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and sedentary behaviour and related physical
and mental health outcomes: a systematic
review
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Abstract

Background Physical activity (PA), sedentary behaviour (SB) and diet play an important role in the physical and men-
tal health of young people. Understanding how these behaviours cluster, and the impact of clusters on health

is important for the development of public health interventions. This review examines the prevalence of clusters of PA,
sedentary time, and dietary behaviours, and how clusters relate to physical and mental health indicators among chil-
dren, adolescents and young adults.

Methods Electronic (PubMed, Web of Science and Scopus) and manual searches were conducted for articles

that were (i) observational studies including children, adolescents and/or young adults aged 5-24 years, (i) exam-
ined the ‘patterning; clustering, or ‘co-existence’of each of PA, dietary behaviour and SB, and (jii) published in English
up to and including July 2022. In addition to information on clustering, data on physical and mental health outcomes
were extracted where reported. Included studies were assessed using the Cochrane risk of bias for observational
studies. A narrative synthesis was conducted due to high heterogeneity. This review was registered with PROSPERO
(CRD42021230976).

Results Forty-nine cross-sectional studies and four prospective cohort studies from eighteen countries reporting
data from 778,415 individual participants were included. A broad range of clusters (n=172) were found (healthy,
unhealthy, and mixed). Mixed clusters were common (n=98), and clusters of high diet quality, low PA and high SB
were more prevalent in girls, while mixed clusters of high PA, high SB and low diet quality were more prevalent

in boys. Unhealthy clusters comprising low moderate to vigorous PA, low consumption of fruits and vegetables,

and high screen time were prevalent, particularly in those from lower socioeconomic status families. Compared

to those with healthy behavioural clusters, those with unhealthy and mixed clusters had a higher adiposity, higher risk
of cardiovascular disease, poorer mental health scores, and lower cardiorespiratory fitness.

Conclusions PA, SB and diet cluster in healthy, unhealthy and mixed patterns in young people that differ across soci-
odemographic characteristics. Unhealthy clusters are associated with poorer health outcomes. Intervention strategies
targeting un-clustering multiple unhealthy behaviours should be developed and evaluated for their impact on health
outcomes.
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Background

Overweight and obesity, and their associated comorbidi-
ties, are increasing globally [1]. In the UK, the prevalence
of obesity in adults has tripled over the last 20 years and
continues to rise albeit at slower rates [2]. A similar pat-
tern is seen in children (aged 10-11 years) in the UK,
with obesity levels increasing from 21.0% in 2019-20 to
25.5% in 2020-21 [3]. Living with overweight or obesity
is associated with long term health conditions including
cardiovascular disease, diabetes, depression and pre-
mature mortality [4]. Furthermore, obesity is challeng-
ing to manage, and intervention strategies targeted at
younger age groups should be a priority [5]. Modifiable
health behaviours, including physical inactivity, seden-
tary behaviours (SB), and unhealthy dietary habits, have
all been linked independently to increased risk of obesity
in children, adolescents, and young adults [6—8].

Physical activity (PA), SBs, and dietary habits are devel-
oped early in life and have been shown to track through
childhood [9-15] into adulthood [16]. Evidence suggests
that poor lifestyle behaviours are likely to co-occur or
‘cluster” within groups of individuals [14, 15, 17, 18], and
that clustering of unhealthy behaviours increases signifi-
cantly with age [19]. A recent study found that the preva-
lence of clustering of unhealthy behaviours increased
from 29.0% in children aged 2-5 years to 73.9% among
older adolescents aged 16—19 years [19]. Moreover, the
most common health behaviour combinations at both
time points were high screen time and unhealthy diet
(the prevalence increased from 14.4% at ages 2—5 years to
45.3% for ages 16—19 years) [19].

It has been found that the clustering of unhealthy
behaviours has synergistic effects on health outcomes,
meaning that a combination of health behaviours is
more harmful to health than the sum of the effects of
each individual health behaviour; this, in turn, will
increase the risk of chronic illnesses and premature
mortality [20]. For example, clustering of multiple
unhealthy behaviours (i.e., SB, lack of PA, and poor die-
tary habits) has been shown to be associated with poor
mental and physical health outcomes such as increased
likelihood of developing depression [21-23], anxiety,
psychological distress, and weight gain [24]. Further-
more, Nelson et al. found that 51% of boys and 43% of
girls had three or more behavioural risk factors that
were associated with obesity, including low PA, high
screen time, low consumption of fruits and vegetables
(FV), and high consumption of soft drinks and snacks
[25]. Conversely, clustering of beneficial health-related

behaviours (being physically active, a non-smoker,
moderate drinker and consuming five or more serv-
ings of FV a day) has been shown to be associated with
improved mental health, improved self-reported physi-
cal health, and healthier body weight in adults [26].

Previous systematic reviews have focused on indi-
vidual health behaviours (i.e. diet, PA, or SB), exam-
ined specific health outcomes or combinations of health
behaviours (for example, Leech et al. focused only on
weight related outcomes), and/or have focused on a
narrow age group [27-36], which limits their ability to
address the impact of simultaneous health behaviours
on the health of young people more generally. Previous
reviews have also combined or synthesised health behav-
iours under general/broad categories (i.e., total PA, SB or
diet) rather than specifying the exact behaviour (such as
moderate to vigorous physical activity (MVPA) or FV
consumption), which reduces the accuracy of defining
specific clusters and trends [37, 38]. Furthermore, many
previous reviews have included studies in which addi-
tional health behaviours (e.g., smoking, alcohol use) have
been included in the creation of clusters that also include
PA, SB and dietary behaviours. Being able to disentan-
gle these behaviours from PA, SB and diet is important
for our understanding of how PA, SB and diet cluster as
lifestyle behaviours, and the impact of clusters of these
specific behaviours on health is important for the devel-
opment of public health interventions. Despite this, clus-
tering of these specific behaviours and their associations
with both physical and mental health have not been syn-
thesised in previous systematic reviews. Therefore, it is
valuable and timely to investigate the prevalence of clus-
tering patterns of PA, SB, and diet and their associations
with physical and mental health indicators in children,
adolescents, and young adults. Thus, the aim of this sys-
tematic review is to synthesize evidence from longitudi-
nal, cross-sectional and cohort studies on the prevalence
of PA, SB, and dietary behaviours clusters by age, sex,
and socioeconomic status and their associations with
physical and mental health in children, adolescents, and
young adults.

Methods

This review was conducted in July 2022 following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) [39], and was registered with
the International Prospective Register of Systematic
Reviews (PROSPERO) (CRD42021230976).
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Search strategy

The search strategy was developed using the Popula-
tion Exposure Context Outcome (PECO) concepts,
and searches were built around each concept: Popula-
tion (children, adolescents and young adults), Exposure
(clusters of dietary habits, PA and SB), and health Out-
comes (physical and mental). Scoping searches were
conducted to refine the search strategy and checked by
an information specialist and the review team, ensur-
ing that relevant studies were identified with the search
syntax. Comprehensive lists of keywords were used to
ensure a broad and comprehensive search (please see
Additional file 1 for the full search strategy). PubMed
(Medline), Web of Science and Scopus electronic data-
bases were searched for articles up to and including
July 2022. Electronic searches were supplemented by
examination of the bibliographies of included studies
and relevant reviews, as well as consultation with sub-
ject experts.

