participants, the type of work environment, the study’s
duration, and/or the theoretical model used to develop
the intervention. The publication was included in the
final analysis only after the full text was read (Fig. 2).

When reviewing the different publications, CG and DT
grouped the references related to the same study, and
analyzed them together. For each publication selected,
detailed criteria of inclusion were necessary: a) study
design, b) number of participants, b) type of work envi-
ronment, ¢) study duration, d) the theoretical model used
to develop the intervention, e) description of the inter-
vention. These data were compiled on two tables accord-
ing to the type of intervention: non-supervised physical
activity program (NSPAP) (Table 1) or supervised physi-
cal activity program (SPAP) (Table 2). For NSPAPs, we
specified whether the intervention was based on a socio-
cognitive theory and its model (such as TTM, SCT...).

We also identified the tools and means used: individ-
ualized adjustment of the intervention content, use of
pedometers, individual counseling and financial incen-
tives in particular. For SPAP programs, we specified
whether the exercise sessions took place in the work-
place, whether they were supervised by a sports educator,
and whether their content was adapted to an individual
level. Then, for each of the publications, we indicated
the reported adherence, either in terms of participation
in the different components of the intervention (e.g.,
website access, participation in motivational interviews,
participation in physical activity sessions), or in terms of
changes in physical activity (e.g., changes in the number
of daily steps, changes in sedentary behaviors, increase in
physical activity level).

We then identified the different factors for adherence
reported by the authors, classifying them into three cat-
egories: individual (employee-specific), interventional
(physical activity promotion program-specific) and
organizational (workplace-specific) factors. This clas-
sification has already been used and validated elsewhere
[109]. For each of these factors, the type of association
with adherence was specified (positive, negative, neutral).

Risk of bias and quality of evidence

In order to estimate the Quality Index [QI]: [Min =0,
Max =5], we assessed and reported the methodo-
logical risk of bias of the included studies in accord-
ance with the Cochrane Handbook (Higgins, 2011)
and the guidelines of the Cochrane Consumers and
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Fig. 2 Article selection flowchart. from: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement:
an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. https://doi.org/10.1136/bmj.n71

Communication Review Group (Ryan, 2013), which
recommend the explicit reporting of the following
individual elements for randomized controlled tri-
als: random sequence generation; allocation sequence
concealment; blinding (participants, personnel); blind-
ing (outcome assessment); completeness of outcome
data; selective outcome reporting. We assigned the
following scores according to the number of limita-
tions described: one major limitation: QI =4; two
limitations: QI =3; three limitations: QI =2, and so
on. Within Supplementary Files 1 and 2, we added
columns describing the results (adherence factors,
outcomes and effect size), and a column describing
a quality index [QI] taking into account the studies’
limitations.

Results
The total number of records retrieved was 9619. Finally,
we included 91 publications that met the inclusion
and exclusion criteria (Fig. 2). The systematic review
allowed for the identification of two main types of
studies. There were 46 publications on non-supervised
physical activity programs (NSPAP) and 45 on super-
vised physical activity programs (SPAP). The features of
each publication are presented in Tables 1 and 2.
Results for employees’ adherence, outcomes, poten-
tial limitations, study quality and effect sizes (when
they are indicated on the manuscript) are reported in
Supplementary Files 1-2. Studies with significant out-
comes results are described in Tables 3, 4 and 5, Figs. 3,
and 4.


https://doi.org/10.1136/bmj.n71

Page 7 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

10IABY3g pauue|d Jo A10ay |
WLLLDS

108

SoMaUIRY [BD132103Y) ON

NLL

WNLL

GGG =N"9D
9951 =N DI
(sode|dyiom Q)

SPIM | LCLC=N

SLL=ND
56 =Nl
(Ansnpul 9dA1-3011195)

Syuow 7| Olc=N

(s19xiom

95UJ0 uolesisiuiwpe d1jgnd)

S EEN 4] LLL=N
891 =N UoleUWIoI DD
LEL=N

wieiboid SAIUDDUL D] (SIDIOM
920 [eddIunwi ‘sade|dyom €)

Syuow 6 66C=N

LCE=N
:UOIIUSAIIUI G3AN 01 PR1BIO| |V
8CE=N
:UOIUSAIIUL 1ULId O) Pa1ed0||y

SHOIM 8 (SI9x4oMm 3DUJ0) 559 = N

sabessawl Apam ou

POAIDII D) AU "SHIIM 7 | 10§
yoam Jad abessawl uopLINu |9
-|esed UO pue g SUO PaAIDIRI
D] 9y ApNis paziuopuel
‘3A11eIedUWOD ‘|BUOIIUSAISIU]

9S1249X3 10} S916318415 UOI
-e|nH31-4|35 Jo 3sn aya () pue
‘AoBDL-4|95 9SI124aX3 (7) ‘aN(en
Aoue1dadxa-awo2IN0

(1) :SUOIIBAIDSO |[B 4O PaIN
-Se3W 3J9M S3|gRIEA | DS 9a1Y]

ApNis A1
-eJedWOoD-UOU ‘[PUOIUSAIU|

AJUO 5103128

9]A15341| INOCR UOBULIOUI
US1LIM SA Wiesboud aAiudUl
2.13Ud 31 buowe uosuedwod)
Apnis paziuopuel
‘9A1eIedUIOD ‘|eUOIIUIAIIU]

(211sgaM 3|3l ‘s|iew) sabes
-SaW paseq-JaInduwod s (39
-j00q ‘s1on9)) paseg-iaded Jo
2sn ay1 buowe uosueduwod)
Apnis paziwopuel
'9A1}eIRdUIOD ‘[RUOIIUSAISIY

sobessaU [PUOIIRAIIOW
pazi[enpIAIPUI-UOU JO UOLeU
-lwassIp :welboid [euoneAnop

JOIARYD( 3SIDIOXD 01
PaYUI| S3|geLeA | DS SSISSEe O}
‘SY9OM 7 SSOID PRISAIISP SUOIS
-$35 UIUI-09 4N0J JO pasodwod
UOIIUDAIDIUI [PUOIIDNIISU|

sdnoub buppiom bunnp
S|el1ewW [euoIeINPa YIM
welboid aAeWIOUl PUB SUOIS
-$95 Bul[EsSUNOD ‘sa1ba1ei1s pue
s|eob jo dn bumas ay1 yum
welboid [esoineyaq
pazijenpIAlpul 11912

-wopad e JO asn 9yl yum
weJboid [euoneAnop

(uonewllojur ‘s|eob ‘saibayesns)
SUOISSaS BulEsUNod ybnoyy
welboid eiojaeyaq pue
DAIIBULIOJUI PIZI[BNPIAIPU|

UOISSaS Bul|asuNod ou
‘JU93U0D PaZI[eNpPIAIPUI-UOU
'sobessauUl [eUOIIRAIIOW JO
UOIRUILSSSIP 94} ybnoiyy
wielboid [euoneanoul
{(s21621e135) S|eLRleW
[EUOIIEINPS JO UOIBUILISS
-SIp yum wieiboid [eloineyag

G00T 1X21U0D 32e|d3I0M BY) Ul
JloiAeYaq UonLINU pue

Vd 40 uonowoid ay3 10}
UOIIUSAIIUI [IBW-3 Ue JO
A3e213 DY JONIUI0ld '

¥00¢
"9DUBIBYPY YNPY 01 PIXUIT
S9|geleA 1 DS pa129]as uo
UONUSAISIU| 2US-YIOAN
UoIssaS-1N04 e JO GmQE,
wia]-buoT 8y S wejjeH

#00¢ 's19
10M A1BIUSPSS Ul UOIIUSAISIUI
vd paseg-la1swopad e Jo

S1U9USq Y1[eaH ‘gD ueyd '€

€007 "Bbumas aoed

S{iom e Ul | DY e :yyeay pue
SS9UIY Y UO BUI|suNnod [enpia
-IPuI J0 12843 "[yf Jodold T

€00¢ e
paziwopues e sweiboid vd
SSgeM SA UL TV [[BYSIBIN 'L

|opow [ed13a109y |

uoljeINP UOIIUBAIRIU| Jaquinu syuedpdiaed

ubisap Apnis uonuaAiLlul 3Y) Jo Krewwng

ERTIEYEIEN]

208|d3I0M DU Ul (dYdSN) slueibold AUANDY [edIsAyd pasiaiadng-uoN L ajqeL



Page 8 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

K109y Buimas-|eon

A103y1 Buimas-jeon

10S

NLL

1OSSAWLL

LSS =N5D

G588 =Nl

(S49310M 2DJO ‘sade|ddIoM 91|)

SeIM | iy L=N
LSS =N5D

G88 =N DI

(S42340M 3010 ‘'sade|dIOM 9|)

SPIM | iy L=N
¢¢ =N od

-dns suoydaja1 01 pa1edo||y

c¢ =N dnoib

90pJ-01-908) 01 Pa1LI0||y/

Syuow ¢ (4e1s AUSIDAIUN) 06 = N
991 =N5D

9L =N

((DVdD) UOIUSAIIUI piepuURIS

G111 =N :dnoib yorew pabeis

(S1oxiom

syuow 7| 9040 ‘satuedwod €) /05 =N
€6 =N dnoib 135

GlLL=N:dnolb WLL

(4e3s Ausianun)

yiuow | 80C =N

vd Yum Bumas

[eOb JO UOIIEJI 9SOP 21 pUe
SUOIIUSAIDIUI Y JO SWIOD
-IN0 3Y1 JO SI01RISPOW
/S101BIPRU paulwiexa Apnis
SIY3 :Apn1s ay1 Jo AljeulbuO

(J9333]5M3U)

2uole welboid aAeWIOMI 9L
sA wiesboid sAUDUI

2113Ud 3yl buowe uosuedwod
Apnis paziwopuel
‘3A11eIedUWIOD ‘|BUOIIUSAISIU]

MB3IAISIUI 9DBJ-01-228) AQ

s auoyd Aqg pasanljep welboid
[eJOIARYSQ P JO UOSLedwoD)
Apnis paziuopuel
'9AIRIRdUIOD ‘[eUOIIUSAIIU|

yjoogpuey pue
9pIND Yd panadal dnoib
piepueis ay] “dnolb paydiew
-9be1s sy 1oy padojersp

219M S19P00q paiabiey A|je
-UO[I1BAIIOW SAI4 “Quawisn(pe
[enpiAlpul ou) wesboid
Suauab 3y sA (dnoub paydrew
-abe1s) A|lenpiaipul paisn(pe
wesboud ] | Y1 Buowe uos
-uedwo)) “Apnis pazjwopuel
'9A11eIRdUWIOD |PUOIIUSAISIY|

1S Uo paseq

wesboud asipiaxe djay-j|as ayl
(9) 40 L1 8y uo paseq
wesboud asipiaxe djay-j|as ayl
(e) 494113 O1UI PauUbIsSe Ajwop
-uel aJam syuedjoiied (quaw
-1sn(pe [enpiAipul ou) wiesboid
S13Uab 3y SA Ajlenplaipul
paisn(pe weibold ayy buowe
uosuedwo?) ‘Apnis paziwopuel
'SAIRJRdUIOD ‘|eUOIIUSAIIU

(600T M

UBWIYSIQ) 6,U J21 “Apnis paissN
sabuajjeyd yum

Bulp|ing wes} ‘spiemal
|eua1eW 4a19wopad yum
wesboud [euoneanow 'saib
-91e)1s pue sjeob jo dn bun
-19S Yyum weiboud esoineyaq
'S|eia1ew [PUOIIEONPS YUM
weiboid annewoU|

(21nyd0Iq)

S|elIa1ew [PUOIIEDNPS JO
uoneUIWSSSIP Y3 ybnoiyl
wesboud aaireuioyul {(dn bun
-13s ABa1e.1s pue [eob) sUoISSas
Buljasunod uo paseq ‘welboid
[pJOIABYQ PaZI[eNpPIAIPU|

dnoub piepuess sa (dnoib
WL1) uoieAnow Jo buiua
-y1buans ‘ABa1es ‘ssaualeme
'S|elia1ew [eUOI1eINPS JO UoheU
-IWsSIP ay1 ybnoayl wesboid
[PUOIPAIIOW PUE [BJOIARYS]]
‘9AIBWLIOJUI ‘PaZI[eNPIAIPU|

(uoneanow jo buius

-yibuans ‘Abaens ‘ssausaieme)
S[el91eW [PUONEINPS JO UOIeU
-1w3assIp ay1 ybnoiys weiboid
[PUOIPAIOW PUE [BJOIARYS]
‘aAnewoul ((dnoib sy uo
Buipuadap) pazijenpiapul

0107 Jel1 a2ejdyiom e bul

-INp d Ul s3seaidul pue Bumas
|e0b JO S218|2110D Paseq-A10ay}
‘Bunes [rOH Huowe suoly

-B[a1 350 "My urWYsIg 0l

600¢

"Vd 95e210U] 0 [eli| 92e|dYIOM
paziwopuey v :2A0idul| 01
SN0 Y UPWIYSI 60

8007 ‘S9akojdwia A3IsIan

-lun Buowe yijeay [eIusw pue
vd Buisealdu; up oddns
auoyda|a) sA 9e4-03-2284 JO
SS9URAIIDRYT T 4deuapdO 8

£00C "(SMvd)

Apns aoe|dyIop Yd 943 :9deld
-10M 941 Ul vd Bunowoid 1oy
Sjeua1ew yieay olgnd pie
-puels pue paydiewl-abess Jo
A5e2y)9 34| DY HoIUI0|d L

9007 "d2e[dyiom ay} 38 suol
-UaAIR1UI d d]2y-§95 ‘paydilew
-9be1s SA 9A1IUB0D-e1d0S JO
uolien|eAs ‘SO 9Xe|g-uylis ‘9

|opow [ednjai08y L

uoljeINp UOIUIAIA| Jaquinu syuedpiaed

ubisap Apnis

uonUaAISIUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) L ajqey



Page 9 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

Y€ =N5D
76 =N :dnoib buiyoeod
(s99ko|dwia Alisianlun)

K103} UONPUILLIDIDP-JDS  dNn MO||0} JeaK-3U0 + SYIuoW f L =N

L0C=N 5D

661 =N :dnoib aAnUDU|
(s1ax4om 2240 ‘sbuip|ing 7)
0¥ =N

K1oayy buiulea SYIUoW 9

(0£=N) DD e yum
‘sdnolb aAy 01Ul paziuiopuel
SyuswHedap AlsIaAluN 09

10S S{iuouw 6 oly =N

657 =N 5D
SOr =N -5l
76 =N

SOMBURI) [PD121034) ON syuow 7|

909 =N 9D

899 =N

‘D) 7T :SSHIOM UOIUIAIDIY|
(SQUSHIOM iy

‘suoleziueblo dgnd g)

09¢ L =N

GL=NVdjouwQl Xe €5
L1 =N Vd JOUW Qg ¢S

8L =N:5d215 000 0L :1D
:UoleZIWOpUe] J9}je
pasedwod ase sdnoib ¢
(s99kojdwia Ausianiun)

155 SHoOM § 0S=N

JolAeyaq pauueld jo A1oay] syauow ¢

DD B 5A (420D Y [UOS

-1ad e Aq papInb saakojdwa
Aleiuspas) weiboid anin
-uadul ay3 buowre uosuedwod
Apnis pazjwopuel
'9A1}eIedUIOD ‘[RUOIIUSAISIY|

splemai ulea Jo syujod

109|02 J0U pIp INg polad uon
-UAIRIUI SY99M-7 | Y1 JIAO
S|9A3)] d J0}UOUI-[3S O}

(p1e3 Tvd) pled A1jedo] vd e
pasn syuedpinied ‘D) ayi uj
*SPJRM3I INOYLIM SA YLIM Weib
-oid ay3 buowe uospeduw o)

9D 93 54 (sdnoib Juasayip

) welboid aAUSDUI Y1 JO
SUOIRUIQUIOD JUaJayIp Buowe
uospedwo) Apnis paziwopuel
'9A13eIRdUWIOD ‘|PUOIIUSAIRIY|

9D 9y sA wesboud aan

-U3asul ay3 buowe uos|edwod)
Apnis paziwopuel
‘9A11eIedUWIOD ‘|BUOIIUSAISIU]

9D 3y s weiboid Al

-uadul ay3 buowre uospedwod
Apnis pazjwopuel
‘aAneIedUIOD ‘|eUOIUIAIIU]

Vd JO UlW Q1 JO SUOISSaS

€ 15e3] 10 5/ Aep Jad ANANDR JO
UIW Q€ SA Jo19wopad + Aep
/54815 00001 40 [206 YuMm
sdnoib buowe uosueduod)
Apnis paziwopuel
'SAIRJRdUIOD ‘|eUOIIUSAIIU

sa1621e4)s pue

sjeob jo dn Buas yim ‘suols
-$95 BU||SUNOD UO paseq ‘weib
-01d |eiolARYSqG pazifenpIApU|

(21sgaMm) s|eriarew
[euoneonpa pue dn buias
[eob yum weibold jesoineysqg
{(SWIBYDS TVd) Spiemal [eldueuY
‘9oe|dyJom 2y Ul Ja1oulopad e
Buisn weiboid [puoneAnopy

diysiaquiaw gn| ssauly e 1oy
uoddns ‘yd bupnoeid 1o}
Wi pled Jo adURMO||Y

ye1ul s|qeIsban pue

1INy pUe \d pa1jodal-§9s uo
92IAPe palo|ie1-4a1ndwod
SAISUIXD :9buBYD JoIARYRq
Yijeay a10woid 01 19ula1Ul 9YL
Buisn weiboid aanedU|

510}
-el|10e} Ag wesboid ayy Jo uon
-eyuawaldull ‘sabua)jjeyd jo dn
BuSs pue sabessaw bul
-beinodus ybnosyy wesboid
[PUOIIRAIOWI ‘S|P1IS1RW [eUONED
-npa yum wieiboid snneuloju]

UoISSas Hul|dsunod ou
‘JusuiIsnfpe [enpiAipul ou ‘1913
-wopad e Jo asn ay1 ybnoaya
welboid [euoleainow sjeob
vd Ajlep jo dn Bumas ybnoiyy
welboud |esoineyag

€107 "soakojdwa

Aleiuapas ysiual4 buowe bul
-Ude0d yd aAioddns-pasu e Jo
SI01B|P3U PUB SSAUDAIIDIYD
WI9}-buo 'Sy 94230 UBA 9|

€10z Apnis [eruswadxe
-1senb e :abueyd Joireyaq 1oy
Spied A1jeA0| d 4y JoIuny G|

€102 "vd 9sealou; 01 weiboud
UO[IUAIDIUI 9}ISHIOM B JO [ell}
aAIadsoid paziwopuel

V[ uellelewzen) |

¢10C10d

J215N[2 B :UOILINU pue AlANDR
|ed1sAyd uo swweiboid
uonowolid yijeay a1sHIom
PRJAI[SP-19UI|

WiIS1-BUO] € JO SSaUSAIIDAYD
-1S0D M['S %0190y "€ 1

L 10T ‘[t p3jjon
-U0D poziwlopuel aisn|d e
:UOIIUDAIIUL d dde|dyiom e
Bunsa] DYy Ueye3 dN 7L