Inclusion and exclusion criteria

For studies to be included they were required to: (1) be
an observational study including school-aged children
and/or adolescents (ages 5—19 years) and/or young adults
(ages 19-24 years) as participants; (2) include an exami-
nation of the ’patterning, ‘clustering, or ‘co-existence’ of
at least one domain each of PA, dietary behaviour and SB;
and (3) be published in English up to and including 24th
July 2022. Studies that included all three behaviours but
did not attempt to identify clusters of these three behav-
iours or examine an interaction or association between
these behaviours were excluded. Similarly, studies that
included PA, SB and dietary variables in addition to other
health behaviours (e.g., alcohol consumption, sleep) were
excluded if data on the three behaviours of interest could
not be extracted. In addition, randomised controlled tri-
als or any intervention studies where behaviours had
been manipulated were excluded.

Identification of relevant studies

Covidence review management software (www.covid
ence.org) was used for the screening and selection of
records retrieved from the database and manual searches,
including the removal of duplicates. Screening by title
and abstract was conducted initially. A full text copy of
all articles meeting the initial screening was obtained for
examination. All screening was conducted by two inde-
pendent reviewers, with a third reviewer assessing a ran-
dom sample of 10% of the excluded studies at both title/
abstract and full text stages. Any disagreements, at any
stage, were resolved via consulting a third reviewer.
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Data extraction

A data extraction form was developed in Excel for the
purpose of this review and was used to collate the data.
The data extraction form was piloted by two reviewers
on a proportion of the included studies to assess its suit-
ability. After consultation with the review team, it was
modified accordingly. The following data was extracted
from each paper: (1) general information (study ID, title,
author/s, date, study location (country), study aim, study
type); (2) participant characteristics (participant selection
and sample size, etc.); and (3) type of study, duration of
study, methods and measures of health behaviours, ana-
lytical methods for clustering and statistical analyses. In
addition to information on prevalence of clustering, data
on any reported physical and mental health outcomes
were extracted. Data extraction was performed by one
reviewer and 50% of articles were checked for complete-
ness, accuracy and consistency by a second independent
reviewer. Any disagreements were resolved via discussion
between the reviewers and lessons learned applied to the
remaining studies.

Risk of bias assessment

A risk of bias assessment was carried out for each of the
included studies, as described in the Cochrane Hand-
book [40] and elsewhere [41].As this is a review of obser-
vational studies, the risk of bias assessment assessed each
study against the following domains: (1) selection bias,
(2) performance bias, (3) detection bias, (4) attrition bias,
(5) selective reporting bias, and (6) other factors that may
increase the risk of bias. Risk of bias assessments were
completed independently by two reviewers, and discrep-
ancies (n=2) were resolved through discussion and the
judgement of a third author. Each study was classified as
either a low risk of bias, high risk of bias, or an unclear
risk.

Synthesis of results

Each included article had to include all three health
behaviours of interest. For synthesis, we report the clus-
ter names and descriptions exactly as they are reported in
the original manuscripts. Results were synthesised narra-
tively because a meta-analysis was not feasible due to the
considerable heterogeneity in terms of methodological,
statistical, and clinical aspects.

Results

Search results

A full summary of the search results is presented in the
PRISMA flowchart diagram (Fig. 1). A total of 21,282
records were identified during the electronic database
searches. After duplicates were removed, a total of 17,115
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Fig. 1 PRISMA flow diagram for the identification, screening, eligibility and inclusion of studies

records remained. Of those, 16,814 records were deemed
ineligible during the titles and abstracts screening pro-
cess, 301 full-text articles were retained for further
review, and 53 studies met the inclusion criteria.

Study characteristics

Characteristics of the 53 included studies are sum-
marised in Additional file 2. Studies were conducted
across eighteen countries; the majority were from
the US (n=9) [19, 42-49], Brazil (#n=9) [50-58] and
Australia (n=5) [25, 59-62], and seven provided data
from more than one country [63-69]. Studies were
published between 2007 [46] and 2022 [57, 58], with
the majority (87%) published within the last decade.

Forty-nine studies employed a cross-sectional design
and four used a longitudinal design [59, 70-72] with
follow-up durations ranging between two [70, 71] and
six [72] years post baseline. Most studies included
adolescents (n=31) [25, 42, 44, 46-48, 50-58, 63, 64,
66, 68, 72—-83], thirteen included children (z=13) [43,
49, 61, 62, 65, 67, 69, 70, 84—88], seven included both
children and adolescents (n=7) [19, 45, 59, 60, 71,
89, 90], one included adolescents and young adults
(n=1) [91], and only one study included young adults
only (n=1) [92]. Participants’ ages ranged from five
[19, 49, 59-61, 70, 89] to 25 [92] years, with sample
sizes ranging from 189 [78] to 304,779 [68], repre-
senting a total of 778,415 children, adolescents, and
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young adults. Forty-nine studies provided data on
the prevalence of clusters of PA, SB and diet [19, 25,
42, 44-68, 71, 72, 74-92]. Twenty studies examined
the associations between clusters and physical health
outcomes (adiposity or cardiometabolic health) [43,
44, 51, 55, 56, 58, 59, 63-65, 67, 69-75, 89, 90], and
one study examined associations with mental health
outcomes [74].

Risk of bias and quality assessment

Risk of bias was conducted for all included studies. For
both study types, between 5 and 30% had a high-risk
judgment across all domains, while low-risk judgment
varied between ~ 50-90%. Some of the domains had an
unclear judgment due to lack of information (~5-55%)
(Figs. 2 and 3).

BLlow

Unclear
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Overview of measures

The included studies employed a variety of methods
to assess behaviours. PA and SB were measured using
accelerometers in nine [44, 46, 49, 59-61, 71, 84, 87] and
four [44, 59, 60, 71] studies, respectively, and were either
self-reported or parent-reported in the other studies. For
dietary data collection, questionnaires (e.g., a set of ques-
tions in a survey pack) were the most prevalent instru-
ment used (n=28) [45, 48, 50-54, 56-58, 61, 62, 68, 69,
71, 73, 74, 79-83, 85, 86, 88—90, 92], followed by food
frequency questionnaires (FFQ) (n=16) [25, 42, 43, 59,
60, 64, 65, 67, 70, 72, 75-78, 87, 91], 24-h dietary recall
(n=8) [19, 44, 46, 49, 55, 63, 64, 66), a diet diary (n=1)
[84], and multiple-pass recall methods (n=1) [47].