LLOT synpe aAndeul ul
aulapInb sda1s 000’0 | B pue
'SIN0g 10ys ‘A1ADe snonup

-U0D JO [l P3||0AUOD

P3ZIUIOPURI \/ ‘AL SIDNWIES | |

|opow [ednjai08y L uoieInp UoIUAAINU| Jaquinu syueddiyied

ubisap Apnis

uonUaAISIUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) L ajqey



Page 10 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

NLL

YOMBUIBL [ED112103Y3 ON

NLL

10S

NLL

SYPIM €|

SEELET

yiuow |

SYyuow 6

syjuow g

8l=5D

L1=9l

(3uswabeuepy Adusbiaw3 pue
921|104 4O JusWIedaq P WOy
soakojdwa paseg-4sap) 67 = N

5D ON

(SIoxiom 22UJ0) /3G =N

9

=N :UONIPUOD |0J1UOD SANDY
86 =N

“UoUBAISIUL paydIeW abeis
(uon

-ednodo |edisAyd e yim 95t
'$10102dUl 18X211 ‘SISALIP Ule.)
‘SISMIOM YDRI1 'SISNIOMUYIYS)
095 =N

611 =N DNPa+ awi+ WAD
621 =N W]+ WAD
sdnoib omy Uo paziuopuel
syuawiIedap ANSIaAIUN OF
88l =N

(SL=N"5D

L =NDI

(S193J0M UO1IDNIISUOD)
vIE=N

(dVIN) 2inssaid (el
-91Y UB3|\ :2W02IN0 Alewllid
UOIIUSAIIUI Y}[BaY-2 ‘] DY

uonendod

Apnis ay3 UIyuMm [9A3] vd 3Y3 JO
UOIIN|OAS 93 JO JUDUISSISSY
Apnis aAl}

-eJedWw0D-UoU ‘|UOIIUSAIDIY|

(S|ela1ew [euoledNPa
J1RUab) welbold aAeuLIOMI
s/ welboid pazijenpiAlipul
2J13Ud 31 Buowre uospedwod)
Apnis paziuopuel
‘aAneIedUIOD ‘|eUOIUIAIIU|

1ewlo}
[lEW-2 PUB ‘US1ILIM ‘IO Ul
paule|dxa alam ulw 0§ Y}
Buyey 1oy saulEpInG ‘pouad
ApNis ay1 1noybno.y sjerarewd
uonedNPa paAlddal sdnoib
0M1 343 JO dUQ Aepsiom Jad
9512493 10} ulw o€ pue diys
-19qUBW WAD e Y10q paAi@dal
[enpiApul A19A9 ‘sdnoib omy uj

9D B SA ((SDHJ) $9yoe0d
yijeay |euosiad Aq papiroid

$10e3U0D Bulydeod auoyd pue
90pJ-03-98)) Welboid ann
-UadUu] ay3 buowe uosuedwod
Apnis paziuwopuel
‘9A13eIRdUIOD ‘|PUOIIUIAIRIY

(SPamegl)
Ajjeaipouad yd 1sing 10ys 4o
1n0q Jaliq e ul abebus 0}
soakojdws bundwoid
‘wesboid a1emyos yieay-a
9A11DBIDIUI PUP [EUOIIEDINPT

S9HeSSaU [PUOIIRAIIOW ‘(LLIESY B
se) abua|jeyd e Jo usw
-9A3JYde pue Ja1swopad e Jo
95N :weiboid [eUOIIRALO

(uoneanow jo bujua

-yibuans ‘Abarens ‘sssualeme)
S|elIa1ew [BUOIIEONPS JO UOfRU
-1WIassIp ay3 ybnoiyy weiboud
[PUOIIRAIIOW PUE [BIOIARYS]
'9AIIRWIOJUL ‘PaZI[eNPIAIPU|

9e[dyIoM UO Y bupndeld 1oy
aWl3 pred JO 95UBMO||Y |0IIUOD
Ayjenb yum | DY [euoiuanIy|

(S|e1la1eW [PUONEINPS JO
uoleUIWISSIP) Welbold aAn
-eulloyu] ‘1a1owopad e Jo

95N yum weiboud jeuoneanow
{(s]e0b ‘sa1631e.31S) SUOISSIS
Buljpsunod ybnoiyy weiboid
[BIOIARYSQ pazifenplAIpU]

G107 2InSsald [elaMY
ueay uo bunis jeuoiednddQ
pabuojold adnpay 01 paubisag
UOIJUSAJIIU| Y}|PSH-3 Ue JO
12343 341 gD bpuqgsute “L¢
10z "9bud)|

-leyD a1es0dio) [eCO|D SY3 JO
UOI1eN|eAd U WOl SBulpuld
{DAIIDBUI DI OYM 3SOY3 Ydeal
weiboid g ausyiom aielod
-10D B $30(] Y USAIUDBN "0

5107 'S19947 [e2160joYdAsd pue
|eJolARYDg S}| Bunsa| :ade|d
S}IOM 33 18 siolAeyag YieaH
9|diIn|y 910WO0Id 03 UOIED
-l|ddy 9115417 pazuLindwiod v
Sayddin 6l

G10Z "9SI2JaX] 0}
SIOM 18 D] BUISA Uo JUSW
-UOIIAUT YIOM DY JO 10243
INF3leg ‘8L

r10¢

'SI9}JOM UO11ONIISUOD Buowe
suaned Ale1aIip pue s|aA3| Yd
anoidwi 01 Bujwie weiboid
Y3{eay pa1adey3nul e Jo uol
-BN|PAS $59201d T J91SIIA /L

|opow [ednjai08y L

uoljeINp UOIUIAIA|

Jaquinu sjuedpdined

ubisap Apnis

uonUaAISIUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) L ajqey



Page 11 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

SIOMIWEJY [PI112109Y1 ON

108

YOM3UIBLY [ED112109Y} ON

JolAeyaq pauueld jo A1oay]

K10ay] uonenbay-4as

sleak 7

SEEET

dn
-MOJ|0§ SYIUOWI 9 + SYIUOW 9

dn
MOJ||0} SYIUOW 6+ Syruow €

SYOOM (|

LZL=5D

LZL=9I

(sjendsoy

US1 WIOIJ SIDNIOM 21BD Y[edH)
e=N

0€=(0dH)DD
0€= (dH/dH) DI
(Auedw o) aeald abieT)

09=N

907 D
/61 S9AIUSDUI yseD)

661 A1eYD

€07 U914

(S49340M 2140 ‘saluedwlod G |)
008=N

(L1I9=N)

AusIaAlun ‘uon

-ezjuebio JuswuIaA0b ‘Aued
-WOD SNQ ‘|endsoy :$21IsyIom
19410 ¥ Ul s9akojdwia = 5
(evl =N) IPUNOD

|e207 9Y3 Ul saa/kojduwa = o)
09¢L =N

6¢=5D

6¢= 9l

(wueid

Bujssadoid 1esw able|) 85 = N

welboid asipiexa
pabeuew-j|as paseg-awoy e
(111) pue ‘92e[dIoM 3y Ul SUOIS
-53s Bujulel) 3S1219%3 UIW-06
Aptoam aay (1) ‘uoinuanald (Ured
¥2BQ MOT) dg7 INOGER UOISSaS
uonedNpa Y-z e (1) :sdais a1yl
pasudwod UOUBAISIUL 3Y |

(LT =UdH/dH)

dnoub uonowoud yyeay,uon
-33104d Y3jeay paresbaiul ue
(¢) 40 (7 =U"OdH) dnoib
Aluo—uonsa3oid Yieay e (1) :01
paziwopuel 219Mm

sqof ysop Aleluapas ul buisiom
S)yNpe 95990,/1YbIamIanQ

(ysed) seAnuadUl

ysed sn|d Jaxesl pue ‘(K1ieyd)
S9AIIUDUI 3|gelLeYd snid
19¥2e11 (1q1I4) SUSgam pue
J19¥2e11 A1IAINDR ‘(S9AIIUDUL JO
13932e11 0U) [0J3U0D :sdnoib
Apnis Unoj Jo auo 03 paubisse
2Jam syuedpiied ‘1Y

d JO Buniojuow-jjas

MO||e 01 S1aubew abpuy pue
SJanL|smau ‘poddns Juawl
-abeurW JO SI9N3)| ‘SISPUIWISI
‘sobuajjeys weay ‘zinb abpa
-|mouy e ‘si23s0d ‘s13|jea| Sl
-DBJIUI SDIM UDUNE| B :2I9M
AR 10§ (QUSWIUOIIAUT pUB
UOIPAIIOI ‘SSaUIEMY) JAY,
pP3]|ed UOIIUAIDIUI DY} JO
S1usuOdwod A3y sulu oy |

awn
2INns|a] Jo/pue yiom buunp
soam/sAep G 1sea| 1e 1oy ANADe
AYSUSIUI 91RISPOW JO U OE
15e3) 1B 91B|NUINJDR O} ¥{|eM 01
palinbal a1am syuedidiied

104 papulg-316uls

SISBIOM 3led3jeay buoule
S9posIda (Uled 3oeg MoT)

dg7 40 2duanndai budnpal Ul
‘SUWOY 1 PaNUIIUOD pue
2oe|d3JoMm DY} Ul pareniul
‘weibold aspiaxa 1yby| e jo
10949 9y1 bunebinsaaul | DY

ssaiboid buiiepad Ajiep
suedipipied yoei 01 yonoy
pOd-1 ue ‘auiyoew [esndi||2
pa1e3s 3|geniod e buisn ‘g Bul
-Jowoid welibolid djwouobi3

(S|eob ‘sa16a111S ‘'SSRUIIBME)
S|elIa1ew [BUOIIEONPS JO UOfRU
-IW3assIp ay1 ybnoiyy weiboid
[eJOIARYSQ pUB SAlIPWIOU| PaZI
-lenpiaiput {(dnoib ay3 uo bul
-puadap) spiemal [edurUY pue
J219Wwopad e Jo asn 3yl yim
weJsboid [euoneAnop

(KNAIDY JOJ JNY) UOIUSAISIU
AuAnoe [eaisAyd susyiom e Jo
[BLI P3]|0AUOD PaZIWOPUR)
1915N(> Jred-paydrew sbue| e jo
1ed se siskjeue Ajapi4

AYAIIDE JI3Y} JOHUOWI-|3S O}
Jepuajed dais e ‘jellaiew [euoln
-edNpa pue Jsyswopad e pazi|

-11n syuedipiied UoRUSAIDIU|

9107 "1 DY e :20ualindal
uled 2eqg-mo| bunusaaid Joy
uonuaAIRIUI [edIsAyd pue jeuon
-B2NP3 UB JO SSIUBAIIDRYD W)
-buoT '3 1akejep-1eI9RYD) 97

9loc

SIDYIOM A1BIUSPSS JO

AUAIIDY S95BIDU| UOIUSAIRIU|
Y3eaH JoXIOM [BIOL (1] HED 'S¢

910¢

LDy e :(VddIdL) Vd 9sesioul 03
SOAIIUSDUI INOYLM PUB YHM
s13yDei ALAIDE JO ssau
-8ANDRYT VI UIRISIBU BT

S10¢

N ‘UonepuNnod vdng ayi Aq
papUNJ UOHUSAIUI ALIAIIDE
[ed1sAyd ausyIom YN e Jo
SSAUDAIIDIYD pUe AYjPpY
UONUSAISIU| 'Y UOIMET €7

SLOT 1Y & ulyum Apnis
AJIqIseay e :s1ayiom buissadoud
1e3W Ul 31| Jo Aljenb paiejau
-y3jeay uo awwelboid buryjjem
UaAlp-I212wWopad paseq-ade(d
S1IOM JIUOWI-E B JO 109449 3}
pupebinsaaul S IsUe ‘7z

|opow [ednjai08y L

uoljeINp UOIUIAIA|

Jaquinu sjuedpdined

ubisap Apnis

uonUaAISIUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) L ajqey



Page 12 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

K1oayy burulea

10S

10S

SIOMIWEJ) [PI112109Y1 ON

155

LLL=N-D23MoN

(661 =N] wol

G6 =N (dWaYds-1vd) O

(s42310M 3210 'sBulp|ing )

SfPOM (| 9LL=N

(soakojdws eudsoy Aleruspas)
SHI9M 9¢ 00€ =N

(0€ =N) weiboyd

Aujapl4 Mo 01 pa1edo||y

(¢e =N) weiboyg

Aepi ybiH 01 paedolly

(soa/kojdwia AusIaniun)

R EEII! 9=N

s9ak0|dwa 0SZ UBY3 SS3| YIMm
101235 ||e Ul sajuedwod 7|
Jeak | 9%6€E =N

87=5D

19=179I

9.= 19|

(sIa%1om 2210)

syow 9 S8L=N

palpn1s aJe sisraweled seiq
-Juasald, pue 21e1 3UN0OdsI,
DD SA 3WIYIS Tyd Apnis
paziuopuel ‘aAieiedwod)
saullPpInb

d DAD Pue 520 YdAN
Apoam bupaaw syuedidiied jo
96 9Y1 SeM 2UW0DINO Alewlid
‘(499m 13d YdAIN JO Ul 0§ 1)
saulBPING Vd (D) UORUIA
-3ld pue |0J1U0D) 358351 10}
SI191UD) 9yl Bunssw 1oy o
y9am snolaaid a1 Wolj %01 Aq
VAW J1Iay3 Buiseanur ioy
papiemal 2Jam sjuedidinied

sda3s J0jIUOW O} pue |00}
[eUOIIBAOW B SP J919Wlopad e
95N jjem dnoub e 1oy 1w
‘(weiboid A1jopl4 |eda109y3
MOT) D AoedLa-j9s bunsbiey
saibaens [eloireyaq aAiIubod
SsNosip 01 bunaaw e Aq
PaMO||04 3fjem dnoib Apjeam
‘1Ia1owopad e asn (weiboid
Aapi YBIH) o110y

syued

-D1ed Y3 JO [9A3)] d QY1 JO
UONN|OAS 81 JO 1UBLLISSISSY
ApNis A1

-eJedUWOD-UOU ‘|BUOIUSAISIU|

wie 1dwold-1oindwod = 7o)
Ye9lq ull-§ |

2UO BuuNp UIW G| 0} €| Paise
SUOISSS D1ISHIOM Ajled "Uon
-B)IPaW $-09 e AQ Pamol|oy
'SJUSUISAOW DIqOISe pue ‘Bul
-Usyibuans ‘Buiydains wie
ealg 191500g = | D] ‘SASHIOM
16 | DY 115N ‘paulle-¢

[9A9] ¥d 941

2dUaN|UI AW 152491U1, W1}
1U9531d, SY1 JSLIBYM SUIU
-1919p 01 Sem 2A1123[qO dy1dads
(€L0C N

J91UNH S U §Y) "Apnis paisaN

Ajpua

-15ISUOD 240W SaulRPING DAD
BueaW YUM PI1BIDOSSE SIO)
-JB} PUB 9DUJ3YPe Jeam-1Ig1l4
papN|DUl SSWODINO A1BPUOIS
wlle |013u0d ON “weiboid
(I19M-G) SSOU[IM SUSWOA pue
‘g :A10941 ] DS UO paseq
wielboid sAIuLdUI [eIDURUI

sdnoib bupjjem sy uyum dn
Bumias Abarens pue

[eob yum weibold |esoineysq
‘sdnoib Buijjem Jo uonew
-10} 9Y1 Yyum 191owopad e Jo
asn :weiboid [euoneAnop

(s99kojdwa Aued
-wiod) sdnoib buppiom Ag dn
195 ubredwed uonewlIoju|

Jaydeu

-boapia pue 101edNpa Yieay
‘IaubIsap |euoidNIsul ‘Bululel
SIDUIIDS [RIOIARYS] YHM
151|e1Pads g ‘1sibojorsAyd
3SIDIDXD U 1M Pajusul
-9|dwi sem yealg 1915009 Y|
‘welboid yeaig 1915009 e JO
10949 ay1 bunebnssaul | DY

8107 'suonuaAIIUl 9bueYyd
Jloineyaq bulubisap 1oy suon
-edljdwl :yd pue seig-1uasald
‘9dualzyaid awi buowe
UOIRIDOSSY JY 12IUNH *| €

£10¢ Apnis

AN|IqIseay e :sauljapIinb AyAoe
[e215Ayd 01 aduaIBype S10W
-0u4d 031 spiemal |eidueuy buisn
UOIIUSAIIUL dDB|dNIOM B JO
uopeuswaldul] 3 eulsoq 0s

£10C ‘A5e2443-413S pue

sda15 uo A1oay] aAIubOD)
-[e1>0S BUISN UOUSAIRIY|
1319Wopad Aljopl4 [eonai0ay
MOT SAYBIH ‘L 4epaey ‘67
/10 "sade|dyiom
9ZIS-WNIPaW puUe |[ews Ul
UOUSAIIU [SAS|1}NW Ja1Je
l1o1ARYaq A1RIUDPSS pue

Vd Ul sabueyd—ssauisng o)
BUIAO "W\ Olesenly '8z

910¢

“1DY-1215N]D V SIDNIOM Paseg
-js9g buowly Joineyag Alejus
-pas pue yd uo sydwold Jaind
-WOD) pue syealg 4915004 JO
1oedw| DM JojKe] /T

|opow [ednjai08y L

uoljeINp UOIUIAIA| Jaquinu syuedpiaed

ubisap Apnis

uonUaAISIUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) L ajqey



Page 13 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

K103}
WINNUIIUOD UOIIRUIWLISISP-J[9S

K1033 BUIMBIAISIU| [PUOIIBANOIN

Kloayy
WNNUIIUOD UOIIBUIWISISP-)[3S

Kloayy bujulea

SEEN!

syuow /

oM 9

syluow 7|

CL=N"5D
€L=N"5I
(s1ax10Mm 2DJ0)
IrL=N

19€ =N ‘9D

£9€ =N Ol

(uoney

-ljigeysal syom Buiobispun pue
uolesuduod siaxIom bul
-AI9D31 SIDIOM pain(ur)

8¢/ =N

SC=N

‘UOUSAI1Ul Wes| O Pa1ed0||Y

GC=N:uon

-USAJS1UI PUSLIH O Pa1edO|Y
GZ =N :UOIUSA

-191U] [BNPIAIPU| 0} PR1RIO| Y
(s9s4nu :buUISS 21ed)

9L=N

96€ =N 9D

LSV =N 9|

(s1ax1om o140

'SI91SNP /T 'sade|dyiom 6)
€38=N

(1LA)

dnoib yaidep + 1914 4o (g4)
dnoib Ajuo-1qa4 e 1ayus 01
paziuwopuel aJam syuedpdinied
“UolIURAIRIUI 2} INOYHBNOIYL
Ajiep Jeam 01 di7 1qi4 e
paAladal Juedpinied yoe3
‘A1A10e [edisAyd bupow

-oud Jo asodind ay3 Joj asn
1qa14 saylwed 1eyy wiiope|d
y1jeay a|iqow e s yai dey

(0L/8%=

xapu| AN|Igesiq uled ueaw pue
01/0'6= SyA uted ueaw)
AM|igesip pue ured Jo s|and)
S1BISPOW YUM ‘(97 €9) Sa|ew
(%, /) pakojdwa Apueuiuiop
-a1d a1am syuewie|) ‘dnoib
UOUSAIIUI UB PAWLIOY pUB
weiboid uonelolsal [euonduny
pJepuels ayi 01 UonIppe Ul
(IW) Buimalaiaiu| [euolien
o papiroid suepiuld XIS

sanbeaj|0d jo weaj e se

SA spualy Jo dnoib e se sa
[eNpPIAIPUI U Se uoia|duwod
weiboud ay3 jo uosuedwod
Apnis pazjwopuel
'9A11eIRdUIOD ‘[PUOIIUSAISIY|

SPJEM3I INOYIM SA YIIM Weib
-oid ay) buowe uospeduwod)
Apnis paziuwopuel
‘9A13eIRdUIOD ‘|PUOIIUIAIRIY

SI9YIOM 30O AJe1uspas Jo
o|dwes e ul SYam (| J9A0
sda1s AsuSIUI-91RISPOW pUP
sdais Ajlep buiseanur 10y yai|
-deyy Jo Aoedye 91 1591 01 Sem
Apnis siy3 jo asodind ay |

K112 UoIIE|IGRYa) [PUOEd
-N220 ue Bulpusne sjuewied
YUM 1 DY 41sn(D

VdAN JO $%20]|q UIW-01 JO
Jaquunu Apjoam ayi pue
sdais Js1swopad Ajiep
95e3I0U] 03 5|POb 195-)|35 01
SY99M 7 AI9AS pUR SUI[9SE] 18
paxse alom syuedidiiied
sabuajjeyd jo dn bumas pue
1319Wopad e JO 3sn ay3 Yum
weJboid [euoneAnop

awayds A1eAol Tvd dy3 Jo
SSOUDAIIDDYD-1S0D dUIW

-1919p 01 Sem 2A1123[qo dydads
(€10T 44

J21UNH ‘G| ,U JaY) Apnis pa1saN

8107 "SI9IOM 2240 Ale1us
P3G 4O S|9AST ANAIDY [eDISAYd
$9SBAIDU| 35 J919UI0IS[9DDY
Buikyiwes 7y pnewsais ‘¢

810¢

[BlI] [043UOD) PaZIWOpURY
121SN|D B JO SYNSY 1SI9P.I0SIC
[e3o[s0|N2sNy Buligesig Yum
SISNIOM JOf BUIMBIAIRIU
[EUOHBANOW ' 3j4ed FE

810¢ [ellL

paziwopuey V :buias Jejndsea
-0IpJeD) B Ul BUIMIOA S9SINN JO
Y1|eSH JB|NDSeAOIPIRD) pUR

Vd UO %5egpas4 paseg-gsp JO
1edw| BYL M pasy €€

810¢ 1Dy Jo3sn|d e oy
S}Nsai :dueUSIUeW SbuBYD
INOIARY3Q Yd 10} Wayds Ayje
-AOJ B JO SSBUDAINDY-1SOD pue
SSAUAINDAYT 4y JaIUNH ‘€

|opow [ednjai08y L

uoljeINp UOIUIAIA|

Jaquinu sjuedpdined

ubisap Apnis

uonUaAISIUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) L ajqey



Page 14 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

AKloayy
WINNUIUOD UOHRUIWIRIDP-[9S

K1oayy buiulea

K103y}
WINNURUOD UONEUIUWLLRISP-J|S

Kloayy
WNNUIIUOD UOIIRUIWLIISP-)[9S

Kloayy bujulea

SPIM 9|

syuow 9

Sfeam 9

SY2IM 7|

syjuow g

Ly =N-5D

0§ =N DI

(s1ostiom

9DLJO ‘SAUSHIOM Q) /6= N

96€= 95D

LSV =9I

€98 =N

(s9akodwia

paseqg-92jo 101235 dljgnd)

(s9sinu :buISS 24eD)
9. =N

L7 =N"5D

Ly =Nl

(s19x4om

1ue|d ‘sadedyiom OmM1) 78 = N

9 ON
(SIDHIOM 2DL40 ‘SI1R1SNP 1)

LSy =N

3}A1S UOIEDIUNWILWOD
aAlJoddns AjjeuoiieApow e ul
paulel} Japea) Jaad e pey pue
sanbjuydal abueyd Joireyaq
Huneliodiodur dde suoyd
3|Igow e 01 $s322e pey o) ‘bul
Sj|em JO SIyausq Yijeay uo uol}
-ewsiojul pue diz 1G4 e yum
papiroid a1om syuedidiied

|8 :ulesboud aAnuddU|

saulPpING ULl

-IND Y1IM 3UI| Ul S| YDIYM Yd JO
39aM/UIW 0G| S¥e1ISpUN O}
S9AUSDUI [ePPURUY AQ pabe
-INODUS a4om siued|diied

Vd Yam Bbuimiss

|eob Jo uoIIe[al 350p Y1 pue
Vd JO S9W021N0 3y} JO (Uon
-U3jul pue Adedyja-§13s uaul
-1UWIWOD Se YaNs) SI0JeIapoul
/slo1elpaul pauluwiexa Apnis
pU023s sIYy :AueulbLO

duo|e Jaawopad e Jo

95N SA (SI9¥40M 10} BulbessaW
1x3] |euolleAROW pue Buy|as
-uno>d Jalg ‘bumas [eob g4
Buisn UoRUSAISIUL SSAU|[PM
3|igowl) weiboid aanuadU|
‘APN1S 1 DY [eUOUSAIIUY|

UOIIUSAISIUI B3 Ul
syuedidied ayi JO [9A9] JUBW
-1IWWOD 94} JO JUBWISSISSY
Apnis oAl

-eJedWO-UOU ‘|PUOIUSAIU|

sabrSSaW [RUONRAIIOW pUR
J1319Wopad e JO 35N AY3 Yum
SUOISSS BUl|aSUNOD pue (3em
AJISUSIUI S1RISPOU Ul O B O}
1U3|eAINDS "] sda1s 000¢E) dn
Bumes [eob yum wesboid
[BIOIARYSq pazlenplAIpU]

(Bumas

-|eob ‘BULIONUOW-J|3S o)

$]001 9bueyd InoiAeySq paseq
-90U3pIAS pue bulioluow
Paseqg-gam Yum wiaisAs bul
-{DeJ1 10Ul Yd [9A0U e pajelb
-91ul weuboid awayds Tvd YL

(8Loc r
pa3Y) £€,U Ja1 ‘Apnis paisaN

s9DeSSaW [BUOIIBAINOW pUP
J1919Wopad P JO 35N 3Y1 YlIm
SUOISSaS Bullesunod pue dn
Bunas [eob yum weiboid
[BIOIARYSq pazijenplAIpUl
abesn uou

21SgaMm Jo sio1d1paid (g) ‘sioy
-elpawl p13buel () 'vd pa1dIp
-21d s;usuodwod UoNUSAIRIUI
oyd

-3ds Ul Juswiabebua Jayiaym
(1) :2UIWISISP O} 2IoM
S9A1123[go dydads

€10C 4

191UNH ‘G| ,U JoY “ApN1s paisaN

020z “(jema

14V1S Y1) (el paziwopue)
1215nP J0id v uon
-UdAJIIUI Bupyjem ade|dyiom
payst|laquia Ajjeuon
-eAllOW pa-193d e JO 51092
Kreujwijaid pue Ajigisead
D IUBWNOIN-U3sIabay] "0

020Z 'sis
-A|eue uol1eIpaW {UOIUSAIDIUI
Paseg-aA11USDUl Ue Ul 9bueyd
J0IARYQ Y JO susiueydalp
NF Aeuniy 6€

0¢0C '[eld] paziopuey e wol4
S3NS3Y :UOIUDAISIU| SUSHIOM

paseg-gapn B buling s|oAd

Vd S9SINN Ul obuey) s1oipaid

UOIIBAIIOW [ 32Unlg '8¢

6102 'SI9NI0M 10} BuINLS

[209) pue 35 UGS LM Lon
-USAJIBIU| SS3U||3AN S]IGOWN B JO
s3I YL HS 897 L€

610¢ ‘el pajjon

-UoD) pazIWopuey J131sn|d e Jo
SISAjeuy SSa201d 'SIAIUIU|
[eIDUBUI{ YUAA UOUSAIDIU|
Vd paseg-1aulaiu] ue jo
syusuodwiod dy1ads Yun
JuaWabebug Wolj SEWodINO
Bunoipaid ‘Wr Aeuniy -o¢

|opow [ednjai08y L

uoljeINp UOIUIAIA|

Jaquinu sjuedpdined

ubisap Apnis

uonUaAISIUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) L ajqey



Page 15 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

[99ym abueyd Joineyag

SoMmaUIR [BD132103Y) ON

NIOMaWdel] [ed11210ayl ON

YlOoMaWel] |ed11210ayl ON

syuow 0|

sAep €5

dn
MOJ|0f JIUOWI-Z | + SH39M 7|

SYEEINYe

6C=95D
0e="9I
(s121u8D ||eD)
65=N

TT=N"5D
LS =Nl
(lendsoy)

€L=N

€L6=9D

£9€=9I

(s1obeueW

UM %6 | ‘S|pUUOsIad D10
'suonezIuebIO ] ‘ASISAIUN
3UO pue sassauisng pajelado
-JUBWIUIRA0D 101335 1eAld
/2119nd ‘iomiau Aixsnpur)
€SL=N

€L=95D

9L="9I
(S49310M-2D1J0)
6C=N

BuIS SUIPIOM UO SSIUIAIL
D39 pue ‘Ayjiqeidande ‘Aujiq
-15e3J |Bli) ‘S109)J9 9SISAPR ‘Sa1el
uona|dwod pue uonple ‘uol
-U33al ‘qUsawiInIal ‘Osuodsal
PassasSe SPoYIBW-PaxIA ‘(D))
syusbe + NNYIS 104 PapIA
-0Jd Sem 3Sap [enpIAIpUl O)
uoneisyiom a|geisnfpe

-1yb1ay e ‘uoies|uopuel Yy

[P1] D113USDOUOW P3||0JIUOD
paziwopuel ‘Apnis QNSID
SHIIM | 10}

393M DBD UOISSSS UOIRULIOJUI
uopowoid yieay paiell|idey
INOY auo e pandal dnoib
(9D) dH3 3y 3Iym ‘syzam

71 10§ (pasiaiadnsun omy
'PasIAIaANS SUO) 3Sam oed
sAep 9a1y1 ‘ulwl Oz 104 bulutes
yibuaiis paniadal

(o)) dnoib 133 ay] "yoeoidde
aAIeIIUEND pUR SA1RNIEND

Aujigerdanoe pue

95USJ3YPE. 249M S3WO0INO
AK1epUODRS “(Xew ZOA) AU
-oeded 21qoJae [ewiIXew Ul
9bueyd a1 Sem awodINo Alew
-ud 3y (4eam ¢ jeuy ayi ul
'SOC pUe E-C HPIMULS G|

I yoam ul s 0 ) saupds,ino
-||e,421iq (SUOISSIS IDY3O [[B)
OM] IO (UOISSS 1SIL) U0 pue
(M 09) Bul2AD A1ISULIUI-MO| JO
PR1SISUOD SUOISSS 3SIDIaX
Uiw-0| 3y aam Jad suoissas
351219%3 224y pA13|dWod D)

sjuabe ||ed

2J1U32 1DPIUOD Ul ‘SUOIIRISHIOM
s|geisnipe-ybray (WWY1S) Ino
“JIM puUe (+ AINYIS) Yum
'910W SAOUI PUB $53] 1S 0} UOI}
-UaAJ1U| JUsUOdWod-NNIA

s19y21 Lodsueny

olignd y-7z ‘doys 32421q 10y
SI9YDNOA 0INS -0G :SAAIFUIUI
[BIDUBUY JO SN AU YIM
weJboid [euoneAnop

L, UONUSA
123Ul uonowoud yyeay snid
JIWouobI3, Ue 031, U0RUSAISIUI
351219%a sn|jd djuwouobis, ue
Buredwod |ely pasiuopuel
3JOM3WIRL) (SDUBURIUIRW
‘uoeruswajdul ‘uondope
'SS9URAIIDRYD ‘Ydeal) N|Y-3Y

Bues aoe(dsiom e ul
pasiaiadnsun pajjdde uaym
(LIH3Y) uonuUaAIIU| 3SID19X]
ANsua1ul-ybiH ‘uoneinp
1J0US B JO SSOUAIIDDYS pue
Aljigeidanoe ‘“Ayjigisesy ayy
21e61159AUI 01 ‘aAlelenb pue
aAIRIIUEND ‘SPOYIDW PIAXIA

Lzoz 1ogopd e

:sjuabe ||ed 213U 100D Ul
suoneisyiom a|gesnfpe-ybiay
INOYIIM PUB YIIM UOIIUSAISIU
1UBUOdWOD-NNW Y—23I0\
SO PUB SS9 S 'Y SLUOW Tt
020z ‘bul

-INWWOD dA1D UO ApNis Jeak
-3U0 € J0j 5123(QNS // 1NID3I 0}
SOMeY I 1eYM ‘JIN 2431eg op
21UdNd 7 ZopuURUIS ‘Ef

0¢0C

‘yoeosdde ||y-3Y e :sixI0m
92140 Ul uted 323U adnpas pue
AlAIdNpPoId 9seainul 01 |ell
pasiuopuel

1915N]2 3s[249X pue uopowold
yijeay paseqg-ade|dyiom e jo
UOIIBN|BAD SS9201d Y USI9M ‘T

0¢0C 's99

-fojdwia paseqg-aoyjo ul Apnis
A)1[1q1Se3) SPOYIRUI-PaXxIU
pasiuopuel e :aoe|dyiom ayi Ul
yieay buiroidull 1oy bul

-UleJ] 3SIDJ9X3 [eAIDIUI

1ulds papinb-1a1ndwod pue
1UBIYe-aWIL "SY JY[eRN "Lt

|opow [ednjai08y L

uoljeINp UOIUIAIA|

Jaquinu sjuedpdined

ubisap Apnis

uonUaAISIUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) L ajqey



Page 16 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

2dUB1343Y 4oy ‘bueyd Joiaeyaq

y1jeay Jo [apow [edniaioayisuel] A ‘A10ay3 aAniubod [e1nos 1 )s ‘Aiianoe [edisAyd vd ‘Alanoe [edisAyd snoobia 01 91esapoy YdAW ‘dnolb 013uo) H) ‘dnoib uoruaAIalu| D) ‘|els) Paj|0Jau0d PazZiWopuey DY :SUOIIDAIQQY

K103} UOfeUIUIIDP-)|SS

JKioayy
1S1UOI1DRIBIUI-01D0S, UO Paseq
‘weiboid uoneonps Yieay-a

Syoam

SyIUoW 9

6,1 =N5D

961 =N :UOIUdAIUI
papua|q 01 pa1edo|e i7D)
861 =N :UoIUdAIUI
paseq-gam 0} pa1edo|je | D)
761 =N DI

(UoRUaAIRIUI

-150d SYsem v = 71 18 £££/16)
0S¢ :uonisod diysiapes| e
BuineH “(@a16apsiopyoeq
‘1915eW ‘963|0 [PDIUYIAY
'91R10}D0P ‘SIayDIeaS31)
€LE=N

8¥1l=5D

8/1=09l

((SISEWN[V]

11gnd e wouy s1asn Jaandwiod
‘SIDHIOM DO ‘SIISNP 81)
9CE=N

BBRN]

-Jlem e yym pasedwlod (SpS)
SUBISIP MIOM 3|GIX3|} UM
SIDIOM JO BUIag-||]om pue
'9dUe|eq 3yI|-4IoM A19A0d34 Y3
puiroldwl uf UOUSA

-121U] U JO SS9UAIIDIYD Y3
pa31en|eAd os|e Apnis iy

9D Isiplem e pue

SO  YiMm [el} p9||oljuod
paz|wopuel paulle-¢

(IO wINQ pue YIom Jo
Bujueaw) yieay [eausw (¢
‘(11§ pUE 5|10 ‘BUljaCR| POO) PUE
pooy passad0id-eiin ‘Ajjesusw
-W0d pue bunes) 191p Ayijeay
( '(seseasip [e1s|2ysojnosnw
p31e[81 3I0M ‘UoIIeXe|al B|2SNW
‘looyds yoeq ‘weiboid bul
Sjjem) yijeay [eia|eysojndsnw
(1 :syuedpnded e a2y 01
passalppe pue pawloyiad
2I9M SUOISSIS [BNSIAOIPNE

SUIN "9|POO SEM JUSUI

-NJISUl UONREDIUNWILIOD Y|

SUOIIURAIU
paseq-gam yim paleduwiod
9oualaype pue poddns [epos
95B3J0Ul PINOYS SIUSWS|S 908y
-01-908§ pue BululelI-J|3s paseq
-gam BUIUIGUIOD ‘UOIUSAJRIUI
papua|q e 1eyl pazisaylodAy
Apnis siy ‘Au|iqixa} |ereds pue
|esodwal Yyim sioxiom apiaoid
"}IOM 3|IGOW PUE H4I0M3|)
‘SWIX3} Se Y2NSs ‘(SaM4)
SUBISSP 30M 3|qIX3]4

©)) s¥s1d

-e1aypoisAyd pue 1s16ojoyaAsd
'S1SIUOIIIINU SI0INY YHM
welboid a1ed yijeaya|el e pue
(D) weiboud yijeaysiar
[BUOIIUSAUOD B :SABM OM] U]
3|ge|leAe apeul sem Jeyy aoe|d
Spiom 2y ul wesboid yieays
-|91 B JO SSaUDAINDAYD 3Y)
91eN[eAd 01 S| 9AND3[qO Ay |
wielboid [euoeAloN

€¢0C '[elL pajjoluo) pazio
-puey :subisaq YoM 2|qIX3|4 Jo
sabus|eyd yup buidod 1oy bul
-Ulei| papuRlg pue Paseg-gap
Buedwod 35 JSWWeyly o

L0 "[el pajjoh

-U0D PazZILIOPUR) 1SN Y
SI9¥40M 3040 JO 31| Jo AU
-lenb ay3 910woid 03 swile 1ey)
welboid yieaysal e 01
21NqUIU0d 1oddns s 403Ny
$90( "Gy [SI2BIN ©ISOL "Gty

|opow [ednna109y L

uoljeinp uonusAIalu|

Jaquinu syuedpiaed

ubisap Apnis

uonUaAISIUL 3Y) Jo Klewwng

ERIVEIET ]

(PanunUOd) | 3jqey



Page 17 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

WLL
155

dn-Moj||0f YIUOWI-E + $HIIM € |

SHIIM 7

Syiuow 9

SYIUOW G| pue g ‘¢ 1e dn-moj|o4
+ syluow g

dn MOJ|0} YIUOWI-E + SHIIM 7 |

68 =N DD

88 =N O|

(sajuedwod

€ 'SI}JOM Je||02-aN|q pue 30)0)
LLL=N

LE=N-9D

9€ =N Dl

(1S 2U0 ‘saako|dws oulsed)
€L=N

Y9 =N 9D

G9 =Nl

(K4ap|2 343 Joy duioy buisinu)
6CL=N

€EL=NDD

LZL =N

(Auedwod

Alpune e Jo syun uononpoid
| | ‘sI9y10m uswom Aipuney)
09¢=N

LE=NOD

6¢=N D5l

(SIDMIOM 2DLJO ‘sa2e|d¥I0M OMY)
09=N

SUOISSS [BUOI}
-Ippe Aieaun|op “uoneniis bujurely
dnoub |jews e ur pa1oNpUOd pue
oe0D ssauly e Aq papIinb