PA was presented using varied units including daily
MVPA [25, 44, 59, 60, 63, 64, 71, 87], daily PA [68, 82, 89],
moderate physical activity (MPA) [44], vigorous physical
activity (VPA) [44, 65],weekly MVPA [19, 43, 50, 55, 66,

WHigh

Flawed method of participant selection

Flawed measurement of exposure-PA

Flawed measurement of exposure-SB

Flawed measurement of exposure-DIET

Incomplete/ high lost to follow- up

Other bias

0% 20%

40% 60% 80% 100%

Fig. 2 Overview of prevalence study quality and risk of bias [low, high, and unclear] assessment (n=49)
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Flawed measurement of exposure-DIET

Flawed measurement of outcome
Incomplete/ high lost to follow- up
Selective reporting

Other bias

0% 20%

40% 60% 80%
Fig. 3 Overview of health outcomes study quality and risk of bias [low, high, and unclear] assessment (n=20)

100%
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74, 78, 83, 88], days per week of PA [19, 42, 51, 54, 57,
79, 80, 92], MPA [91], and VPA [48], meeting PA recom-
mendations [46, 47, 49, 61, 62, 76, 81, 84], weekly [53, 56,
67, 70, 88, 90] or daily [45, 86] sport participation and
playing outside, weekly sports at a club [69, 70, 72, 77],
frequency and duration of weekly leisure time [52, 72,
75, 77], days per week of active commuting [52, 70, 81],
days per week of physical education [48], and other PA/
sport at school [48, 52, 70, 75, 81] and non-school [48, 73,
81], activity preferences [85], and PA score [58]. For SB,
the most common outcomes measured were daily screen
time (n=20) [19, 25, 43, 45, 50, 51, 54-56, 58, 63, 65, 66,
71, 75, 86-90], followed by meeting screen time recom-
mendations (n=8) [46, 47, 49, 61, 62, 76, 81, 84] and daily
sedentary time (n=10) [44, 53, 57, 59, 60, 71, 79, 80, 82,
83]. Other studies used daily [52, 59, 64, 73, 93] or weekly
[69] TV viewing, daily [42, 44, 48, 81, 92] or weekly [70]
TV viewing and computer use, daily electronic media use
[72, 77], and daily non screen SB (e.g. sitting and home-
work) [52, 63, 68, 91]. Finally, two studies used weekly
screen time [74, 78], and only one used weekly sedentary
time [67] and activity preference (e.g. computer use, TV
viewing, reading, and tinkering) [85].

The most prevalent dietary outcomes used were daily
[25, 42, 45, 51, 59, 60, 64, 68, 78-80, 82, 83, 87, 90, 91]
and weekly [50, 51, 56-58, 65, 67, 69, 73, 74, 78] FV
consumption, diet quality index [19, 43, 44, 63, 66, 71,
72, 77, 88], meeting dietary recommendations (i.e., FV,
sugar-sweetened beverages (SSB), fat, energy dense food/
drink, discretionary food, having breakfast, milk/yogurt
intake, and total dietary fat and non-milk extrinsic sugar)
[46, 47, 49, 61, 62, 76, 81, 84], daily [45, 64, 86, 90] and
weekly [67, 69, 87] intake of SSB, daily [42, 51, 83, 90] and
weekly [25, 51, 56-58, 65, 74, 81] intake of sweetened
soft drinks, daily [59, 93] and weekly [58] energy dense
food/drink consumption, daily [42, 45, 86, 90] and weekly
[25, 56, 57, 73, 74, 81] intake of snacks, daily [42, 48, 54,
55, 75, 78, 90] and weekly [52, 53, 58, 70, 73, 75, 78, 92]
consumption of diverse foods (e.g. fibre, dairy, chips,
etc.), meal frequency [89], breakfast intake [45, 81, 90] or
skipping [89], and daily [83, 90] and weekly [19, 81] fast-
food intake. Weekly eating at restaurants [45] and food
preferences [85] were each used once. All methods used
to assess PA, diet, and SB are shown in Additional file 2,
along with the measures of these behaviours.

Cluster analysis methods

The included studies used various methods for cluster-
ing analysis (Additional file 2). To determine the number
of meaningful clusters into which to assign participants
most studies combined the Ward and k-means methods
[51, 64—67, 69, 71, 77, 78, 86, 88], while one study used a
combination of hierarchical method and k-means cluster

Page 6 of 44

analysis [63], one applied the Ward method exclusively
[61], and two used a k-means non-hierarchical method
[52, 74]. Latent class analysis [42, 44, 45, 56, 83, 87, 90,
91], latent profile analysis [48], K-means [73, 75] and
k-medians [59, 60], principal component [70, 85], and
two-step [53, 57, 58, 81, 92] cluster analyses were also
used to identify subgroups of participants with similar
patterns. In addition, some studies used the observed-
over-expected ratio (O/E) [25, 50, 54, 68, 79, 80, 82, 84]
or other descriptive analyses [19, 43, 46, 47, 49, 55, 62,
72, 76, 89] to determine the prevalence of health-related
behaviour patterns observed.

Clusters of behaviours identified

The 53 studies reviewed presented 172 unique clusters of
health-related behaviours of interest, broadly classified as
healthy (n=28), unhealthy (n#=46), and mixed (n=98)
clusters (Additional file 3). A healthy cluster was typi-
cally characterised by good diet quality, high PA, and low
SB, while an unhealthy cluster was characterised by poor
diet quality, low PA and high SB. The majority fell into
the mixed cluster, which included one or more healthy
behaviours coexisting with one or more unhealthy behav-
iours (e.g. high PA, high FV, and high SB). In the healthy
lifestyle clusters, only two clusters (high MVPA high FV
low SSB low screen time [47, 49] and high MVPA low
energy dense food/drink low SB low TV [59, 93]) were
reported in two studies, while the unhealthy lifestyle
cluster low MVPA low FV high screen time was reported
in three studies [25, 50, 81]. Nineteen mixed lifestyle
clusters were common in two studies each. Among the
included studies, the health-related behaviours of interest
(diet/PA/SB) were represented by a minimum of one (e.g.
high PA high FV low SB) and a maximum of 13 distinct
clusters.

Prevalence of clusters of health behaviours
The prevalence of clusters of health behaviours are
described in Table 1. Twenty-four healthy clusters
showed a prevalence of between 0-30%, eighteen clus-
ters between 30-60% and only one cluster between
60—100%. Mixed clusters didn’t follow a particular struc-
ture, but rather they were classified as mixed because
of presence of one or more healthy behaviour coexist-
ing with one or more unhealthy behaviour (e.g. high PA,
high FV, and high SB). For the mixed clusters, ninety-six
showed a prevalence between 0-30%, thirty-seven clus-
ters between 30-60% and six clusters between 60—100%.
Fifty-five unhealthy clusters showed a prevalence of
between 0-30%, twenty-one clusters between 30-60%
and seven clusters between 60—100%.