3oam Jad U0ISSaS BUQ "SUOISSS 97
DD 9Y3 A wielb

-oud vd 2y1 buowe uosuedwod
Apnis paziwopuel

‘9A11eJedWOD ‘|eUOIUSAIRIU|

(sleuiwas dnoib eia

PRJISAII9P) UOIIEINP? Yijeay/Aiey
-3Ip pue ‘(§oam/shep £~ ‘uiui Og)
Bulures 3ybiam pue (yoam/skep
€ uoneInp uiw gg) d1goJae bul
-pN|pUl $351219X3 PasIAISANS D)
Apnis paziuopuel

‘9A11eJedWOD ‘|eUOIUSAIRIU|

AMAIIDE AIRUIPIO SA SI5SB|D pUE
$101DNAISUI padUSLIadXe AQ pasIiA
-Jadns weiboid ssauly Jo uon
-eUIqWIod 3yl buowe uosuedwod
Apnis paziwopuel

'9A11eIRAUWOD ‘[PUOIIUSAIRIY|

SYIUOW 8 IDAO YoM
/Y | ‘SUOISS3S 97 ‘92e|dMIoM U3 Ul
SUOISS3S Vg PasiAIadns yum | DY

diysiaquiawl

gn|2 ssauly pasiAIadns-uou sa
suwelboid omi ay Jo uoneulq
-W0d ay1 buowe uosyedwod
Apnis paziwopuel
'9AIRIedUWIOD ‘[eUOIIUSAIIU|

(predun) sinoy bupiom
941 JO SPISINO ‘SUOISSIS SSIDIDXD
[ed1sAyd ‘pasialadns :welboud vd

weJboid (spiemal |eliareud Jo
UOIRUIUISSSIP) [BUOIIRAIIOW pUP
(SM3IAIIUI [BNPIAIPUI ‘SIRUILISS)
[eJolARYSq :weiboid sAnUdUl g
(pred) sinoy buppiom bul

-INp ‘92e|dXI0M 31 Ul SUOISSSS
Vd pasialadns :weiboud vd

O] 81 01 paJayo
2I9M JUsWSbRURW SS2135 pUE
uonUINU ‘9s1249x3 [eaisAyd bul

-piebal s3558|D) S101oNISU|
pasusadxa Ag pasiaiadns [apow
$S9U1Y DICOISR UB UO PIPUNOY SBM

UONUSAJRIUI BY] 'Y | 10§ Bul
-15€| 9s1019x2 dnoub 1ybi| Jo
U0Iss9s Ajyoam :welboid ssauily

3JoM Bulpuewsp

Ajjed1sAyd yaim uswom buowe
QB3| 215 JO SDUBIINII0 31 pue
A)|Ige 310M panlediad uo weiboid
951249 D1USHIOM B JO SSIUAL
-D9JJ9 9Y1 91BN|eAS O} UOIUSA
-191U1 351249% papInb Buisn | DY

yoegpa9y ‘dn bumas Abajens pue
|eob :weiboid AU Y
(dnoib ayz uo

Buipuadap uoisiasadns ‘diysiag
-wsw pled) gnjd ssauly [eI0| B 18
SUOISS3S /d “(SUOISSS [eI0IARY]
Buimoj|oy) ae|dsyiom ay3 U SUOIS
-$35 d pasialadns :welboud vd

900¢ 109 € =411 JO0

Aujenb suondadiad saakoldws uo
UOIIUSAISIUI 3SIDI9XD [BD

-1SAyd e Jo S109473 'y puelg ‘G

900¢
1Dy e :y1eay [edisAyd uo s1oaya
UOIIUSAIDIUI DYISHIOM T SHUBY H

500 9s2Iaxa [ed1sAyd Jo

|e1 pajjo1uod [saakodwa
awoy buisinu AyuNUIWOod Ul
9DUISR SSAUNDIS pUE 3yl| JO
Ayjenb paiejal-yyesH '|r xoig ‘¢

200 Hom

|e21sAyd yam uswom buowe
SOABS| OIS pUe A11jIge YoM
panadiad 03 10adsas yim
wieibold 351019x3 S1ISHIOM B JO
SSAUDAINDRYT J USUIWINN 7

000¢ "UOIUSAIDIUJ S||1%S |RIOIARYS]
SUSHIOM B JO 10edW| [ SOYDIN “|

[9POW [ed1103Yy L

uoljeinp UOKUIAIRIU|

91IS)40M HJI0M
Jo ad£y :() 4aquinu syueddiyied

ubisap Apnis

UOIUBAIBUI 3Y) Jo Alewwing

ETIEYEIEN]

2oe[dyIoMm aU1 Ul (ddS) suoissas Buiyoeod yum suleiboid Aainoe [edisAyd pasialadng g ajqer



Page 18 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

114D

SPIM 7|

SHOIM 0

SEEIN4

1eaAf |

001 =N :dnoib 43y
66 =N :dnoib gD
66 =N :dnoib | Dd
(SISUBS|D USWOM) 167 = N

LOL =N 434
901 =N-SM6
9CL =N-SM¢€
9LL=N-SM L

(s12x10M 221J0)
LYy =N

SSC=N"9D

(8¢ =N"5l

(suepiuyoay A1o1eioge)
LES=N

8l =N"434
/81l =N:3d¥Y
08l =N 14S
(s13%10M 22140)
6¥S=N

10108y
1nodoip/adualaype ue|dxa 03 si
9A1193[qo 3y [(dnoib 43Y) |0Iu0d
sA (dnoib 1g| D) weiboud jeinol
-ABYQ Bulules aAIubod syl

sA (dnolb | Hd) weiboud Bujulesy
uoneUIPIood [eIsAyd ay1 buowe
uosiledwod] Apnis paziwo

-puel ‘aAnesedwod ‘leuon
-USAJ91U| Ue buowle ydeoidde
aA1eIIUEND pUe SAIRLEND

(dnoib 43y)

|0J3U0D $A (U / X 6:dnoib gAp
6) 329M Jad SUO|Issas pasialadns
6 S (UW 07 X € :dnoib Spn €)
399M 1ad SUOISSaSs PasiAIRdns ¢
SA (Uw 09 :dnoIb GAA |) SUOISSDS
pasiAIadns AJpRam-2oUo Yim
welboid e buowe uospeduwod)
Apnis paziwopuel
‘9A11eIedUWO0D ‘|RUOIUIAIRIU

S92SNW JOSUIXD
1SHM 9Y3 10} 9SI1219X3 | pUB S350
-13X3 |[2GqWINP JUIDHIP # YHM
S9PSNW JSP|NOYS PUB YD3U Y3 IO}
A|jed0] Bujuiely yibuans oyads
Ausua1ul-ybiy pauwnioyiad dnoib
Bujulely 3y, ‘ulw oz bunse|

4oea oM Jad suoissas 931y} Jo
Pa1sIsU0d swibal Bujuies) syl
:sinoy buppiom buunp weiboud
Bujuiely yibuans Alsuaiul ybiy

1uswabeuew

$s311S ‘sojuouobia ade|dyiom
panoidul ybnoiya (43y) dnoib
|0JIUOD SA 4OM 1B pue 3INS

-19] yroq Bulinp vd Jo [9A3| bul
-sealdul (3dy) weiboid asi2iax3
[e2I1SAYd puUnoy-||y e sa (dnoib
14S) weiboid Buiulel] aoUeISISIY
oy1nads e buowe uosuedwod
Apnis paziulopuel
'9A13eIRdUIOD ‘[PUOIIUSAIDIY|

(sdnoub Bupjiom) weiboid
[BIOIARYDQ PUB SA[IRWILIO)UI PaZIje
-NpIAIpUI-UOU :Welbod aAnuadU|

"90e|dYJOM Y3 U] SUOISSIS g PASIA
-1adns :weiboid vd (010Z e 12
uuewIROH) welboid JyN|I4 WOl
selep ‘Apnis A1lepuodag

sinoy bupjiom bul
-INp '92e|d¥I0M 31 Ul SUOISSIS
Vd pasialadns :welboud g

Ausuaiul ured

13PNOYS pue }dau pariodal-fas ul
sabueyd sem awodno Aewd

9y ‘DD ay3 sA wesboid weiboid
Bujuresr yibuains ayi buowe
uosuedwo?) “Apnis paziuopuel
'9A11eIRAUIOD ‘[PUOIIUIAIRIY|

sa1barelis pue

sjeob jo dn Bumas ‘suoissas buljas
-unod yum weiboud |ejoineyag
sinoy buppiom buunp yam Jad

Y | ‘92e|d3I0M 943 Ul SUOISSS

Vd pasialadns :welboud vd

cloc

‘|el1 P3J|0JIUOD PAZIUIOpUEI € JO
sasAjeue Alepuodas-sade|dyiom
Bujuea|d 1e suopuaaIalul bujures
|eJoineYy2q 3AIIUBOD pue Bujuiesy
uopeu|plood [eaisAyd jo uon
-eyuswa|dwl gy ussusbiar 6

Z10Z ‘|el} pa||043U0D PazILo
-puel e :ujed Japjnoys pue 32au jo
1uaWabeueW 9AI1D3Y9 Joj Bululely
y1buais jo uoneinp pue Aousnb
-914 JO DDUINYU| 'HD USSIIPUY ]

L10C1od e

SIDHIOM [eLIISNPUl Buowe Jal|ai
uted 10j $35219X3 JaP|NOYSHDaU Jo
uoneluawa|dw| M SIg97 */

800¢ "Uled I9pnoys

PPIN JUSASIJ pUe /319y O}
|BlI] UOIIUSAIDIU| P3||0JIUOD
paziwopuey 17 U3siapuy ‘9

[9POW [e21103Y

uoljeINp UOIUIAIAU|

91IS)I0M "S10M
Jo 9dAy :() 4oquwinu syuedidinied

ubisap Apnis

uonuaAISIUI BY) Jo Klewwng

EaIVESET )]

(panunuod) g ajqey



Page 19 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

LE=N"9D
‘(9de|dy10M Y1 Ul buutes
0 Swioy e Butulen L) LE =N D

SHoM ¢ 9=N

0C=N"5D

(¢ LZ=NDI

110y02) syIuow ¢ Jo popad uojs (90e|dyiom 2dURINSUI Yijesy)
-Njpul MIN (| HOYOD) SYIUOW 9 1y =N

L0l =N-43d
¥Cl =N SW
9CL =N:SM €
(S19%10M 201J0)

S{9OM 0 LVeE=N

S =N9OD

901 =N DI

(Auedwod annnensiuiupe ab.eq)

D EENNI 09l =N
GSC=N"OD

(8¢ =N Dl

(suepjuydal Aloleioge)

YoM 07 LES=N

(SI3I0M [enuBw pue
24ed ‘D140 ‘sade|d¥IoM 9)

sieah 7 Wwo=N

yibuans

92SNW G| J9MO| ‘Uoisoduod
Apoq ‘ssauly Aioresdsalolpied
SpeW Sem JUaU

-2INSeaw [euy ay1 pue buluiesl Jo
oM 1 J1Isy1 pey siuedidiied syy
Uay3 ‘(duljaseq) 4 sia1ouweled
PaIPNIS 941 UO SpeW SeM JUSW
-2Inseaul e ‘Apnis a1 210499

(syauow 9 Io

€) Ul 219m A341 110Y0D 3y3 uo bul
-puadap ‘ponad pauyap ayi bul
-INp ‘Aep e 32IM1 UIW G 10} ¥Sap
[llpeal) 8yl asn 01 palinbal
219M D] 3Y1 ul syuedidinied

434 sA
(dnoib SNE) suolssas pasiaiadns

-lewiuiw Apjam € SA (dnoub gpn €)
SUOISSaS PasIAIRANS APjeam € Yiim
weJboid e buowe uospeduwiod)
Apnis pazjwopuel

'9A11eIRAWOD ‘[PUOCIIUSAIRIY|

uoledo|je dnolb 03 papul|g sem
Jauluexa ay] ‘sallAle [ediskyd
[ENSN 4124} SNUIIUOD O} SISPUIW]
Apjeam buiaiedas dnoub [oiuod

e 0110 Aep e ujw Q| 1o} sliels ay3
¥|EM 01 SJUSWISHRINODUS paseq
-|lewa Appeam Buiaiedal dnoib
[lPWS UE O} (O11eI |:7) paubisse
Ajwopuels alam syuedpdiiied

sinoy
Bulsiom Bulnp sas1019%3 Y1buIIS
Sy1dads 01 adueldwod uo Ad>eduyys
-J|9S JO 92U3N|UI 3Y1 SUIW
-1919p 01 Sem asodind ay|

Sl ulyum

syuedidied ayi JO [9A3)] d 943 JO
UOIIN|OAS 941 JO 1USUISSISSY
wesboud sHIop

-U1jesH 1Dy @Y1 wioyy e1ep ‘Apnis
9A11eIedWOD-UOU ‘[PUONIUSAIIU|

SI0M 1B JO

Qwoy 1e oam 4ad sAep ¢ 1ses| 1e
‘3512493 Bulgulld Jieis Jo Aep sad
ulw 6 yoeas 1snw syuedidied
93 181 Sem ApNn1s Y1 JO AN
-23(qO 3y ‘[el3 [BDIUD JSAOSSOID)

JUSWUOIIAUD
UoneISHIOM [eal e Ul ApNnis 10|id
e141 [011UOD JSAOSSOID PIZILIOpURY

10T 'HD uasIapuy ‘g,u oy ‘Apnis
AK1epuodas ‘(dnoib ayy uo bul
-puadap) (pred) sinoy bupjiom bul
-INp ‘92e|dyI0M 331 Ul SUOISSDS

Vd pasialadns :welboid vd

SIUSWSbRINODUS Paseq

-|lew? JO Y3|eay Je|NdSeAOIPIeD UO
103)J3 2yl SUIWLISIBP O [el) Pa||oh)
-U0> pazjwopuel pulg-a|buls

(110t
MIN SIG37Z) 25U 431 ‘Apnis paiseN

9oe[dyIOM 31 Ul SgN|D Bupyem Jo
uoneluswaldwi :welboid vd

107 Apn1s 10|1d e —synpe pabe
-3|ppIW A1RIUSPIS 10) UOIUIAISIU]
Huiddais youaqg paseqg-awoy Jo
DUSHIOM P JO SIyaudg r JIe G L

¥10¢ "uonusAIIUl

S |[lwpeasl ade|dyiom e Ul
SINSS| 9DUAIYpPe pue uohey
-uswia|dwl| D a207-10pn] |

107 "1 DY 1215N|2 :SI9%40M D)0 Ul
ayoepeay pue uled Jop|Noysau
Buidnpal 1oy bulules Yibuais Jo
SSOUDAIIDYD UO uosialadns
Bulules Jo 19943 'g Welo ¢

€107 '[eUL P3]|01U0D paziwo
-puey :s3|eAN-11e1S 90.|dNIOA
Alleg oQ 01 syuawabeINodU]
paseg-1auiaiu] JO s10943 YijeaH
Je[NJseAOIpIeD) T USSISpUY TL

£10¢ "9sipJaxa aoe(d
-410M 01 3due||dUIod uo Aoy
-J|9S JO DUBNYU| WIN USSISPad ' |

C 10T ‘[elL SHIOM YleSH a1 WOy
e1e (SqN|> Bupjjem ausyiom Ul
uoledidiyied Jo Jueulwiiap e
Vd DUI[9Seq S| [ IDUIOM UBA O

[9POW [e21103Y ]

SUSHIOM SI0M

uoljeinp uonuaAIRu|  Jo adAy :() 4aquinu syueddiaed

ubisap Apnis

uonuaAISUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) g ajqey



Page 20 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

SEEIY!

SHOIM 0

SEEIN4

SY2IM 07

dn-moj[0} Jesh-¢ + Jeak |

68 =N :dnoib JWOH

LLL =N :dnoib YoM

(s1915N]2 6 ‘BUISS 218D Y1 |eSH)
00 =N

(sJ9310M 2DUJ0)
D] 341 JO SUO 0} paz|Wopuel
syuedpiled €/69y1joino gl =N

L0l =N434
YClL =N SWE
901l =N:SM6
9CL =N:SM €
9LL=NSML

(s13%10M 2D1J0)
€LS=N
b5=9D
LL=5I

(suun
uondnpoud [eusnpul 61| 0m)
LEL=N

191 =N 101235 2l|Ignd
[9¢ =N :01D3S 91eAlld
GGC=N"DD

(8C =N DI
(suepjuyda1 A1o3eI0qER))
LES=N

(dnoub JNOH) auole

weiboid aanewiojul ue sa (dnoib
MYOM) Wieiboid vd aAisuay
-21dwod e buowe uosiedwod
Apnis paziuopuel

‘9A11eJedWOD ‘|eUOIUSAIRIU|

D] U0 P31ONPUOD SMBIAIIUI PaINY
-DNJ1S PUB D11RWSBY1 ‘DARDNPIP
-lwas :yoeoidde sl END

(dnoub 43y) [0u0d
sA dnoib SINE sA dnoib SAA 6 SA
dnoib SpA € sA dnoib AN | yam
wesboid e buowe uosuedwod)

Apnis paziwopuel
'9A1RIedUWOD ‘|RUOIIUSAISIU

393M B 9DUO (SYA Wil

001-0) Ausu1ul uted yoau paisy
-sibas sdnolb y10q Jo syuedidinied
"9A112€ AR1S 01 3DIAPE PaAIa)

9D 3Y1 H99M B SaWI} 924y} Uw
0z Buunp ‘sbnuys pue s} 9s1onal
'3Slel [eI21e] ‘9SIes JUOU 'SISIDIaXD
[[PQQWINP 1URIIYIP # YUM S3|D
-SNW J9P|NOYS AU Y3 10}
Bululel) 9duelsisal dydads
pawioyad dnoib bulutes ay |

S92SNW JOSUIXD
1SUM 9Y3 J0j 951219XD | pUe $35ID
-19X3 [|29qWINP JUIRHIP  YIM
S9PSNW JSPINOYS PUB 323U Y3 JO)
A|jed0| Buluiely yibuans oyads
Ausua1ul-ybry paunioyiad dnoib
Buluresy ay| “uiw oz bunse| yoes
“Joom Jad SUOISSIS 93131 JO PIISIS
-uod awibaJ bujules ay] :welboud
Buluren yibuans Aususiul-ybiH

(uswdinba suods pue sje

-1191eW [euonesnpa) weiboid [eiol
-ARU3Q PUB SAIIRULIOJU| *(SUOISSS
Buljasunod [enpiaipul) weiboid
[BUOIIRAIIOUI PUE [RJOIARYS] B UIIM
paulquiod {(dnoib ayy uo bul
-puadap) (pred) sinoy bupjiom bui
-INp ‘92e|d¥I0M 31 U] SUOISSDS

Vd pasialadns :welboud vd

CL0C 'HD
USSISPUY ‘8,U Ja1 Apnis paisaN

(CLOT 'HD UssIspuy) 8,U 4oi

‘Apn1s paisap “(dnoib ayy uo bul
-puadap) (pied) sinoy bupjiom bul
-INp ‘92e[dXI0M B Ul SUOISSSS

vd pasialadns :welboid vd

sisAjeue

1uasaid oY1 Ul papN|dUl S1om uled
29U YUM USWOAA ‘[BLY P3]|01IUO0D
paziwopues 431sn|> dnolb
-|91e1ed e O sisAjeue A1epuodas

(LL0T MW

SI097) £, ‘J21 ‘ApNnis A1lepuodag
‘dn-moj|04 Jeak-¢ yum ‘Ujed wie
JI9P|NOYS 23U JO JUsWIIeI) pUe
uonuaald 1oy buiutesy yibuais
Aususu-yBIy yum 1 DY 1edh-|

SLOC 1Oy 453

-SN|> e :s1yiom aiedyyjeay buowe
uted [13]2%S0|NISNW UO 3SID19Xd
|ea1sAyd paseq-auloy sa -aoe(d
SHOM JO 12943 ‘AN USSOXer 0T
10z ode[dyiopm aup 1e

351219X3 |BDISAY 01 SIallieg pue
UONPAIIOW JO APN1S SAIIRYI[END) B
‘uopiesiuebiQ S193N UONRUSA
-19JU] USYM DAL YEP=1G 61

G10C 1Y

191SNP Y {Yi[eay Jejndsnud pue
aouewlopad ‘aouelduod 10aye
uoisiaiadns pue Aouanbauy
Bujuiely ssoq | 1obejeq gl

107 "uondudsaid 951219x3 10}
suoped|dwi :bulules| 9oUrISISAY
dy1ads yum uoneljigeysy

0} 9suodsay u| uled 39N Ul
obueyD SSIM-OWIL MIN SIg9Z /L

107 'dN-MOJ|04 JeIA-€ YuMm
Juswiadx3 [eanieN sueiuyda|
Alojeioge] buouwle ujed wlly
/19P|NOYS DN 10) Bulues|
yi1buai1s aoe[dyiopn JO 10943

d U3SULO 9|

[9POW [e21103Y ]

uoljeINp UOIUIAIAU|

91IS)I0M “S10M
Jo 9dAy :() 4oquwinu syueddilied

ubisap Apnis

uonuaAISUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) g ajqey



Page 21 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

SHPIM 7|

JI=Y

syuow 9

SUYIUOW 1

SHOOM ¢

SEEIN]

6€ =N9D

8¢ =N Dl

(s1ox10m a1ed y1jeay)
LL=N

S6L=N-"5D

Y61 =NDI

(sJa34oMm 22140 ‘sajueduiod 9)
68¢ =N

0€ =N 9D

0€ =N Ol

(sia3iom [enuewl Asnpur)
09=N

65 =N 434
/G =N 1S351219x3 DIqOIdY
(SI2UBIP USWOM) 9L | = N

r=N"9D

rS=N Dl

(s491ybyaiy [euoissajoid)
9% =N

00C =N

sdnoib

32sNW Jofew Y3 JO Yoea 10y sas|d
-13X3 30UPISIS3I JO YoM Jad sAep

2 pue ‘aJow Jo Ul Q| Jo sinog ul
yoam 1ad 351219%3 dIqolae JO

UlW 0S| 9A31Yyde 01 Sem [eob ay |

aIns|a| buunp

y9am e shep 9 Aliaioe edisAyd
A)SUSIUI 91RISPOU JO UIW-0E ULIO)
-19d 01 PapPUSWILLIOIRI SeMm pue
‘SINOY BUPIOM UIYLIM Y29M AISAS
wesboud Ansusiul-ybry pasia
-12dns Y- paAIedal D] ‘D) ay3

sA welboid a111ud ay1 buowe
uosiedwo?) Apnis paziwopuel
'3A1eIedUWOD ‘[BUOIIUSAISIU]

|euon
-USAIS1UI ‘PaULLIB-OM] |BLIY [01IUOD
‘01 40 20|q 9 A paziwopuey
uolssaid Apog d1101sAs pue
Buidas|s ‘wdq ‘Peojiom diqoise
‘(Xeul ZOA) ssauly A1oresidsalolp
-18D :S9W02INQ “(43Y) 90U43j21

sA weiboid (S3s1219%3 dIqoide
pasinIadns ‘Xew ZOA %09 <
Ausuaur ybiy uw g€ X 7 ‘syruow
) Vd 941 buowe uosieduod
Apnis paziwopuel

‘9A11eIRdUWIOD ‘|PUOIIUSAIRIU|

1591 3ue|d pue

159} USSURJ0G-BulIalg 9yl Yim
P3SS3SSE SEM 9DURINPUS Jejnd
-SNUW 2102 pue ¥2eq :SaW0dIN0
9D Y1 $A welb

-0ud g ay1 buowe uospedwod
Apnis paziuopuel
‘9A11RIedWOD ‘|RUOIUIAIRIU
310M e [ended

[BI2OS UO 35219 [edIsAyd Jo
10949 9y1 sa1ebnsaaul :AujeubuO

syuaiied Jaoued 03 SIaAI63

-1ed Ul ssauly [edisAyd pue ‘s|an3)
Vd ‘sewo21n0 [ed1bojoydAsd ‘(zA
9€ W04 HoYs) 341 Jo Aujenb uo
weibold 35101ax3 32am-7 | e JO
$10949 a3 bululwexs | DY

(,s1opes

-Sequie yieay yum,) wesboid
SAIUSDU| puUE 3|yoid s jenpiAlpul
yoes 03 paisnipe ‘(pred) sinoy
Bulspiom bunnp ‘aoejdyiom ayi Ul
SUOISSDS 3SIDIaXD [eDISAYd PasiA
-1adns :weiboid (13d|) Puluiely
351219%3 |edisAyd Juabi|Piu|

syuedpipied say) Jo spasu
Jy1Dads a3 03 PIO|Ie] Sem 1ey}
padnpoanul sem weiboid s
-19X3 A]PaM-92IM] ‘YIUOW-9

(pred) sinoy Buiyiom bul
-INp ‘2oe[d¥I0M 3Y1 Ul SUOISSDS
vd pasialadns :welboid vd

(pred) sinoy buisiiom bul
-Inp ‘92e[dyI0M 33 U] SUOISSDS
Vd pasialadns :welboud g

(SLoZ'aw
U3SQOY ) 0T, 421 ‘ApNIs palsaN

910¢ 104 394YHDIY o4 wioy
S1NS9Y :SI9AIHIRD) JSDURD Ul
S9WODINQ |e2160J0YDASH pue
[P2ISAYd UO 951219X7 JO

S$19943 9YL VD HaquyInd '9¢

9107 "1 DY e-Sia3Jom 9010 buowe
S1239449 Yi|eay :22e|d>IoM 3 18
Buiutely aspiaxe [ed1sAyd 1uabi|

-]owul bunuswisdwi | J9bejeq ‘sz

G10T SI9pI0sI [PI9[RXSOINISN|A
quii Jaddn pue ydaN 104 sy 1e
USWIOAN 10} Wieibold as1Diax3
9e|dY}IOA PRIO|IR] /D) 0110SeY 7

S10¢

1Dy 121sNP v jsiauesd buowe
Yijeay pue ssauly A1olelidsalolp
-1 Jiedwil JO sA0Idwl 9SDI9X
21goJae $90( ‘N [0Ysioy €7

S107 ‘si2ybyaly ur due

-INPUS JBjNJSNW 2102 pue %2eq Uo
weibo1id 3S1D19XD DSHIOM PISIA
-12dns e Jo 1oedw| W 1aAe 7T

G1L0Z "1 DY 4818N]D [ended
|BI120S 22|d}IOM UO 3SIDI9X3 [
-1sAyd J0 1583 7 USSISPUY LT

[9POW [e21103Y ]

uoljeINp UOIUIAIAU|

91IS)I0M “S10M
Jo 9dAy :() 4oquwinu syueddilied

ubisap Apnis

uonuaAISUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) g ajqey



Page 22 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

syluow ¢

Syiuow 9

SHPIM 7|

YoM Q|

1eaAf |

0C=5D
Lc=9l
V=N

GE=NOD

Ly =N DI

(s42310Mm Jueld ‘sajuedwiod om3)
9/ =N

SL=NOD
Gl =N :dnoib pasiaiadns '©g
(Bumas aied)

0€E=N

00¢=N

S6L=N"5D

Y61 =NDI

(s1ax10M 22140 sauedwod 9)
63¢ =N

11 01 pasn s19b Apoq

3U3 1By} 0S UoIRINP Ul pUe ‘Wl
G'€ 01 G'| Woly=apnijdwe ‘zyisH
0€ 03 0| Wolj= Adusanbalj ul A|dAIS
-s2160.d 1INg 249M SUOISSIS DY |
'S 0L 0109 JO 5195 G OIUl PIPIAIP
‘BUO| UIW G| 9J9M SUOISSIS By |
alreuuonsanb

JIPION PUB ‘(pUBH PUE JISPINOYS
WY 9U3 JO Lojwiodsiq) HSYd
‘(41eUUONSIND

Bulies JIap|noys) DYSs :SaUO0INO
9D 9Y1 54 weib

-0ud g ay1 buowe uospedwod
Apnis pazjwopuel

‘aA11eIedUWO0D ‘|eUOIUIAIRIU|

wordwiAs

2AISSaIdap pue [019159|0YD U1}
-oidod| Aysusp ybiy ‘Yibuains
32SNW XBUWOA :S9WO0IN0
(dnoib o) uoisialadns o
-YHM SA (DG) uoIsiAIadns yim
wesboid e buowe uosuedwod)
Apnis paziwopuel
'SA1RIRdUOD ‘|RUOIIUSAISIU

2dUalaype BululeL} YIM
paisnfpe ujed [L13]2350|NISNW UO
pasno0y sioyine :AyjeulblQ

Siayiom

9210 Buowe WSI9a1Uasqe pue
wistaa1uasald uo 134| Jo

109442 Y3 21eH11S2AUI 01 Sem
ApNis siy1 Jo wie ay) ‘19H

X35 10} PayIILIIS Xej [e11Udd Aq
P312NPUOD S| UoNEeZIWOPURY
‘[el1 Paj|04IUOD pue PazILopUeRY

}29M B SBWI G'g Bujulell UopRIgIA

Apog-ajoym asn dnoib o ay |

(pred) sinoy Buisjiom bul
-INp ‘2oe[dyI0M 3U1 U] SUOISSDS
Vd pasialadns :welboid vd

aoe|dyi0Mm 3y Ul SUOIS
-$95 d pasiniadns :weiboid vd

(SL0C ‘AW
Uasqoer) 0z,U 421 'Apnis paisaN

(600 'L
19be[eQ) GT,U Jo1 “ApNis pa1saN

/102 "uted 2eg-mO| J1UOIYD YUM
saakojdwia 10y ANAIRDE s1Iods
paseqg-2e|diom e se Bululel) uon
-elqin Apog-ajoym 1 buipeay ¢

£10T Yom Alquisssy
PE3YISAQ Ul SI9PI0SIJ 43P|NoYS Jo
|0J1U0D) 10} WeIbOoId 3S1219%7 9de|d
S}IOM B JO Uolen|eAs ‘gg Mo 0€

£10C 1YV oM

Ylys bunonpuod sasinu buowe
1s1desayy [ed1sAyd e Ag pasia
-19dns 3s1219%a 92e|dyIoM JO
SSOUDANDYT Y ebnsiel ‘67

/107 'siayiom a1edyyjeay buowe
SUOIIUSAIDIUL 3S1D19XD [eDIsAyd 01
asuodsal ul Jalja1 uted bunoaye
$1012e4 ‘g USSqodef '8z

/10 "SI2NIOM 2240 Buowry ws|
-991U35QYy puUe WSI931Uasald SsaU
4215 Uo Bujulel] 3s1019x3 [BJIsAYd

1Uab|||21U] JO 19343 "gr USSAISN( /T

[9POW [e21103Y ]

uoljeINp UOIUIAIAU|

91IS)I0M “S10M
Jo 9dAy :() 4oquwinu syueddilied

ubisap Apnis

uonuaAISUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) g ajqey



Page 23 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

66 =N :dnoib aandy
86 =N :dnoib aandeu|
(s12x10M 221J0)

s9a/0|dwa aAl
-DBUI 5/ s9940|dWa aA11De Buouwle
weibold g uosueduwod)

Ole-¢o

(0)65:£ 10T PaN uoIIAUZ dNdDO

[ 'SSaUlI pUe Y1[eaH |[BIRAQ S22
-fojdw3 AJenus| uo weiboid vd
DUSHIOM YIUOW-G B JO 109447 P 19
INd UIUSD WOlseIep :Apnis paisan
90e|d3I0M 3Y3 Ul SUOIS

810C "SISHIOM YO
DAIIDRU| SA DAY Ul 9|Old YedH
|[BJ2AQ UO W] A1RIUPaS patejay

- Syuow g 6l=N Apnis |eruawiiadxe 1sen) -$95 g pasiaiadns :welboid vd SHIOM 4O 19347 W UIUID) €
weiboud
V/d 1SN IOM 3Y} 1IRIS O} PaleA
-130W JOU Pue Jeak auo 1se3)| 1e 10}
399M/\d S1BISPOW UW 0G|
ueyy ss3| ut pabebua ((NOD) 9D &
“(}9IM/UWI G X Z JO WNWIUIW) e
sieaA 7 15e| a3 Joj weboud vd
QUSYI0M 241 Ul pabebus syuedpiy 0la-¢a
-Jed :(dx3) dnoib pasuapiadxy (2)65-/ 10T PR UoiiAug dnddO
¢ ‘Apnis ayy jo buiuuibag sy 1e [ 'SS3U3I puUe Yi[eaH [[RISAQ S99
ZC=N"DD weiboid yd ausyIom ayy -AKojdwi3 Aleiia) uo weiboid vd
9€ =N dxd pa1Iels (AON) dnOIB 3JINON ,1  SUSHIOM YIUOWN-G B JO 108)7 e 12 810z 'siond
[E=NAON DD 23Uyl saswelboid yd 7 bBuowe  |Nd UluaD Wwoly e1ep :Apnis paisaN  -Wod-Uou SA sIaljdwiod Jo s3jyoid
(s12}Iom 32140) uosiedwo?) Apnis paziwopuel 2oe|dI0oM Y3 U] SUOIS 'swielboud yd S1syIom 0} U
- syuow 0| S6=N ‘9A11RIed WO ‘|RUOIUIAIRIU -595 y/d pasialadns :welboid g -1aype saakojdwig \d UlusD) €€
3UI|UO 3|ge|ieAR OS|E
2J9M S0apIA bujutel] ‘syuedpdnled
obeInoduUs 01 abedawioy Hul
-UleJ3 9Y3 Uo paisod alam
S199M] pUB SWOOJ uoipenbs ul
pade|d a1am $133150d [PUOIIRA
-0 'S95I219%3 2y} buljieIop
[ENUBW B pUR ‘S3|pUBY 3SDI19XD
'Ssauley peay e ‘spueq aouerlsISal
Bujuieiuod beq bujulely e paaRdal
1uedpiued yoe3 yoam sad uiw
07 X € 219M SUOISSIS "S9ISNU /10T ‘|e11 pa||0J3u0d paziuwo
19p|NoYs pue 3dau ayl bunabiel Buluiey apsnw Joud N0 -puel e :maid pue s10jid 191dodisy
(dnoub aduasjal) F€= 5D S9SI12J9X UOIIRUIPIOOD PUB  -UlIM pue yim uted jo uosiedwod  Aleljiw buouwle uied Jspjnoys pue
(dnoub Bululr1l-351219X3) GE = D) ‘9duBINpUB ‘Yibuais Jo weib [eLy pajjon 23U JO JuaWi1eal) se buiutes
(Jaquiaw maud ge ‘s1opd |€) -0Jd ¥29M-07 B pa19|dWod  -UOD ‘|BUOIUSAISIUL ‘PUI|G-9|BUIS  3S219X3 [BIISAYd PaIa1sIuIuIpe-}[s
- SEEIN4 69=N syuedpnJed :weiboid Buiuiel| ‘dnoub-|o|jeled ‘paziwiopuey W Aeniy zg
9)IS)}JOM “H10M
|9pOW 31109y | uoljeinp uonuaAIRu|  Jo adAy :() 4aquinu syueddiaed ubisap Apnis UOIUAAIRUI BY] Jo Alewwing ERTEIETEN|

(panunuod) g ajqey



Page 24 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

1DS'WLL

dn-mojjo4
luow-z| +
syuow 9 +
SIDIM f

SHOIM

wesboud
pasiAladns Ajjeied yiuow-g +
‘weiboud pasiaiadns Yiuow-

dn-moj|o LIuoWw-G | +
Syoam g

SPIM 7|

SOL=N"5D

80l =N-D+Vvd
(saluedwod

[eLISNPUl WoJj s9akojdwa)
€lc=N

9C=N-9D

9€ =Nl
(s2Iom 811y0)
O=N

65=N"9D
/S =N 1S351219X3 DIqoIay
(sI2UedPD UBWOM) 9| | =N

SC=N9D
SC=NSI

(4ge1s AusiaAlun)
0S=N

9D ON
(s9akojdwia Aysianiuny

0S=N

2uole Jusauodwod

(vd).Jeon2eid, au1 s4 (O + vd) U
-odwod buiyseod (jesibojoydAsd)
,[BD1121034)1,, B 1M PauUIquIod
weiboid vd,jednoeid,e jo
UOI1BUIqUIOD 341 Buowie uos
-ledw o)) Apnis paziwopuel
‘9AIRIed WO ‘[euoiUuSAIIY|

JUSU1E3J} OU PRAIDIDI
dnoib |013u0d BY1 ‘SyoaMm {7 10}
399M AJI9AD SISIDI9X UW O (AGM
-4S) uolelgin Apog-sjoym adueu
-0$31 2115eYD0]S € 919|dwod 0)
pa1oniisul sem dnolb bujuiely sy

ainssald

poojq 21|015As pue buidaals ‘wdq
'DEOPIIOM DIGOIRE ‘(Xeul ZOA) SSaU
-1y A101e41dS2101PIeD [SOWI0DINO
(43y) dnoub aouaszal e

SA (S951219X3 D1qoJe AYSU)U
yb1y ‘syruow g) wesboid uon
-USAJ1UI Y3 Buowe uosiedwod
Apnis paziwopuel

'SA1RIRdUWOD ‘|PUOIIUSAISIU

UOISIAISANS INOYIM SA YIM
weiboid ay) buowe uosyedulod)
Apnis pazjwopuel

'9A1eJed WO ‘|RUOIIUSAISI|

(Kep 1ad sda1s 0000 L

>) sJ3jjdwod-uou Jo (Kep Jad sdais
00001 ) sta1dwiod se paziioba
-1ed pue Aep Jad sda1s 00001 JO
[eob ay1 usAIb a1am syuedidiied
'S9SIDI9X? PulUaYIbUIIS-9D

-SNW pue d|qOoJae PspN|dUl UoIS
-$95 pasiaIdns yoeg “(yoam/Aep €
‘UIW 09) UOIIUSAIDIUI Yd 39aM-7 |
Apnis