Twenty-two studies stratified clusters of health behav-
iours by sex [25, 42, 44, 46, 50-52, 55, 56, 63, 64, 66—69,



Page 7 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

SHI9

(%6'€S) €1D

(%98%) £D
(9%0'8%) 9
(%615) S
(9%9779) €
(%9'/¥) T

(%06%) LD

BISY/ [eIUSD-1SOM

(%6CS) L1D

(%075 TLD

(%9'£¥) 9D

%6'6%) 5D

%S'7S) €D

%t'9%) 7D

%8'75) 1D

Sol)1UN0D

ueauelRPaN/2doing yinos

(%8'%75) L1D

(%6€5) 01D

(%8'05) 6D

(9%9'8%) 9D

(%8'15) €

(%T'SY) O

(%t'8%) 1D

adoingiseg

(
(
(
(

G6E€L) €1D
69%1) £
§ 919>

)
)$D
)
)

5]

%9'L1) O
(9%0°G1) 1D

BISY [eIU=)-1So/N
(%801) LLD
%¥8) 71D
©%L61) 9D

(%8'6) 5D

(%8Tl) €D
(%61v0) 7O
(%9°€l) 1D

$31I3UNOD UeauelIRMPa|A/2doing yinos
(%011 LLD

(%S'L1)0LD

(%¥9) 62

%¥ 1) 9D

9€91) €D

©6l21)TD

%¥€0) 1D
adoing ise3

191p Ayijeay pue

aADeUl AjjedisAyd ‘A1eruspas ‘gD
eISY [RJ1UDD

159\ pue adoin3 YHoN Yiog ul
1uasaid sem / U21sN|D

asoy Al

o3elul

N94 pue axeiul abesanaq ybiH /D
2doin3 yuoN ul 1dadxe sdnoib sy
[[e Ul uasaid Sem 9 121N Dy

1S4 asOt A4t vdAr

aAIdeUl AjjedisAyd pue Aieyus

-pas Mo ‘eiul 9beIaASq MOT 9D
eISY [P1IUDD)

-1S9/\\ PUE $31UNOD UBSURLISYIPSIA
/2doin3 Yyinos ‘2doing YHOoN
1S] WdAt

SAlDeUl

Ajjea1sAyd pue Aieauspas 5D
S9LIUN0d ueadoing YLON ay1 Ul
pabiawa AJUo  121snpD

15| VdAy

K1e1uspas pue e A|[ed1skyd v
elsy

|BJIUDD-1SOAN PUB S2LIIUNOD UBSUE)
-121pajN/2doing yinos ‘edoing
1SB7 Ul PAAISO SBM € J21SN|D 4

(%¥°19) 6D (%C°€) 6D YdA
(%8'€9) 8D ©O6LL1) aA1de Ajledishyd €D
(%9%5) D ©O6L711) sdnoib unoy
(%805) $D (%071) G |e Ul PaAISSGO SI9M ¢ pUe | Dy
(9%++S) ¥D (%06) ¥ asor A4y
%6L¥Y) 2D (%L67) T 131p AyyjeaH 7D
9%12S) 1D (96€°12) 1D 154 st AL VdAL
adoin3 yuoN adoing yuoN 191p
N N shog |e10] Ayjeay pue aande AjedisAyd 1D [59] (6107) “[e 19 1e1195-[og
(1=u)
I EN GV ER7N
19p|0 10 s1eA 0L | 1D SISH LD gy %/0 1D 1D [29] (9107) "2 12 |1°9
(oL =u) uaappy>
aby s3s xas
@suajenasd paynens a|dwes |ejol
paynuap;
2dudjeAaid u pue Krewwns siaisnpD me>v sioyiny

(6= U) S}Npe BUNOA pue ‘S1USDSS|OPE. ‘USIP|IYD Ul SINOIARYS] A1BIUSPSS PUB Y 131P JO sulaned Bulaisnpd Jo aduajeaald 3yl | ajqel



Page 8 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

abe sabunok | 1D

VN VN

(%1'9%) €1D
(%¥'LS

sSe oo

%t'CS) 0D
(%015) 1D

BISY [eA1USD)-1SOM\
©L'/¥) 11D
(9%60'8%) T1D
(9%t2S) 9D
(%1°0%) $D
(%S'S¥) €
(%9°€5) 2D
(% L¥) 1D
Sol11UN0D
ueaueLd)paN/2doing yinog
%TSP) L1D

SaulapING uelelIsNY AUl JO SUOU 1W %0 |
SaullapINb ueleISNY U1 19W %7 H

(5=u)

1Sy d3ly

421eM OYM SI91e3 3sUsp ABIsu3 "§D
N1 VdAWT

Auanoe [edisAyd pue

9]qe1969A pUR 1INIJ UO MOT HD)
1S{ @3t A4 VAW

PasN0) aWI} U9aIDS €D

1St darAdl

siolneyaq Ayijeay punol-||y 7D
VdANY

sisels

-nyaua ANAnde [edisAyd Bunop 1D

(€1 =U) eIsy [213USD-ISI Ul
P35O AJUO SBM € JDISN|D,
1Sy dsO Al VdA)

I AR

ybiy pue Aieyuapas ‘axeiu abe
-19A2q Yb1y ‘aAnde AjjedisAyd € 1D
S9LIUNOD UeaURLIRIPaN/2doIng
YInos 01 2ynads sem 7| 421sn|D
1S) dSOt A4 VdAL

191p Ayijesy pue

aAne A|edisAyd ‘A1e3uspas 71D
S9LIUNOD UeaURLIRIPaN/2doIng
4inos uj pue adoing 1se3 yioq Ul
pabiswia sem | | 121SN|Dy

1S} asd| vdAy

9A1e A|jedIsAyd pue Aley

[19] (1107) “[e 32 UoIBWED

(%1'9%) 01D -Uspas ‘axelul abesanaq ybiH L 1D
(%T6Y) 6D Ajuo adoing
(%Y'15) 9D 1583 UJ PRAISSCO SeM (] J23SN|Dy
(9%C'8Y) €D 1S| VdAl
(%829 O aA10e
(%9'19) 1D AlledisAyd pue A1eyuspas 01D
adoin3g iseg S3113UNOD
(%9'8¢€) 60 ueadoing 1se3 pue uesdoing
(%C°9¢) 8D Y1ION 2Y3 Ul pasuduwiod 6 1a1sn|Dy
O6%'S) £ 1S} @S| VAt
(%T6h) SO aAnoeur Ajjesiskyd pue Azel
(%9'SY) ¥D -Uapas ‘axelul abesanaq ybiH ‘6D
(%6'SS) 7O sauuNod ueadoing
(9%6'L¥) 1D YLON Ul pabiawa sem g 1a1sn|Dy
adoin3 yuoN 1S) dSOt A4 VdAr
aby s3s xo5
aduajeaasd paynens ajdwes jejop
paynusp;
adudjendld u pue A1ewwns s19sn|> (1e3A) ssoyIny

(panupuOd) | 3jqey



Page 9 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

(%¥°€S) SHID
(%9'9%) skog
€13snD €D
(96°£) S

(%T9) |eroL

(€=U) 151 OA* VdAW?