SA1eJedWOD-UOU ‘[PUOIIUSAIDIU]

suolssas dnolb yum weiboid
|eJolARYS(] :Weihoid SAIUSDUI Y
90e|d}IOM B3 Ul SUOIS

-$35 g pasiaiadns :welboid vd

Bulag-||om [e13|o%50]

-NdSNU pue ‘SsWil ISAC 3duejeq Jo
95USS 'ssaUpa100aIns anoidwl 0}
pa123dXa sem (AGA-YS) uon
-eIqIA APOQ-3]0yM DURUOSIY
[eL1 pajjon

-U0D-paziuopuel [euipnibuon

(s1oz
‘W [0YsIoy)) £7,U Ja1 ‘Apnis paisaN

(dnoub ayy uo buipuadap)
2oe|dYIOM 31 U] SUOISSIS ISIDI9X
[ea1sAyd pasiatadns :weisboid vd

(Kep/sdais

000°01 = [eob) Ja19wWopad e Jo
95N :welbold SARUDUI g
(pred) sinoy buppiom bul

-INp ‘aoe[d¥I0M 3U31 U] SUOISSDS
Vd pasialadns :welboud vd

610¢ ‘buiyoeo) [es160]

-0Y2Asd JO 3|0y a4 :Y}|eaH pue
Vd 910WO0ld 0} UOIUSAIIU| dnoin)
SUSHIOAA B JO S1095 'S SCoUy '6¢

810¢

"APNIS UONUDAISIU| SAIUSASI]
P3[|0IUOD) V ISISHIOM 2O Ul
BUISg-||9M [12[3X4SONISNIA

pue aouejeg saroidwl| Bujues|
9DURUOSBY DIISLYD0IS ‘A SOB4 Q¢

810C LDy susyiome

:SI9Uea|> buowe UoIeXs Jo bul
-1e1 pue A1AIONPoId ‘A1SA0DR1 10§
pasu ‘A)|Ige $JOM UO UOIIUIA
-19]Ul 9SI1219X3 D1OIIE SYIUOW

€1 40510943 ‘W pleebapil /€
810¢ 'dN-moj|0j IUOW-G| Yum
104 %29m-g uy :uoledpiiled a5
-19X3 pue ssauly [ed1sAyd paiejau
-yijeay sanosdwi uoisiaiadns aspd
-19X3 10311P INOYUM 1O LM A3j1De)
9}ISUO U 1B 3S|2J9XT "Yf Ja1unH '9¢

8107 "soakojdwia AuIsian

-lUN BUOWIR YS|1 9SBISIP JejNdSeA
-0lpJeD Jo siaxlewolq ewseld pue
‘SIpUl 2Inssaid poo|q ‘sadIpul
J132WOdOIYIUR UO UOIIUSAISIUI
Vd DUSHIOM Y9am-7 | € Jo

S159)J9 9y 'gd N=qIoD 'S¢

[9POW [e21103Y

uoljeINp UOIUIAIAU|

91IS)I0M "S10M
Jo 9dAy :() 4oquwinu syuedidinied

ubisap Apnis

uonuaAISIUI BY) Jo Klewwng

EaIVESET )]

(panunuod) g ajqey



Page 25 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

€C=NOD

¢ =N DI

(s9ako|dwa AIsIaAIUN)

SHoaMm g V=N

(%c1)

Isi-uaIs/uePIsAYd pue (%6 1) Bul
-SINU *(96/.C) UONBASIUIUIPE ‘(9%£€)
SI9YIOM [BDIUYDD) PUB [eDIPSIN 4
Syl =N9D

oFL =N Dl

(xSoakojdwa [eudsoy)

syuow 9 l6c=N

(1s°p) €1 =N DD

(9SI1D19X2 +%S39P) 91 =N O]

(s12Jom 32140)

SHOM {7 6C=N

sniels
Yijeay J1Iay1 uo 323yd 01 Apdauip
wiayl pa1deIuoD JO1RI|IDR) 33
%99M USAID B U] SUOISSSS OM]
1589 18 pUaNe 1,UpIp Jueddiied e
J1 INOMIOM UIUW-8 Y3 INoyHBNOIY3
$295 (7:5235 OF O3 pabueyd onel
1534 01 YIOM 31 '8—G Sy2am Bul
-INQ *(S|eAISIUL 1S3 HIOM S OE:0E
Buisn) uiw g bupse| sasiDIaxa
SSOUILY JB[NDSNW PUP DIGOISE JO
SUOIIPUIQUIOD SNOLIBA AQ PamO|
-|0} ‘dn-wiiem JO3ow-ssoib

UlWw-g B papN|oUl SUOISSIS

Bupyjiem pue

BuIMmo ‘BUIIAD Se YoNS ‘SAIAIDR
aADadsal J1ay) 1oy (318l sy
"Xew Pa1ewnsa ayi Jo %08-09
"xoldde) pjoysaiyy a1e1oe| 3y uo
paseq sabuel a1eJ 11eay PaAIRI3)
O] 9y ut syuedpined ayy
‘Bululely pazienpiAlpul 104
uopen(ead (eadzoA)

9yerdn usbAxo yead pue ‘([Iva]
x3pul Aljiqy o) Aujige

y1om uo paseq welboid yd

wesboid ssidiexa

90UBISISAU dAISS1001d B pUe YSop
SUIBS SIY1 Y1IM PUODISS 9yl pue
‘welboid 3sDI9XS U INOYIM
%S9P, PURIS-1IS, B UM SUO Sk 1
SI9I0M 940 Jo sdnoib ¢ Jo
uosuedwoD el [PUOIUSAISIUL
'DIZIWIOPUEI ‘PIWIE-OM ]

(8—1 SoaM) doam

/SUOISSSS | ||H Pa1el|1Dr)-19ydIeasal
€7 pus11e 0] PYSe a4am sjuedidn
-1ed ‘dNoIb |0JIUOD 1S||-}PM B YIM
(1DY) [Bl1 P3|[0IIUOD PIZIWO
-puel e sem ubisap Apnis ay

gnp> yijeay ade|d

-{1om 3sNoy-ul ayi 1e (aam Jad
ujw O€ Jels awp-1ed pue

S9am Jad Ui 09 Jeis auwn-||ny)
sinoy bupjiom Jiayy buunp bul
-ures1 J1ay1 Jo ued 919|dwiod 01
3|ge a1am D ay3 Ul syuedidiied
‘SYIUOW 9 12A0 (3oam sad shep

€ 15e3)] 1B JOJ SHUN UIW 09-07)
39am e Bujulel adueINpua Jo

ulw 01z wioyiad 01 sem uon
-UaAI21U] Buulel 3yl Jo wile ay |

S9PSNW 310D

uayibua.s 03 swwelboid as1219%
9oUeISISaI dAIssalboud pasiatadns
-1s1desayroisAyd e pars|dwiod o)
(wuopreid ajgeisnfpe 1ybiay
dopysap e 10 xsap 3|geisnipe
1ybIay D1103J9 Uk d1am suondo)
UO[1PISHIOM PURIS-1IS B YIIM
papiAoid a1am syuedidinied

020z 1Dy 101d

LIIH-40M 3y :22e|dyi0M ay3 01Ul
Bululely [eAsa1ul Alsualul

yb1y bunelbalu| ‘N Jayie3 ¢y

020Z LDy e Jo sisAjeue Ae
-puU0d3s B :UBIOM AIrIUSPaS pabe

-9|ppPIW Ul AMjige yiom uo Buluresn
ddueINPUS Pazijeuosiad yiuow
XIS JO 10947 "I H JaUUdS "L

6107 '|el1 SS9UDANIDYD
aAnesedwod 10)1d v :uted 3oeq
MO] JO SI 1B SIBIOM 3DLJO Ul
951219X3 INOYIM PUB YIM SUOI
-B1SYIOM puRIS-1IS Jo 1oedwi| pue
A S84\ UOISUYO( "OF

[9POW [e21103Y ]

91IS)I0M “S10M
uoljeinp uonuaAIRu|  Jo adAy :() 4aquinu syueddiaed

ubisap Apnis

uonuaAISUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) g ajqey



Page 26 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

SIOIM |

SYooMm g

a|youd pidi| pue ‘asoon|b
"(HI-YWOH) @2ueIsISay ulnsuj 1oj
JUDWISSISSY [9POA D11BISOWOH
‘(0-4NL) eyd|e-1010ej SIS0Id3u
Jowiny ‘(9 -1)) 9 -UIyNa}a3ul 1oy
pasAjeue aiam ssjdwes pooiq bul
-)se4 ‘Aysodipe [e1juad pue sseul
Ue3| ‘'ssew 1ej painseaw A13awo
-ndiosqy Kes-x ABisug jeng ued
1|0CPISW P BIA PRINSEIW SEM
Ayoeded 21qolIay "UOIUSAISIUL
-150d pue -21d passasse sem

0€=N"5D Yljesy S1j0GeISUWOoIples pue

67 =N O SH2IM | 10§ }2aM Jad sawipy

(SD1UuIapedR ,IAIDRUL) ¢ A|1oey 9)Isuo ue Je bulues
65=N pasialadns pauiopad |

d1el

1eay wnulixew paidipaid pue
obe 5103gns ay1 uo paseq

(4HL) 21eJ Lieay 19b1e1 BY3 SE
pa1e|ndjed sem Aysusiul buiutes
9dueINpuUa siuedidied yoeg
Jjiwipeai) e buisn pawopad sem
weJboid Bujulely adURINPUD

3y "UOISS3S Swies ayj ul buluies
y1buai1s pue adURINPUS JO
doueWIONd Y1 YIM ‘SHam
14012 SS0IOR SABP SAIINISSUOD
/=ND| -UOU UO oM Jad saull} om}

(s11om [eydsoy) SUOISSaS | D UIW 06—09 JO P3SIs
yL=N -UOD UOIUSAISIU 3SIDISXD 34|

L=N"5D

SOJWISPEIR 91
-DeUl Ul UOIRWIWRYUL DIWSISAS JO
SI9¥JPW pUB 3DURISISAI UI|NSU
‘uoisodwod Apoq ‘SWOIPUAS
21j0geIaW JO siusuoduod uo (1D)
Bujule} SID49X JUSLINDUOD JO
SYOIM 1| JO 12943 Y3 paiebiisaul
[e1) P3]|01IUOD pazZILOPUE] SIY |

siyiom |eydsoy buowe

(d7) a)youd pidij pue ‘(J0DYH)
3J1] Jo Aujenb paiejai-yajeay ‘(W)
Aljiqow jeuonuny ‘(442) ssauly
Kioyesidsaiolpied ‘(SI) yibuans
3PSNW JAAO (J3) ,J210eIRYD
1103, JUI3IP YuM (1D) Buluren
JUS1INJUOD JO SY9aM 1YbI9 JOo
suesbold omi Jo 19349 ay3
SUIWIIBP 0} paulie | DY SIyL

€C0C 1euL

P3]|0AUOD) PasiWopuRY e 'SOlWsp
-BDY 9AIDBU| Ul SWOIPUAS 1jog
-B13|\ JO s3usuodwod) pue uop
-eulue U] 1WR1sAS ‘uonisodwod)
Apog uo Bululel] 951219x3 Judl
-INdUOD) JO S1097 "IS WeybiH i

Lcoc

SYNSaY AIRUIUI[RIJ ‘SIDNIOM
|eudsoH buowe 3jyoid pidi] pue
'3J171J0 AljenD palejoy-yiesH
'SSaU1IS [BDISAUJ J9A0 Ja1deleyD)
1047 3UaJRyIg Yum welbold bul
-UlBJ| 3US1INDU0D) YaapA-1ybig ue Jo
S199443 "] oeq||ig-zaiad ‘€

[9POW [e21103Y ]

uoljeINp UOIUIAIAU|

SUSHIOM SI0M

Jo 9dAy :() 4oquwinu syueddilied ubisap Apnis

uonuaAISUI BY) Jo Klewwng

EaIVESETE)]

(panunuod) g ajqey



Page 27 of 44

(2025) 25:1827

Grimaud et al. BMC Public Health

|_14} P3)[043U0D pzZIWOpUERY

1Dy ‘@5ud1a)9y Jay ‘K1oayy Adesay) jeroineyaq aaniubod 1 /gD ‘9bueyd Joineyaq yijeay Jo [opow [ed11a10ayisued] | ‘A109y1 aAiubod [e1dos [ s ‘dnoib 013uo) 5 ‘dnoib uonuaniaiu| oy ‘Kuaide [edisAud vd :suoipaiqqy

syuow 7|

SIAIIOW ddUBUSIUIRW
10IARYS( JO 9oUas21d pue W1sAS
g-WOD 9Y3 U0 paseq paien|eAd
2J9M S3lljenb adueuslueW pue
abueyp |elolneyaq ‘DduUIYpPY
“(Buiutesy Aujiges Apoq ||ny ‘uon
-eypawl ‘bujulesy undip “69)

SWI1 WS U1 18 PO SIIUAIDR
19410 AUR 3500 0} 9914 219M

D) 3y} ul siuedpinied ‘syjuow

71 pue ‘g Jaye ‘buiuulbaqg sy e
PaINSeaW 249M SINSSI yoeq pue
‘Burag-|lam ‘Yibuais ‘AjiIqoy
}99M B 2DIM] 153 1R U | JO
Buluies) 14501 e pIp O] YL

Bul|joIus JO swi Y3 18 YoM Jad
SU0Issas buiulely bupueyus
A)|IqouW JO/puUe 9|PSNW OM]

UBY} SS9 JO UOIINDaXa pue uoled

-N220 A1eIuapas Apueuiwopaid e
2J9M BLISYID UOISN|DU| “SoDURIR)RId
UMO 1943 uo (5D) dnoib |011u0d 4o

(©]) dnoib uonuaiaiul U a1edpPi

-Jed 01 pa1IAUl 219M Sa9/L0|dWIT
ubissp uon

-U3AI21U| P3]|011U0D ‘9A1123dS0Id

207 ApN1s UoluaAIUI
‘|leuipn1bUO| ‘Pa]|0IUOD ‘DAl
->adsoid Jea-auo e :uoUSAISIUI
yijeay aoe|dyiom e se 1145501 —
Apnis-I4Xpa YL 1 puelg ‘G

[9POW [e2103Y ]

uoljeinp uonusAIu|

91ISHI0M S10M
40 9dAy () 4oquinu syuedpiyied

ubisap Apnis

uonUAAI}UI BY} Jo Klewwing

ERIVEIET ]

(panupud)  3jqey



Grimaud et al. BMC Public Health (2025) 25:1827

Page 28 of 44

Table 3 NSPAP RCT program results: high quality RCT with significant effect size results

Intervention duration Reviewed Min-Max number

Min-Max Adherence

Compliance at the Significant Effects Size: increase

RCT of participants/RCT (IG) at the end of the end of program PA and/or motivation and/or
Programs group program (min-max rates) health outcomes
(] CcG
1-2 months 7 29-655 48-97% 60-100% 76-99% 7/7
3 months 7 29-2121 51-100% 64-98%  48-98% 6/7
4-6 months 9 60-800 25-100% 60-100% 58-100% 6/9
9 months—1 year 5 188-853 45-85% 54-95% 25-93% 5/5
2 years 1 342 72% 84% 88% 11
Total 29 29-2121 25-100% 54-100% 25-100% 25/29(46)

RCT Randomized controlled trial, /G Interventional group, CG Control group

Physical activity program interventions description
Forty-six randomized controlled trials (RCTs) assessed

an NSPAP implemented in the workplace

All these interventions were comparative studies, except
for three that were longitudinal [110-112]. Most of these
interventions  included more than 100 participants,
and five [113-117] included over 1,000 individuals. In
most cases, the participants were office workers. Three
included exclusively manual workers [67, 118, 119] and
four interventions were conducted in a care setting [69,
120-122].

There were also studies conducted in any type of work
environment setting, usually with a multicenter enroll-
ment and a large number of participants [110, 113-115,
117, 118, 123-133]. Other studies included a small num-
ber of subjects, fifty or less [134—137].

Regarding intervention duration, only a few interven-
tions lasted over one year. The studies by Aittasalo M.
et al. [110], Plotnikoff RC et al. [125] Robroek SJW et al.
[138] and Hallam JS et al. [139], lasted one year. The
remaining interventions lasted from a few weeks to a few
months, with a total of 75% of interventions lasting <6
months.

Twelve interventions included an informative program
systematically combined with a behavioral or motiva-
tional component, except for one intervention [110].
In about half of the cases, the informative program was
clearly separate from the behavioral/motivational pro-
grams, while other interventions mixed the different
components, for example individual interviews [111, 124]
or guides/booklets provided to employees [69, 123, 125,
130, 134, 140, 141].

Seventeen interventions included a behavioral pro-
gram, which mainly consisted of PA objectives that
increased progressively over the course of the interven-
tion, combined with behavioral strategies to achieve
them more easily. The goals were defined and their evolu-
tion was assessed on an individual basis during the inter-
vention, in particular during individual interviews with
“facilitators” [111, 115, 118, 119, 125, 140, 142].

Sixteen interventions included an incentive compo-
nent, mostly in the form of self-monitoring of PA using
a pedometer. Pedometer data could be used to adjust the
behavioral component of the program [67, 71, 110-114,
118-121, 126-128, 132, 134, 143, 144], to set up chal-
lenges [112-114, 119, 120], or to obtain material and
financial rewards [69, 71, 113, 114, 126—128, 143].

Table 4 SPAP RCT Program Results: high-quality RCT with significant effect size results

Intervention duration  Reviewed Min-Max number Min-Max Adherence (IG) at Compliance at the Significant outcomes:
RCT of participants the end of the program end of the program Increase PA, and Health
Programs (min-max rates) outcomes

1G cG

1-2 months 10 29-213 26-96% 60-96%° 59-100% 10/10°

3 months 6 30-294 45-85% 59-100%  17-99% 6/6

4-6 months 9 59-537 33-81% 52-87% 69-97% 9/9

9 months- 1 year 3 82-389 56-78% 53-72% 69-82% 3/3

Total 28 29-537 26-96% 52-100% 17-99% 28/28(45)

RCT Randomized controlled trial, /G Interventional group, CG Control group

@ Compliance was also evaluated 15 months after the end of program for one RCT: IG(SUP): 15/25 (60%) vs CG(CON): 19/25 (76%) (Supplementary File 2; ref. n°36;

Hunter JR, 2018)

b With maintenance effect at 6 months and 12 months follow-up for one RCT (Supplementary File 2; ref. n°39; Krebs S, 2019)
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Table 5 Key differences between SPAP and NSPAP based on effect sizes (Cohen’s d & n?)