(%€S) skog €491sN|D €D €491sND°€D
¢49sND 7D (%0°0€) [e30L 1S] Odt VAWt
(%8°62) SHID ¢ ARsND D ¢_snD D
abe 1596unoA | €D (%°02) skog (%8°€0) [P10L 1S4 04 VdAW{
abeisspio | 7D VN L 42snND 71D L J2snD 1D L 423sND 71D [88] (0207) “[e 13 [19-z2d9]
SaUIIPPIND 2Y3 JO SUOU 19W %46 |
saullepInb ¥ ||e 18W 97 AJUO
(%1) (€=U) 1S4 A4} YdAW{
e1ul 3|qe1sban pue ye1ul 9|qe1abaA pue N4
1NJ4 / SWIY US1DS / AUAIIDE [BDISAUd €D/ dWIl UaJds / AR [edIsAyd €D
(969) 151 9SSt VAN
9¥eIul 9DRISASQ PaURIIIMS D3Il 9DRIDASG PaUSISaMS-1eBNS
-1eBNS / aWI) U3a10G / AUAIDE [eDISAUd ‘7D / dWII UsaJds / ANAIDe [BDISAYd "D
(%) 151 9SSt A VAW
9e1ul 9|qe1ban pue ye1ul 9|qe1aban pue 3ni4
1UNJ4 / 93e1U] 9brISASG PaUS1Sams-1eBNS  / 9yeiul 9beISASq pauslaams-1ebng
N VN VN /9WI U931DS / ANAIDE [BDISAUJ 1D/ 9WI} US1DS / ALIAIIDe [BDISAUd "D [6+] (5107) “|e 39 uosieg-utuny
(66'005°0) 5£°0=(1D %S6) 3/0
€9'7=0% pa1dadx3
£6'L =% PaAIRSq0O
dv W
UbiH / el ajqeiaban pue uny ybiH / (€=U) 1S} UYW| A4 VdAWL
awi usaids YbiH / AlApde [edisAyd moT €D YN YbIH / 9xelul 9|q
(LT'1'8€°0) T80=(D %56) 3/0  -e1oban pue uniy ybIH / awi usa1ds
L6°0="9 Pa12adx3 UbiH / Aianoe [edishyd mo1 €D
S£'0=9% PaAIRSqO 1Sy 9VINT A4t VdANL
YVYIA MOT / 9xe1ul 9|qe1abaA pue 3inij moT / HVIN MO/ 3xeiul 9|q
QWY U105 YBIH / ANAIDe [eDIsAyd moT 7D -e19b3A pue 1Nl MO / Wl US3IDS
(651 70'L) LEL=(D %S6) 3/0 ubiH / Aianse [edishyd mo1 2D
L€€=9% P3109dx3 LS| UYIN] At VAANY
'y =% PaAIRSqO YYW YBIH / ewur aiq
VN YBIH / 381Ul 9|qe1sban pue 1inij Mo/ -BI9B3A PUB 1IN} MOT / SUII} USIDS
WN VN VYN awn usais ybiH / Auanoe [edisAyd mo 1D UbIH / Aanoe [edishyd mo1 1D [¥8] (¥107) |2 30 Binquas|3
aby s3s X3S

aduajeaasd paynens

ajdwes jejop

2dudjeAaid

paynuapi
u pue A1ewwns s19sn|>

(1e3A) ssoyIny

(PanupuOd) | 3jqey



Page 10 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

(1) SO
(9L1) skog
91935N|5°9D
(9652) SHID
(%67) skog
Gd21sND 9D (9=u)
(%6) SO 451 9SSt A4J vdt
(%6) skog 91315N[D°9D
¥193SN|D D gSt @SSt A4 vdr
(%€1) SHID GJ9sN|D°SD
(%01) skog 451 gSSy A4t vdt
€12sND €D #121SND ¥
(9%27) SHID gsS| 9SSt A1 vd|
(%17) skog €191snDed
¢ARsND O gS| 9551 A1 vdr
(%t1) SHID (AU D)
abe JoBunoA | 9o pue 5 (%t1) skog 451 9SSt A4t vd
abe saplo | €D pue 1D SIST D L 421sN5°1D - L42sn[D°1D  [£9]1(S107) “[e 19 seised-ensaljelues
(€=U) 9SS} WODALY
FERIVEIETE o]
-S)UIP-PaUDISaMS-AIRIUSPSS €D
vd{
S9DUDIR1d-aWN-3INSIS|-DAIDY 7D
dH 4HNY
YS! ERNEIEIEYe)
abe 1sbunoh 1+ 1) WN 911D - Sutip-pue-pooj-Aupesyun 1D [58] (€10¢) “[e 39 banquapoy
1000 > =an[eA-d
98'GL =X
' 1C=2}
€=0J
Syuup Jebns ybiy
/3WI U135 YBIY /A4 MOJ/YIAW MOT €D
£000=2neA-d
L=
Y lc=29}
6="04 (€=U) 1S 9SS| A4t VdANY
SYULIP Jebns moj SyuULp Jebns ybiy/swi
/Wi U125 YBIY/AS UBIU/VIAN MOT 7D US313S YBIY /AJ MOI/YAAN MOT €D
#10'0=2an[epn-d 1S4 9551 A4} VdAWA
0l9=x SYULIp Jebns moj/swin
Py Lz=2) U213 YBIY/A UBIYAVIAIN MOT 7D
0L=04 1S} 9SSy A4 VdAWT
Syuup Jebns ybiy SyuLp Jebns ybiyeuwn
VN VN VN /2w U313 YBIY/A4 YBIY/VIAN MOT " LD US313S YBIY/AS YBIY/ VAN MOT 1D [£8] (S107) "[e 12 RIISIR
aby s3s X3S
adusjenasd paynens a|dwes |ejoy
payniuapt
dudeAdld u pue L1ewwns sidisn|> (1e3)) sioyany

(panupuOd) | 3jqey



Page 11 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

VN VN
D49pIo | D
g4ap[o | D
abe 1obunoA | gH pue | VN
S3STLED
VN S3IST LD

(O ul=g o1 /Sl

JO YO puUe | D Uleg 0165040 4O
(swodul spjoyasnoy) 535 7

€D Ul=gq018CC

JO YO pue gD uleq 01 6¢'| JO YO

(1'5€) spD

(8'€2) skog

o)