Aspect NSPAP (Non-Supervised)

SPAP (Supervised)

Large Effect Sizes
(d>080rn?>0.14)

- Mansi S. (2015): Step count (d =1.94),
self-reported PA (d =2.57)

- Metcalfe RS. (2020): VO2 max (d =1.4)

- Samuels TY. (2011): 10,000-step goal (d
=1.1)

- Hallam JS. (2004): Exercise days per week
(n?=0.56), self-regulation (n?= 0.64)

- Mainsbridge CP. (2015): MAP reduction
(n’=067)

- Gazmararian JA. (2013): d=0.61—0.80

- Raedeke TD. (2017): d=0.73—0.77

- Dishman RK. (2009): d = 0.60

- Hallam JS. (2004): Self-efficacy (n*= 0.06)

Medium Effect Sizes
(0.5<d<08or
0.06 <n?<0.14)

Low Effect Sizes
(d <05 0rn?<0.06)

- Plotnikoff RC. (2005): d< 0.2
- Hunter RF. (2013, 2018): d=0.3,

R?=0.56—0.76, SRMR close to zero

- Brunet J. (2020): n?= 0.022

- Brandt T. (2024): Mobility (d =3.3), Strength (d =1.7—2.5)

- Eather N. (2020): Standing jump (d =1.12),

HIIT self-efficacy (d =1.57), Sleep (d =1.05)

- Hunter JR. (2018): Cardiorespiratory fitness, knee flexion strength (n2= 0.16—0.41)

- Nichols JF. (2000): Energy expenditure (d =0.98), Moderate-intensity PA (d =0.71)
- Matsugaki R. (2017): VO2 max (d =0.76), Strength (d =1.34)

- Cuthbert CA. (2016): Mental health (d =0.74), PA levels

(d=0.80)

- Mair JL. (2014): Cardiorespiratory fitness (d =0.71)

- Stenner HT. (2020): VO2peak (n? = 0.09)

- Jakobsen MD. (2015): Pain reduction (d =0.31)

- Higham SM. (2023): Fat mass (d =0.109), VO2peak (d =0.296)

- Brand R. (2006): Quality of life (d =0.27), Psychological well-being (d =0.23)

- Krebs S. (2019): PA > 45 min/week [%)]: pZ: 0.032, significant increase PA level

in the IG vs CG: 43 vs 36 min/week at baseline, 71 vs 77 min/week, at the end

of the program; 95 vs 70 min/week, with maintenance effect at 6 months and 12
months after the end of program

Abbreviations: PA Physical activity, MAP Mean arterial pressure, MVPA Moderate/vigorous physical activity MET minutes, BMI Body Mass Index, /G Interventional Group,
CG Control Group, ES Effects Size, d Cohen’s d value, p? Eta Squared value, R? Squared multiple correlation (R*= 1 - residual sum of square/total sum of square), SRMR
Standardized Root Mean Square Residual (range from zero to 1.0 with well fitting models obtaining values less than 0.05 (Byrne, 1998; Diamantopoulos and Siguaw,

2000), values as high as 0.08 are deemed acceptable (Hu and Bentler, 1999)

Forest Plot of Cohen’s d Effect Sizes for SPAP (Blue) and NSPAP (Red)
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Funnel Plot of NSPAPs and SPAPs
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Fig.4 Funnel plotillustrating the distribution of Cohen’s d effect sizes and standard error for SPAP and NSPAP group

Thirty seven interventions (81%) were based on a theoretical
model
The most frequently used theoretical model is the social
cognitive theory (SCT), nine interventions [69, 129, 130,
134, 139, 144-147]; six interventions were based on the
transtheoretical model of health behavior change (TTM),
[119, 123-125, 141, 148]; two on SCT/TTM combined
[116, 140]; six studies were based on the learning theory
[71, 121, 126, 127, 143, 149], seven studies on the self-
determination continuum theory [118, 120, 121, 132, 142,
150, 151] two studies on the goal-setting theory [113,
114], two studies on the theory of planned behavior [114,
132], and one study combined SCT, TTM and theory of
planned behavior [116]. One intervention was based on
the behavior change wheel [152], one intervention was
based on the socio-interactionist theory [131], and one
intervention was based on the motivational interviewing
theory [153].

For three interventions, the theoretical model was not
used to design the intervention, but only to assess some
of the endpoints [121, 126, 134].

Forty-five RCTs assessed an SPAP (tailored program)
implemented in the workplace

All these studies were comparative, except for two that
were longitudinal [135, 154]. Thirty-five studies com-
pared an intervention group (IG) to a control group

(CQ), receiving either no intervention or a minimal
intervention (e.g., a single message encouraging partici-
pants to participate in sufficient PA), while six studies
compared different PA programs with each other [106,
155-159]. Three studies were nested studies from RCTs
[109, 160, 161]; one study was a nested study from a
RCT with a qualitative approach [109].

Twenty-one studies included fewer than 100 employ-
ees, five included more than 500 employees [154—156,
162, 163], and the others included an intermediate pop-
ulation of a few hundred participants.

Twenty-six studies were conducted in office worker
populations, one in office care and manual workers
[154], nine in manual worker populations such as lab-
oratory technicians [162-164], women cleaners [157,
165, 166], industrial sectors [164, 165, 167], seven in a
healthcare setting[136, 161, 168-172], others on mili-
tary and/or civilian staff [173-175], university employ-
ees [88, 135, 137], university home and work place
training [176], casino employees [177], and sitting
workers [178].

Eighty-three per cent of the interventions lasted <6
months, and five interventions lasted >1 year [154,
155, 160, 179, 180].

With two exceptions [109, 176], all the proposed
interventions consisted of PA sessions in the workplace,
during the working time (or counted as working time),
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and were supervised by a professional sports educator.
They mainly differed in their organizational mode:

All were strictly organized (training volume, inten-
sity, type of exercises, session timing and group com-
position were determined by the experimental protocol
and assigned to the participants), one had a flexible
organization [109] that left the employees freedom
regarding most of the protocol’s components (choice of
exercises, session timing, training volume and intensity,
etc.), whilst the others were characterized by an inter-
mediate organization (freedom for certain components,
constraints for others).

Two intervention programs [181, 182] were based
on two socio-cognitive theories (TTM and SCT). One
intervention program [157] was based on cognitive
behavioral theory.

Two interventions combined an incentive component
with PA sessions, such as material rewards [177] or the
use of a pedometer [135].

Adherence analysis

Adherence was assessed differently across studies, with
most NSPAPs quantifying adherence in terms of changes
in PA, such as changes in the number of daily steps dur-
ing the intervention [109, 116, 119, 128, 141, 169, 183,
184], whereas SPAP programs assessed adherence in
terms of participation in sessions, volume of exercices
performed, anthropometric/cardiorespiratory param-
eters, blood pressure, plasma biomarkers or ergonomic
office layout [135, 163, 175, 181, 182, 185].

The impact of the baseline PA level on adherence was
assessed in fourteen publications (eight assessing a
NSPAPD, six assessing a SPAP), with a positive correla-
tion in nine publications: five assessing an NSPAP [69,
112, 121, 129, 141] and four assessing an SPAP [106,
135, 167, 186]. PA level at baseline was not significantly
correlated with adherence in three NSPAP studies [110,
111, 113] and two SPAP studies [154, 177].

Eleven studies analyzed the relationship between the
baseline health level and adherence (four assessing an
NSPAP and six assessing an SPAP).

Six publications found a positive correlation: four
concerning NSPAPs [115, 124, 129, 130] and two con-
cerning SPAPs [106, 165]. Five publications found no
significant correlation: three assessing an NSPAP [110,
112, 126], and two assessing an SPAP [158, 177]. One
study found a negative correlation due to musculoskel-
etal disorders at baseline [158].

The association between adherence and the change in
employees’health status during the intervention was also
analyzed in ten studies. One study assessed an NSPAP
and showed a positive correlation [146]. Eight studies
assessed SPAPs, and six found a positive correlation
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[105, 109, 137, 160, 161, 173] while two found no sig-
nificant correlation [155, 158].

The impact of the baseline Self-efficacy on
participantsadherence was assessed in nine studies
(seven studies on NSPAPs and two on SPAPs). Self-
efficacy at baseline was found to be a positive factor for
adherence in three studies (NSPAP: [127, 129]; SPAP:
[156]), while one study (SPAP: [163]) found no signifi-
cant correlation.

Five studies (NSPAP: [114, 116, 118, 139, 142]) high-
lighted a positive correlation between increased self-
efficacy and adherence to the NSPAP, while one study
(NSPAP: [128]) found no significant correlation between
increased self-efficacy and the employees’adherence.

One study showed that external motivation (“I feel
under pressure from my family/friends to exercise”) and
identified motivation (“I value the benefits of exercise”)
increased PA level until week three [121].

Based on TTM or SCT theory, two studies showed that
being at a stage of change, as close as possible to “mainte-
nance stage’, correlated with good adherence [119, 140],
while another study showed that “having an inactive/
precontemplation status” at baseline increased PA level
[141].

The effect on adherence of the intervention’s behav-
ioral components was assessed in five NSPAP and two
SPAP programs. In three NSPAPs [118, 124, 144], the
presence of a behavioral program was associated with
increased adherence; the other studies found no signifi-
cant correlation.

The impact on adherence of a motivational program
was assessed in four studies (on NSPAPs). One study [134]
assessed the association between self-monitoring of PA
using pedometers and adherence and found a positive
correlation. Two studies assessed the association between
adherence and financial rewards in the long-term follow-
up [128, 143] and found no significant correlation. One
study [120] assessed the effect of challenges on adherence
and found no significant correlation.

Four publications (NSPAP programs) assessed the effect
of adapting the intervention according to the principles
of theoretical models. One study (SCT model) found sig-
nificantly higher adherence among employees who par-
ticipated in a program that was adapted to closely follow
social cognitive theory [144], while another study (TTM
model) highlighted that the stage-matched intervention
outperformed the active control condition for physical
activity, nutrition and psychological variables (physical
activity intention, nutrition intention, nutrition plan-
ning) [123]. Two studies, however, found no significant
correlation between the adaptation of the program to the
employees’stage of change (transtheoretical model) and
adherence [125, 140].
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Four SPAP programs [136, 137, 156, 159] assessed the
impact of session supervision on the employeesadherence
and found no significant correlation. Yet it is interest-
ing to observe that “minimal exercise supervision” could
have a significant effect on health during a 20-week inter-
vention [159].

Two studies found a positive correlation between strict
session organization and the employeesadherence [155,
168], whereas one study highlighted that unexpected
events in the program (absence of the instructor, change
in instructor) led to negative correlation [157].

Several studies found a positive correlation
between the flexibility of session organization and the
employees’adherence [109, 130, 150, 152, 157, 187].

Twenty-three studies included an assessment

of the relationship between occupational organizational
factors and the employees’adherence

Eight studies on NSPAPs [113, 117, 122, 127, 130, 131,
142, 146] and eight on SPAPs [109, 154, 155, 157, 168,
169, 177, 188], assessed the impact of the working envi-
ronment, and found a positive correlation. Workload was
found to be a negative factor for adherence (lesser adher-
ence with greater workload) in two studies (SPAP: [109],
NSPAP: [130]).

Comparative analysis of the systematic review
results

The analyzed studies fall into two categories: supervised
physical activity programs (SPAP) and non-supervised
physical activity programs (NSPAP). SPAPs involve direct
supervision by a coach or an organizational structure,
whereas NSPAPs rely on autonomous interventions such
as motivational messages or tracking tools. Supervised
and unsupervised studies show results of high variability
in terms of adherence and compliance (Tables 3, and 4).
In the latter, adherence varies based on initial motivation
and organizational support, while individualized adjust-
ments can improve effectiveness despite implementation
complexity (Hallam JS, 2004; Opdenacker J, 2008; Dish-
man RK, 2009; Andersen CH, 2012).

The factors influencing adherence to physical activ-
ity programs fall into three categories. Individual factors
include the initial level of physical activity (Macniven
R, 2015; Losina E, 2017; Genin PM, 2018; Corbett DB,
2018; Brunet J, 2020), motivation, and self-efficacy (Hal-
lam JS, 2004; Kaewthummanukul T, 2006; Dishman RK,
2010), as well as the use of behavioral tracking tools
such as pedometers (Finkelstein EA, 2016; Murrray JM,
2019 and 2020). Interventional factors show that pro-
grams with regular support and progressive goals pro-
mote better adherence (Dishman RK, 2010; Raedeke TD,
2017). Finally, organizational factors play a crucial role:
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management involvement, work schedule adjustments
significantly increase participation (Gazmararian JA,
2013; Bale JM, 2015).

The measured effects of interventions include physical
health, psychological and social well-being, and organiza-
tional impact. Physical activity increases by an average of
10-20% in MET-minutes per week, and sedentary behav-
ior decreases (Plotnikoff RC, 2005; Opdenacker J, 2008).
Cardiovascular benefits are observed, such as a 5% reduc-
tion in BMI and a 10 mmHg decrease in blood pressure
(Proper KI, 2003; Mainsbridge CP, 2015). Psychologically,
stress decreases by 20%, while professional engagement
increases by 15% (McEachan RRC, 2011; Jakobsen MD,
2015). Finally, organizational effects include a 10% reduc-
tion in absenteeism and a 5-10% perceived increase in
productivity (Nurminen E, 2002; Justesen JB, 2017; Welsh
A, 2020; Stenner HT, 2020).

SPAP programs show high-effect-size (Hunter JR.
(2018), Brandt T. (2024), Eather N. (2020)). NSPAP inter-
ventions are more variable—some programs show large
effects (e.g., step count, VO2 max), but many are low to
moderate in impact. n* values for self-regulation (n*=
0.64) and MAP reduction (n*= 0.67) in NSPAP stud-
ies suggest that behavioral-focused interventions can be
effective without supervision (Table 5).

SPAP leads to better physiological Improvements,
while NSPAP enhances behavioral outcomes. SPAP pro-
grams show greater improvements in strength, mobility,
and cardiovascular fitness. NSPAP programs with high
adherence (e.g., Hallam JS. 2004) show significant behav-
ioral changes but may lack the physiological benefits of
structured, supervised training. Large n? values in self-
efficacy (n>= 0.06) and motivation (n*>= 0.022) in NSPAP
suggest stronger psychological engagement, but not nec-
essarily lasting physical changes.

NSPAP (Non-Supervised Programs) show greater
variability but includes some of the largest effect sizes
observed (Mansi S. (2015): Step count (d =1.94), self-
reported PA (d =2.57) Metcalfe RS. (2020): VO2 max
(d =1.4), Samuels TY. (2011): 10,000-step goal (d =1.1).
Hallam JS (2004) and Mainsbridge CP (2015) reported
n*> 0.5, indicating very large effects on exercise adher-
ence and health indicators. Hunter RF (2018), n*= 0.06,
indicate a moderate effect on physical activity mainte-
nance. Murray JM (2019), n?= 0.54, indicating a large
effect related to engagement with intervention compo-
nents (Table 5).

Studies like Hunter RF. (2018) reported R? values of
0.56—0.76, indicating a strong intervention model, even
though Cohen’s d effect sizes were small. Brunet J. (2020)
(n?= 0.022) and Krebs S. (2019) confirm that low-mag-
nitude effects exist even in well-structured interven-
tions (n*>= 0.006). Dropout rates remain high in NSPAP,
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suggesting that long-term behavioral change without
supervision is more challenging (Table 5).

Conclusion and limitations: supervised (SPAP) vs.
non-supervised (NSPAP) RCTs

SPAP interventions produce more consistent, higher
effect sizes (both d and 1?), particularly for physiologi-
cal health outcomes. The structured supervision ensures
better adherence but does not always lead to the highest
effect sizes (Figs. 3—4).

NSPAP interventions can be effective in behavioral
change and self-regulation but are highly variable and
often lack long-term adherence (Figs. 3—4).

Eta Squared (n?) data confirms that some NSPAP pro-
grams (e.g., Hallam JS. 2004, Mainsbridge CP. 2015)
achieve strong results, particularly in self-efficacy and
adherence.

R? and SRMR suggest some NSPAP models are well-
structured but experience high dropout rates.

SPAP confirmed physical health improvements, while
NSPAP interventions show higher variability but can
produce very large effect sizes when engagement is
strong (e.g., Hallam, Mainsbridge, Murray). However,
they also risk lower long-term adherence due to the lack
of supervision.

The main limitations of the analyzed studies include,
the lack of long-term follow-up, methodological hetero-
geneity, wide variability on results, and the lack of explo-
ration of cultural or sectoral differences (Taylor, 2016;
Losina, 2017; Fernandez La Puente de Battre, 2020; Met-
calfe, 2020; Eather, 2020; Perez-Bilbao, 2021). To improve
future research, it would be recommended to integrate
additional indicators of motivation and perceived bar-
riers, deepen the analysis of organizational impact, and
compare program effects across different professional
contexts (Bredahl, 2015; Krebs, 2019; Murray, 2020; Sten-
ner, 2020; Welsh, 2020; Higham, 2023).

Discussion
The objectives we set for this study have been achieved,
namely that:

Firstly, our review confirmed two main types of inter-
ventions/programs/RCT: supervised/tailored PA pro-
grams and non-supervised PA programs. Supervised
studies tend to show better results. This is probably
explained by the greater complexity of the implementa-
tion of the programs based on different socio-cognitive
theories. Moreover, we have excluded from these tables
studies with very low participation rates [172, 189] or
studies showing a non-statistically significant trend
towards improved health or aerobic capacity [150].

Secondly, based on our literature review, the main fac-
tors for adherence emerge as baseline PA level, health
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level, individual self-efficacy, the use of a behavioral com-
ponent consisting of individual counseling, the individual
adaptability of the program at the intervention level, the
workload, and the quality of the working environment at
the organizational level: these key results are summarized
in Table 6.

Thirdly, our review highlighted two parameters used in
a differentiated or undifferentiated way in RCTs: adher-
ence and compliance. We therefore considered that
adherence was the commitment of employees to partici-
pate in sports activities (with or without incentive meth-
ods) within or outside the company. Compliance refers
to the number of subjects still present in the study at the
end of the intervention program, compared to the num-
ber of subjects included in the study after randomization.
We therefore chose to consider these two parameters in
our result tables.

Individual factors

Baseline PA level was found to be a positive factor for
adherence in most publications included in this review.
This finding is in line with the literature: employees
who participate the most in PA programs are those who
already have a good PA level [93-95]. However, this
finding can be balanced, especially with respect to PA
programs. Indeed, the studies that found a positive corre-
lation between baseline PA level and adherence assessed
PA programs consisting of high-intensity exercises from
the beginning of the intervention, with little or no indi-
vidualized support. Conversely, a study that found a
significant effect on physical health assessed programs
consisting of moderate-intensity exercises, such as walk-
ing sessions, that were accessible to most people [154].
Thus, while it clearly appeared that PA promotion pro-
grams were more likely to be adopted by employees who
were already physically active, it was possible to achieve
the same adherence in inactive employees provided that
the programs were well adapted; indeed, inactive employ-
ees were more inclined to participate in workplace.

PA programs that did not require taking part in a spe-
cific class or attendance at a gym and which involved
accessible activities like walking.

The baseline health level (before the intervention) was
also identified as a positive factor for adherence. This is
consistent with several previous studies that have found
that employees participating in PA promotion programs
were healthier than those who did not [93, 94, 96, 197,
198]. However, some interventions included in this
review showed conflicting results, including programs
specifically targeting distinct health problems such as
musculoskeletal disorders [158, 162] and programs with
individual counseling and support sessions [111, 177].
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Table 6 \What this literature review contributes, and what this literature review has to offer for future research, or entrepreneurial and/

or political projects

What this literature review contributes Main references: authors, years Ref. number

- Adherence Factors

PAP adherence is correlated with baseline PA level SPAP
Brand R, 2006; [167],
Genin PM, 2018; [186],
Corbett DB, 2018 [135]
NSPAP
Marshall AL, 2003; Gazmariaran JA, 2013; [129,141]
Macniven R, 2015; Losina E, 2017; [69,112],
Brunet J, 2020 [121]

Management, psychosocial factors (work autonomy, work place, SPAP

workload and interpersonal relationships at work) played a central Atlantis E. 2006: Andersen LL 2008: [155,177]

role in employees'participation in a PA promotion program.Example ' ' ' ' '

of organizational actions (Stenner HT, 2020): personal guidance and Van Wormer JJ, 2012; Jergensen MB, 2012; [154,157]

regular contact between participants and the supervisor were likely to Bredahl TVG, 2015, Andersen LL, 2015; [109, 188]

be.helpfu/for strong comp//'qnce,ExampIe of organizational act{ons Jakobsen MD, 2015: Stenner HT, 2020. [168, 169]

(Dishman RK, 2009): 1. Senior management endorsement. 2. Joint

employee—-management steering committees. 3. Group and organiza- NSPAP:

tional goals and incentives for each worksite. 4. Environmental prompts  Dishman RK 2009; [113]

such as parking and walking, taking walk breaks, and climbing. Van Hoecke AS 2013; [142]
Bale JM, 2015; Lawton R, 2015; [117,130]
Carr JL, 2016; Chaélat-Valayer E, 2016; [122, 146]

Murray JM, 2019. [127]

Tosta Maciel RRB, 2021 [131]

Short time PA program could promote adherence to PA Mainsbridge, 2015; Taylor WC, 2016, [147,148]

Adherence to the short-burst office-based PA (10 mn per day) are Thagersen-Ntoumani C,2020; Metcalfe RS, 2020 [132,190]

facilitated by educational lectures, instructions on performing appro-

priate workplace PA, and information on how to use the intervention

software”. Mainsbridge, 2015

There is a positive correlation between the work organization’s flex- Jorgensen MB, 2012; Andersen LL, 2013 [157,187],

ibility and/or stability and the employees'adherence Bale JM, 2015; Bredahl TVG, 2015; [109, 130],

High staff turnover negatively impacts retention and completion rate  Morris AS, 2021; [152],
Tosta Maciel RRB, 2021 [131],
Althammer SE, 2023 [150]

Self-efficacy appeared to be a leading factor for adherence (self-effi-  Hallam JS, 2004; Kaewthummanukul T, 2006; [139,191],

cacy is the belief that an individual has the ability to perform a task) Dishman RK, 2010 [114]

Financial incentive programs did not improve adherence/PA out- Hunter RF, 2013 [143]

comes Finkelstein EA, 2016; [127,128, 149]
Murray JM, 2019, 2020

Financial incentive programs could improve adherence Fernandez La Puente de Battre MD, 2020 [192]

« Financial incentives do not necessarily diminish more internal forms

of motivation when delivered as part of a complex multicomponent

behavior change intervention»

Adherence/compliance at the RCT endpoint might be better Fernandez La Puente de Battre MD, 2020; Raedeke TD, 2017 [192],

in the control group [144]

Programs such as Work-HIIT, REHIT, which required very little time, Mair JL, 2014, [176],

space, or resources provide support for those programs to be trialled ~ Metcalfe RS, 2020, Eather N, 2020; [88, 190]

in other workplace settings

Most RCTs show a drop in adherence at the end of the intervention Finkelstein EA, 2016 [128]

A low level of adherence could be explained by a lack of privacy, Tudor-Locke C, 2014 [193]

absences, rigidity of the schedules

- Positive Health Outcomes Factors

Interventions should be implemented for at least 3 months, Stenner HT, 2020 [169]

with a goal of at least 5 h per week

Long-distance follow-up is necessary to sustain the positive effect Morris AS, 2021 [152]
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Table 6 (continued)

What this literature review contributes Main references: authors, years Ref. number

Health effects (blood pressure, body fat, respiratory capacity, well- Mc Eachan RRC, 2011 [115],

being) are confirmed in supervised (tailored) and unsupervised stud- ~ Stenner HT, 2020 [169],

ies based on social-cognitive theories Metcalfe RS, 2020 [190],
Althammer SE, 2023 [150],
Higham SM, 2023 [174]

Expected effect size on health outcomes are medium to large accord- SPAP: [167,182],

ing to high quality RCT results Nichols JF, 2000; Brand R, 2006; [136,168],

"Cardio-metabolic risk improved in the intervention group only with a  Jakobsen MD, 2015; Matsugaki, 2017; [137,184],

large effect size (Cohen’s d = 0.36). Autonomous motivation Hunter JR, 2018; Faes Y, 2018; [181],

increased in both conditions IG/CG. Step counts, standing, and sit- Krebs S, 2019; [169]

ting time, or well-being are improved on the IG with a low effect size”  Stenner HT, 2020 [67,146, 148]

Thegersen-Ntoumani C, 2020 NSPAP: [132]
Mansi S, 2015; Mainsbridge, 2015;
Carr LJ, 2016; Raedeke TD, 2017;
Thegersen-Ntoumani C, 2020

Supervised/Tailored RCT interventions during work significantly Andersen LL, 2008; Zebis MK, 2011; [155,162]

improve neck, scapular, elbow, wrist and/or musculoskeletal pain Jorgensen MB, 2012; Andersen CH, 2012; Rasotto C, 2013; [157, 158, 194],
Gram B, 2014; Zebis MK, 2014; [159, 195],
DalagerT, 2015; Jakobsen MB, 2015,2017; [156, 161, 168],
Murray M, 2017; Faes Y, 2018 [175,184]

Non-supervised RCTs improve Return to Work after work muskulo- Park J, 2018 [153]

skeletal disorders

Supervised/Tailored RCT interventions during work significantly KeadingT, 2017 [178],

improve low back pain Johnston'V, 2019 [196],
BrandtT, 2024 [180]

Projects involving at least one hour of moderate-to-high-intensity Mansi S, 2015 [67]

physical activity per day within the company, combined with a leisure

activity, seems the most balanced

Worksite interventions that include environmental supports CarrLJ, 2016 [146]

like “activity-permissive workstations”are more effective than those

that do not

Wearable fitness trackers such as Fitbit and MapTrek can help improve Gremaud AL, 2018 [174]

performance initially, but there is a rapid decline in their effectiveness

over time during the intervention

E-Health education programs for workers should include flexibility Tosta Maciel RRB, 2021 [131]

of content and low expectations regarding compliance with dead-

lines for participation in activities

E-Health education programs may be effective in improving office Tosta Maciel RRB, 2021 [131]

workers'quality of life, PA, general health

Website non-usage/attrition predictors are: low perceived availability — Murray JM, 2019,2020 [127,149]

of PA in the workplace, financial incentive, low EuroQol Health index;

Pedometer use predictors are: regulation, self-efficacy, perceived

workplace environment safety

Motivational Interviewing Interventions could help Return To Work Park J, 2018 [153]

for claimants attending an occupational rehabilitation

Therefore, interventions should be part of a broader, long-term cor- Hunter JR, 2018; [137],

porate and/or political project with or without direct supervision

Tripodi D, 2025

BMC Public Health

In both cases, it is likely that employees with the poorest
health status were more aware of the benefits of partici-
pating in such programs, either because they felt directly
concerned or because the intervention content could be
adapted to them [199]. In the literature, we noted that the
interventions that successfully targeted employees with
the poorest health status [119, 157, 200] were character-
ized by adapted communication before the beginning of
the intervention, highlighting the link between physical

inactivity and work-related health problems as well as the
expected benefits of such an intervention.

Improvement in health indicators during the inter-
vention was also significantly associated with adher-
ence. Indeed, it may be considered that good adherence
increases the effectiveness of the intervention and thus
enhances improvement in health indicators related to the
practice of PA (body mass index, VO,, resting heart rate,
and so on). It may also be considered a phenomenon of
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positive reinforcement: a significant and early improve-
ment in certain health indicators encourages the
employee to continue participating in the intervention,
for example by increasing comfort when practicing the
exercises (improved exertion tolerance, reduced muscu-
loskeletal disorders). An early improvement in indica-
tors was associated with a higher adherence in the long
term after the intervention [105, 186] or even remotely
[201]. The improvement in health indicators also
increased the benefits of PA perceived by employees, as
confirmed by a literature review that observed that the
perceived health benefits of PA directly correlated with
employees’participation [191].

Self-efficacy appeared to be another leading factor for
adherence. Since self-efficacy is the belief that an indi-
vidual has the ability to perform a task [73], this seems
consistent. The importance of self-efficacy in the practice
of PA has been shown in several studies, and a literature
review has even concluded that self-efficacy was the best
predictor for employees’participation in PA in the work-
place [191, 202-205]. There was also a phenomenon
of positive reinforcement, with a correlation between
increased self-efficacy and adherence. This finding is sup-
ported by the social cognitive theory, according to which
the main component of self-efficacy is self-control or a
control experience, i.e., success in past personal experi-
ences [109]. Thus, successfully initiating PA from the
start of the intervention could be a control experience,
reinforcing the employees’self-efficacy and thus their
motivation to continue the promotion program.

The level of the employees’stage of change, according
to the transtheoretical model was not significant, either
in terms of the impact of the employees’initial stage of
change on their adherence, or in terms of the impact of
intervention adaptation based on the stage of change at
baseline [206]. The five stages of change correspond to
different levels of determination to change a behavior,
and are thus considered by several authors as impor-
tant levers to increase the effectiveness of PA promotion
programs in the workplace [207-211]. However, it was
observed that the stage of change primarily determined
the initiation of a behavior change, i.e., the initial com-
mitment to a PA promotion program in the workplace,
rather than maintaining this new behavior, i.e., the adher-
ence to the program [138]. Taking into account the initial
stage of change is therefore insufficient, and it is espe-
cially important to adapt to the evolution in the stage of
change during the promotion program.

Interventional factors
Individualizing the intervention, whether through indi-
vidual counseling sessions, flexibility in the organization
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of exercise sessions, or adjustment of session supervision,
is associated with better adherence of the participants.
This finding was reported by several authors [212, 213].
The other features of the intervention, such as session
supervision, location of the intervention or the existence
of material rewards, only had a significant impact on
employees’adherence if they allowed the intervention to
be better adjusted to the individual level.

The use of financial incentives was not identified as a
significant factor for adherence. Studies assessing pro-
grams based on financial incentives showed a positive
influence on the participants'motivation: according to
the authors, financial incentives strengthened intrinsic
motivation (i.e.,, motivation based on what individuals
consider to be good for them, independently of external
views), contrary to what is usually found in the literature
[71, 143]. However, the authors also reported that finan-
cial incentives did not increase the long-term adherence
of employees showing high sensitivity to immediate ben-
efits [143]. The literature also showed that the increase
in activity level directly correlated with the period dur-
ing which the financial incentives were paid, with a sharp
decrease as soon as their payment stopped [70].

The use of a pedometer or accelerometer, especially
when combined with real-time self-monitoring of PA
levels, was associated with higher employee adherence
[134]. Van Hoye et al. showed that the feedback provided
by the pedometer was most effective in increasing PA
when combined with individualized counseling sessions
[214]. This individual support helped participants to
know what to do with this feedback, and to adapt their
behaviors as best as possible.

Organizational factors

An original result of this review is that it highlights the
work environment as a major determinant of adherence
to physical activity programs. Some studies had already
shown the predominant role of social-cognitive factors,
support by supervisors, colleagues, friends or family
[215, 216].

The quality of the working environment, particularly
in terms of interpersonal relationships, work organiza-
tion and workload, was a significant factor for adherence.
Management, psychosocial factors (work autonomy,
work pace, workload and interpersonal relationships at
work) played a central role in employees’participation in
a PA promotion program such as NSPAP [113, 117, 122,
127, 130, 131, 142, 146] or SPAP [109, 154, 155, 157, 168,
169, 177, 188]. Their quality explained the highly vari-
able influence of co-workers and management, found in
this review, bringing to the fore a negative influence in
the case of impaired psychosocial factors, and a positive
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influence in the case of high-quality psychosocial factors.
Strong social support, particularly in its functional com-
ponent (when employees feel they are being supported by
their professional environment), was thus a powerful fac-
tor for adherence. Recent investigations highlighted that
a training adherence threshold of 70% has been recom-
mended to attain clinically meaningful benefits and that
it is important to implement initiatives before and dur-
ing an intervention to maintain motivation [183, 189].
A favorable psychosocial environment and strong social
support require the employees’involvement in the imple-
mentation of PA programs in the workplace, the open
involvement of management in promoting PA, and the
implementation of a corporate policy that openly sup-
ports PA.

Physical work load
According to the results of our analysis, physical work-
load was associated with poorer employee adherence.
The accumulation of physical fatigue owing to work tasks
together with participation in PA exercises was a fairly
obvious explanation for this phenomenon, as suggested
by Korsohj et al., who found that a PA program based on
intensive aerobic exercises, implemented in maintenance
workers with high workload, was accompanied by a rise
in employees’blood pressure [165].

As a conclusion, we suggested below, in Table 6, what
this literature review contributes for future research or
entrepreneurial and/or political projects.

Limitations of the study

The main limitation of our review is the evaluation of
the potential limits of each study. We used the Cochrane
guide for randomized controlled trials (RCTs) as a model,
but interventional studies in the human and social sci-
ences, although they may allow for randomization, do
not always allow for blinding of the participants, or blind-
ing the results throughout the study. For this reason, our
quality index ranges from 1 to 4. For real RCTs, the score
varies from 2 to 4. For non-RCT studies, the score ranges
from 1 to 2, in an"arbitrary"way, because of the lower
level of evidence. However, our results remain consistent
with the existing literature, as discussed in the synthesis
of results.

In addition, although broad categories of interven-
tion were identified, the type of intervention could vary
greatly from one study to another. Thus, for the same
type of program, the frequency and duration of PA ses-
sions could vary; the frequency of counseling sessions
and the type of exercises or the educational material con-
tent were rarely the same.

Others have emphasized the need to improve the
design of studies aimed at assessing the effectiveness of
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different PA promotion interventions in the workplace, in
particular to be able to assess the relative effectiveness of
various programs (PA vs. informative/educational strat-
egy vs. counselling/support strategy according to their
classification) [13]. Indeed, this was difficult to do in our
review, because the analysis of interventional factors for
adherence was challenging due to the broad heterogene-
ity in study methodology.

The choice of the endpoints, and especially their meas-
urement method, was also highly heterogeneous. This
was especially the case for PA, that was, depending on
the studies, measured directly by an accelerometer or
assessed using a self-questionnaire, measured on an ad
hoc or continuous basis, and expressed in different units.

The methodology for data collection could also change
from one study to another, compromising the reproduc-
ibility of results.

Finally, the aims of the studies were also highly het-
erogeneous. Some studies aimed at increasing PA level,
some at improving the cardiorespiratory condition of the
employees, and others at improving well-being at work.
This obviously influenced the study protocol, methodol-
ogy, choice of endpoints, etc. and affected the compara-
bility of the results from one study to another. In addition,
only a few interventions were designed to directly assess
specific factors for adherence, in this case the baseline
PA level. Other studies (NSPAP: [71, 114, 121, 126, 153];
SPAP: [109, 157, 160, 161, 163, 188]) investigated specific
factors for adherence, but as part of nested/secondary
analyses of interventions designed for a different objec-
tive. In all other studies, these assessments were mar-
ginal, and the authors paid little attention to the results.
Another systematic review [98] has found the same
results, highlighting that too few studies have assessed
the influence of health, lifestyle and organizational fac-
tors on the participation of employees in health promo-
tion programs in the workplace. The scientific value of
the determinants of adherence reported by the authors
was therefore, according to them, significantly reduced.
The same is true in our review, where some of the publi-
cations included were not based on a robust and rigorous
methodology, limiting the level of evidence of the results.

Perspectives

Currently, PA promotion programs in the workplace are
complex, demanding onerous implementation (crea-
tion of sports structures, changes in the employees'work
schedule, involvement of external stakeholders) requiring
a great deal of resources (human, material and financial)
for very limited results. The purpose of these programs is
often unclear, as they target sedentary behaviors, physi-
cal and mental health, well-being in the workplace or
even productivity, while a PA program has little impact
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on any of these factors. Thus, the determinants of sed-
entary behaviors are inherent to the nature of the work
itself that will not be changed by a PA program. The same
is true for musculoskeletal disorders, that are mainly
caused by the physical constraints of the position (repeti-
tive movements, carrying of loads, prolonged static posi-
tion, etc.) that remain unchanged after a PA promotion
program. Finally, well-being in the workplace is above
all determined by the workload, the precariousness of
the work, poor psychosocial relationships, and not, or
only marginally, by a lack of PA. These enthusiastic but
totally inappropriate goals for a PA promotion program
in the workplace overlook the inability of these programs
to sustainably increase the PA levels of all employees. As
already pointed, few studies have attempted to under-
stand the determinants of the employeesadherence
to these programs. It is therefore necessary to focus
PA promotion programs in the workplace on the
employees’adherence, from the outset of the designing of
such programs.

To this end, the factors for adherence identified in
this review should be assessed prior to the development
of any PA promotion program, in order to better tailor
it to the different profiles of employees in the company.
This could be achieved by administering a standardized
questionnaire, which would therefore assess the levels
of PA, health and motivation, and more specifically self-
efficacy. The employees’expectations regarding the type
of program offered should also be assessed. Based on the
data from this review, it would be necessary to assess the
benefits of exercise supervision, the organization (loca-
tion, timing, group, etc.) of the sessions, the type of exer-
cises proposed, and the need for individualized support
(counseling sessions). Finally, the quality of the working
environment, and more specifically the quality of psy-
chosocial factors and social support within the company,
should be assessed. Specifically, strengthening empower-
ing leadership for managers, employees, interns, and stu-
dents [217, 218].

"And to venture further": The establishment of such
programs (e.g., SPAPs vs NSPAPs) might also prompt a
collective, societal, entrepreneurial, and political reor-
ganization of working hours and/or work schedules.
With the rise of Al, should we remain committed to
a traditional weekly work model (35 h, 39 h, 40 h, 50 h
in certain countries...)? Might we not envision travel
times, workdays, or schedules confined to the morning
or the afternoon alone? Could we not also imagine, for
instance, the possibility of "shifting the hours of students/
apprentices/teachers (starting early in the morning) away
from those of employees/managers (beginning later in
the morning)?"These ideas, we believe, deserve thought-
ful debate, as they hold the potential to breathe new life
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into our so-called industrialized societies, all in pursuit of
enhancing the collective well-being.

Conclusion

This literature review showed that a number of factors
determine the adherence of employees to PA promotion
programs. Until now, these factors for adherence were
poorly taken into account in the design of these pro-
grams, reducing their effectiveness.

It is now necessary to develop practical tools for occu-
pational health stakeholders so that they can help com-
panies to implement an effective and sustainable PA
promotion policy. The primary goal of such a policy
should be to increase the PA level of as many employees
as possible, since the solution to other health issues in the
modern workplace cannot be reduced solely to promot-
ing physical activity. Hybrid models combining super-
vised and non-supervised elements could help balance
adherence with flexibility, with long follow up. Future
research should evaluate the sustainability of PA behavior
changes beyond 12 months. In fine, new models of work
time will have to be considered.
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