(98) SHID

(%S 1) skog

SAI12€ pue 131P AY3eayun 'sd
(%€1) SHID

(9%17) skog

J3SN US310S pue 131p AYyjeayun v
(%€¥) SO

(%¢¢) skog

9ADBUL pUB 131P AUI[ESH €D
(%€2) SHID

(%¢1) skog

DIWSpede pue 1aIp AylesH 7D
(%€ 1) SD

(% 1) skog

QA12€ pUe 13IP AYIeaH 1D

(9%8'L€) SHIO

(9%7°89) skog

poo4

|BUONEID3Y +9WI}-U310S "€
(9%+05) SHIO

(%9°61) skog

3910 AY3esH +2ARdY 7D

(%6T°TS) SHO

(%8 L¥) skog

1913 paduelequn +A1RIUIPAS “| D

(%6°SP) SO

(9%1'v5) skog

syuup Alebns pue

SyoeuUs ybiy ‘aanoe AjjedisAyd ‘€D
(9%£°8Y) SO

(9¢'15) shog

(#'67) [2I0L
1D

(%11) [e10L

QA1 pUE 13Ip AYieayun ‘5D
(%) [e30L

195N U315 pue 131p AYieayun o
(%8€) P10

2A110BUI pUB 131P AYi|eaH ‘€D
(%61) [e20L

Jlwapede pue 1aIp AYiesH ‘7D
(%S 1) [e10L

SAI1DB PUB 13IP AUY3eaH 1D

(%9'8) |10

PO04 |eUOILRID3Y + 3WI-USUDS €D
(%£°TP) [eroL

1910 AYyesH +3A1dY 7D

(%£°8¥) [e10L

191g paduelequn +A1e1uspas "1 D

(%v7€) [P0l
SYuLp

(1=v)
1Sy 813t VdANT
1D

(S=u)

MHES ~ 1S ~0a* VdAW|
SAIDE pUB 321P AYBRYUN '$D
MHES ~ 1Sy Oat VdAN ~

125N U315 pue 121p Ayeayun +d
MHES ~ 1S~0a ~ VdANT
dAI12BUI PUB I3IP AYI[eSH "€D
MHSES| 1S~0adJ YdAIN~
JlWapede pue 1alp AYiesH 7D
MHES~ 151 OQ| VAN
SAI1DE pUB I3IP AYIeSH 1D

(€=u)

1Sy 44y Ad~Vd ~

P00 [UONIRAIDBY + BWI-U3IDS "€
1St 441 A4 vdi

191 AYIeSH +3ADY 7D
1S~d4~A41 Vdt

1910 paduejequn +A1RIuspas "1 D

(€=u)

4SSINS| vdi

SyuLIp Alebns pue

syoeUS YbIY ‘aalde AjjedisAyd €D

[5S1(8102) " 3@ neaunD

[€9] (€107) “[e 19 BDIRD-EOUSND

[87] (£102) "[e 12 ulliag
(0€ =u) spuadsajopy

(Uo1edNPS [euUISIeW) $3S aA1DeUL - A1eBns pue syoeus ybiy ‘eAnde Ajedishyd ‘€D 1S4 Vdt
LD U139 0187040 HO  AlleaisAyd pue awin usaids YbiH 7D (960°0€) [e30L oAldeul
(uonesnps [euialew) 535 7 (%°€S) SO aAnDdeUl A|led1sAyd pue sy usaids ybiH 7D AjjedisAyd pue swin usaids ybiH ‘2D
SISy O (%89t) skog (969°G€) [e10L 151 NS1 gSS1 vd|
VN SISHL LD alAisa| Aupjeay Ajpaneray 1D 3|Aasayl| Ayijeay AjlnnerRy 1D aA1sayl| Aypjeay Ajannejay "1 [98] (020¢) “[e 39 Bbueny-Hues
aby s3s xas
aouajenasd paynens ajdwes jejop
payniuapt
dudjenrdld u pue Llewwns sid1sn|> (4e3p) ssoyiny

(PanupuOd) | 3jqey



Page 12 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

(z=u)
1S SSSY A4t vdy
)
1S SSS AJY vdt
1D
SHID
%9759 1Sy SSS1 A4Y Vdl
&) )
%l 1€ 1S SSS{ A4 vd?
1D )
SPID skog
%505 WYY 1S SSS A4Y Vdy
) @) )
%8161 %9195 1S SSS) A4t Vdt
1D 1D )
WN N skog a|duses ajoym 3|dwies ajoym (951 (1Z02) “[e 39 OJ)9IN Op
(96811) SHID
(%07 1) skog
9 J21sN|D 9D
(%1°81) SHID
(%L 1) skog
G 191N SO (9=u)
(96T0L) SHIO 951 9551 A4l Vdt
(%9'8) shog 9431sND 9D
7 19IsND ¥D 954 9551 Adt Vdt
(%0°51) SHIO G RSN 6D
(%1°51) skog g51 9SS Adt Vdt
¢191sn|DeD {7 191sND v¥D
(%077) SHID 9S4 9551 A1 Vdy
(%1°€7) skog €4asN|D €D
zHRsND D 9S4 9551 A4t Vd1
(6621) SHO TI3sND 2D
abe 1ap|o | 9D pue $ (%0'77) skog 951 9551 A1 Vd|
abe ssbunoA | € pue 1D S3ISTL D L423snD"1D - LI2asnD 1D [15](8L07) “[e 32 seyueq
aby s3s x3s
asuajenasd paynens ajdwes jejop
paynuap;
2dudjeAaid u pue Krewwns si2isnpD me>v sioyiny

(panupuOd) | 3jqey



Page 13 of 44

(2023) 23:1572

Alosaimi et al. BMC Public Health

VN

(%S€) ¥D
(%L'€V) 0D
(%€'10) 1D

sieak 61-g| aby
(%8ey) €D
(%180) 0D
(%180) 1D
sieak /1-9| by
(%S'Th) €D
(%6°€€) 1D

saullapinb
|[B 199 01 AJa3y)| $$9] $3S 4

(%+°0) SHID (1=u)
(%5°0) shog (%t0) [e30L 154 9SS A4y VdAWY,
1D 1D 1D

(r=U) 9S~4HN1 Ad? vd?

[£¥] (1102) “12 32 2304

(%9°€2) 1D D
sieak Gl -¢ | 9by 45 ~Ad~Vvdt
%610 %D 536 1 sieak )
(%6'€€) €D 61-81 abe U D pue ‘7’1 9S4 4HN| vd?
(%591) 2D UMOUXYUN SeM @)
(%6'£2) 1D uo1EINPS [eUISIRW S1eak gy 9S~Ad} vdy
sieak z1-1 1 9by ZL-LL8beuryDd pue’ed D O | ¥DPUR’ED DD - ) [£5] (¢z02) "2 32 O|)2IN Op
aby s3s x3s
aouajenasd paynens ajdwes jejop
paynuapi
adud|eAald u pue Llewwns sid1sn|> (1e3)) sioyiny

(PanupuOd) | 3jqey



Page 14 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

SHID

(I'L=%0) £0=(1D%S6) 3/0

8¢ =0 pa102dx3

G'T=% PaAILSSqO

¥eIUl YULIP 1OS YBIH / dwi U9ids
ybIH / Auanoe jedisAkyd mo1 /D
(Tl =50) 80=(1D%S6) 3/0

79=9 p=122dx3

6'v=9% PaAI9SqO

¥RIUI}DRUS YBIH / W) UdaIds
ybIH / Auanoe [edisAkyd mo19)
(91 -80) L'L=(D%S6) 3/0

G'9=04 pa1dadx3

C'L=% PaMI9sqO

awin

u2a12s YbIH / AuAnde [edisAyd mon
/ &e1ul 9|ge1aban/ 1n1y MO 5D
(ST=£0)¥'1=(1D%S6) 3/0

1€ =0 pa10adx3

¥ =% PaAIRSAO

el ydeus ybiH /

9¥eIUl YULIP 1OS YBIH / dwi Uaaids
UbIH / Auande [eaishyd mo D
(0L =50) £0=(1D%S6) 3/0

€G=0, pa102dx3

8'€ =9 PaAISSqO

el yoeus ybiH / awin

u2312s YbiH / AuAnoe eaisAyd mo
/ 9e1ul 9|ge1aban/ 1n1y MO €D
(07 -80) €1=(1D%S6) 3/0

€€=09 pa1dadxg

Y =% PanIesqO

{eIUI UL YOS YbIH / awn
u2a12s YbIH / AlAnde [edisAyd moT
/ e1ul 3qe1aban/ Uniy Mo 7D
(9€-6'1) 97=(D%56) 3/0

1'7="% p=123dx3

6'9=9% PaMISSq0

ENEAURLEN

UBIH / &eul yjuup 3os ybiH / awin
u2a12s YbIH / AlAnde [edisAyd moT

(L=u)

1Sy dsD| VdAWN?t

Xeul YuLp os YybiH / awin u9aids
UbiH / Auande [edisAyd mo /D
1S NS VAW

4eIU ¥oRUS YBIH / SWI USIDS
ybiH / Aanoe [eaiskyd mo1 9
1S} At VdANT

swin

u2a12s YbIH / AlAnde [edisAyd moT
/ eur 3|qeiaban/ 1Ny Mo 6D
1S] a@sd| NSJ VdAWA

el yoeus ybiH /

Ul ULP YOS YBIH / dWi UdaIds
ybiH / Ayanoe [eaiskyd mo v
1S) NSy A4t VdANT

91Ul }oeus YbIH / oWt

U125 YbIH / AlAnde [eaisAyd mo
/ ¥eul 3|qeiaban/ 1Ny Mo €D
1S dSD A4t VdAWL

U UL Yos ybiH / awin
u2a12s YbIH / AlAnde [edisAyd moT
/ eIl 3|qeIbaA/ NIy MOT 7D
1S} @S| NS A4t VdANT

iUl yoeus

UBIH / e1ujutip Jos YbiH / swn

gHN L SIS 11 / e1ul 9|qe1aban/ 1uniy Mo 1D uaa12s YbIH / AlAnoe [edisAyd mon
VN gHN A SISH shog - / el 3|qeIaban/ uny mo7 1D (521 (2 107) “|e 32 ApieH
aby s3s xo5

aduajeaasd paynens

ajdwes jejop

paynuap!
adudjendld u pue A1ewwns s19sn|>

(1e3A) ssoyIny

(panupuOd) | 3jqey



Page 15 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

pa129dxa 99 P|NOM 1 UeY} 2J0W
%091 SeM (1D) gHN G YyIM O g
gHN JO 32U31N220-02 | ©

(I'e - 50) €1=0D%S6) 3/0

€€ =9 pa123dx3

Cv=9% PaAI9sqO

Ul JUIp Jos YbIH / awin udaids
ybiH / Auanoe [eaiskyd mot /D
(01 =50 £0=(2%S6) 3/0

£'9=% pa1dadxg

L¥=% PaAI9sqO

e1u] oeus YbiH / Wi Usaids
ybiH / Auanoe [eaisAyd mot -9
(€1 -£0)60=02%S6) 3/0

#9=09 P3122dx3

0'9=9% PaAI9sqO

awn

u2a12s YbIH / AuAnde [edisAyd moT
/ eIl 3|qrIabaA/ NIy MOT 6D
(€T-60) ¥'L=(2%S6) 3/0

TT=% p=122dx3

1'€=9% PaAIosqO

el 3yoeus YbIH /

Ul Julp Jos YbIH / awin u9aids
UbIH / Auanoe [esishyd mo 4D
(Oc-71) S1=00%S6) 3/0

€7 =9% pa123dx3

9'9=9% PaAI9sqO

yeiul yoeus ybiH / awin

u2a12s YbIH / AuAnde [edisAyd moT
/ 3eiul 9|ge1aban/ 1niy MO €D
(CT- L0 T1=(D%S6) 3/0

1'7=9% pa102dx3

9C=% Pa/I9sqO

931Ul jULp Yos YbiH / awiy
uaa12s YbIH / AlAnde [edisAyd moT
/ 9e1ul 3|qe1aban/ Uniy Mo 7D
Fs-T1)9T=02%S6) 3/0

' | =9 pa13adx3

£'€=% PaAI9sqO

ENEARLEN

U6IH / e1ul yulp Jos YBIH / awn
u2a12s YbIH / AlAnde [edisAyd moT
/ eIUl 3|qRIRBAA/ NIy MOT "D

aby s3s x3s

aduajeaasd paynens

ajdwes jejop

2dudjeAaid

paynuapi
u pue A1ewwns s19sn|>

(1e3A) ssoyIny

(PanupuOd) | 3jqey



Page 16 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

(S'1—-60) T'L=(D%56) 3/0
9'G=9 pa1dadx3

9'9=0% PanIasqO

SHID

(F'1—=80) L'l =(1D%56) 3/0
£'9=9% pa1dadx3

T'L=% PanIasqo

(L=u) LUS| A4 vdt

VN VN shog - [} [08] (6107) “e 19 UBYY
18'0=(1D%S6) 3/0
9’1 =9 pa1dadx3
€1 =9% PaMISsqO
|einy
€1'L=(D%S6) 3/0
9'L =09 pa123dx3
8'L =9% PanIesqo (L=U)
ueqgin gS| A4t vdt
VN VN VN 1D 1D [¢8](1207) “[e 13 Ipexay
(‘UOIIBPUBWILIOIAI Y3[eay Aue 193w 10U pIp
a|dwes ay1 Jo 94 7 puUe ‘SUOIIBPUSWILIODSI
92143 P3J|Y|NJ %S INOGE AJUO ‘Suoiiepusw
(SMIB 968G 'SAOQ 91'€) SUONEPURW  -WIOD3J INOJ P3||Y|NY 950 > 'SUOIEPUSILIO
-WO0DaJ 93143 P3||Y|N} %S INOqyY -231 Y[eay oAy Y1 19w a|duwies ay1 Jo 90) (L=u)
(SHIB %0 's£0q 95'0) suon %0 ALt A4] dAy 49] VAW
VN VN -BpUsWWOda] Inoj paj|y|n} %50 > 1D [} [9/] (#10T) "[e 32 UOS|op| OulIedIR|
(€=u)
(%T LY) 1S~d3t A1 vdt
[eoidA] €D [ea1dA] '€
(9%%'90) 1Sy @3y Ad~Vvd~
[NJu3eayuUN "¢o INJYesyun o
S3IST €D (%5'92) 1St @3t A4l vdl
J9pIo | €D S3ISTL O g€ INJY3esH "1D INJY3eaH "1D [zv] (€107) Buem pue mouue|
(€=u)
%L vy g5} Odt VAW
VED VED
%967 g5+ 0d| VAW
\Z4®) \Z4»)
%L°S g5y 0Q| VdAW{
V1D V1D
%8'LC g5} Od| VdAWL
9eD ged
%C9 g5t 01 VAW
9¢D g4¢o
%€0L 451 0d| VdAW{
abe saplo | g€ D VN a1D - gD [7i] (8107) "I 19 Z1ieH
aby s3s xas
asuajenasd paynens ajdwes jejop
paynuspl
dudjenrdld u pue Llewwns si31sn|> (4e3p) ssoyiny

(panupuOd) | 3jqey



Page 17 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

dnoib abe sieak G| | 7D

(96L7) SO
(e Ty) skog
[49)

(%6'55) SHID
(%8£'LS) skog
S3ISTL D LD
(%L 75) SHID
(%€ St) skog
@)

(9%9°65) SHIO
(%t 0t) skog
1D
S1U9dSa|ope Bulniew Ae3
(%5°£5) SHID
(%S °¢h) skog
)

(%¢'09) SHID
(%8 6€) skog
@)

(%C'8Y) SO
(%8'15) skog
1D

(t=v)

(%/8°Cy) [2I0L LLSY 4HNY 4HY vdi

[@e] [}

(%€1°£S) [eI0L LLIST 4HNT 4HT vdt

3] [}

(5=u)

1S} 4HN{ vdi

)

1S4 4HN1 vdt

]

S)uadsajope buniew Ajies
1S} 4HN{ vdi

€

1S4 4HNT A1 Vdt
@)

A vdi

]

[¢51(8107) “e 1o el

VN VYN S1U93S9|0pe Buliniew awi} uo/a1e -~ SJUddS3jope buliniew awil Uo/a1e [85] (z207) “|e 10 saey ebRY
(O6TSL) SHIO
(%18) skog
€ (e=U)
(%87) SHID 9S4 4HNY Vd1
(9%9°¢) shog €
) 45| A4t vdr
(%7'8) SHO @)
(%°5) skog g5} 4HN| A41 Vd?
VN N 1D - 1D (€8] (Lz0) |2 38 BuoT
aby s3s x3s
aouajenasd paynens ajdwes jejop
paynuapi
adud|eAald u pue Llewwns sid1sn|> (1e3)) sioyiny

(PanupuOd) | 3jqey



Page 18 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

(€=u)
O UIeq 01 al0W %1 SIS H (%520 as| 4H 4HN| vdt
1D U139 03 553] %€ SIS H ASU-UaesH '€ ASU-YiesH €D
S35 pa1eIdosse Ajasianul 1 (66'tb) 951 4HN1 4HL vdl
53514 €D DYE») 131p pue g bupowoid-yies ‘7D 131p pue vd bunowoid-yiesH 7o
SISHI O al o (%9°7€) gSt 4HT dHNT vd?t
1D U1 9q 01 | 9%/ oBe uj Jeak |, S35 1D 91D 191p pue gs bunowoid-yieay 1D 13Ip pue gs bupowoid-yieaH 1D (€51 (8107) “[e 32 senew
(%£°8S) SHID
(9L ) shog
1yBlam
Aajeay ‘axe1ul A4 AyyesH ‘9>
(%¥°£9) SHID
(69'C€) shog
1ybrom
Auajeay ‘awi} uaaIds Mo 6D (9=u) 1S| A4| Vd?t
(%S 7€) SO 1yBlem
(9%S'59) shog Ayneay ‘el N84 AyyeaH 9>
ybrom 1St Ad~Vdt
Auajeay ‘aande Ajjediskyd D (%S°E1L) 10 1ybram
(9%9°09) SHID 1yb1am Aujeay ‘aelul g4 AuieaH 9D AYfeay ‘awiy usIds MOT 6D
(%t 61) skog (%1°£) |e10L 1S A4t Vdl
1ybram 1yB1am Ayi[eay ‘awin Uaaids MoT°6D  1yblam Auiesy ‘SAilde A|ediskyd D
Auypjeayun JuBIRYPe-IWRS €D (9%t'€1) [0l 1S4 A4y vdt
(965°LS) SO 161om Auajeay ‘aande Ajledishud 2 1yB1om
(%5'8Y) skog (%81 1) [P0l Ayzjeayun ‘Juiaype-1uss '€
1ybram 1yBIam AYieayun ‘1Ualaype-lwas ‘€ 1S4 A4t VdANE
S3ST119D Auypleayun ‘Juaiaype -UON 7D (%¥°G1) [eroL wybram
SIS0 (9%1°15) SUID ybIam Aujeayun qusiaype -UoN 7D Auypjeayun ‘Juaseype -UoN 2D
SISTL O (%6'8Y) skog (968'8€) [e10L 1SJ A4t VdAWE
slenpiaipul bunoA | 6 S35 LD yblam Ayeay ua1sype-uoN "1 JyBrom Ayiesy usisype-uoN 1D yblem Ayiesy Jusisype-UoN 1D [18] (£107) "2 39 dIpuep
aby s3s X3§
@ousjenasd paynens a|dwes |ejoy
payniuspl
adudjendid u pue L1ewwns si91sn|) (1) ssoyany

(panupuOd) | 3jqey



Page 19 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

VN

(%9°£9) SHID

(%tC€) skog

Sal|lwey JoIARYDQ JUsbIaAI] €D

(%1°6%) SHID

(%605) skog

Ssaljlwiey JoIARYDG Ayeayun 7D

(9 £9) SHID

S35TL D (968°7€) shog

SISH | €D pue 1D sal|lwley Joineyaq AyieaH "1

(%€°5€) spD
(%1°92) skog
G 131N SO
(%8°S) SHID
(%¢€2) shog
191N ¥D
(%CTl) SHD
(96+21) shog
¢1a1sn|D gD
(%81 1) SHID
(%7'91) skog
49N 7D
(%8%¢€) SHD
(%€°5¢) shog
L 42N 1D
VYNY13
(%C°0€) SPID
(%t2€) skog
GuRSND S
(%681) SHID
(%1 1) skog

(e=u)

1St MSt 4H{ YdANT

saljiuiey Joineyaq 1uabianig ‘gD

1Sy MS| 4H1 VdANT

sal1we Joneysq Ayesyun 7D

1S MSt 4HI VAN

-— saljluiey Joineyaq AyiesH 1D

(G=u)

ALt @SSt AJt VAN

G 121N 'SD

ALt @SSy A VAN

'se pajuasaid

123N 1YL SIB YN Ul Seasaym
ALt @SSt D] VAANT

¥ 493N ¥

ALt @SSt At VAN
€121snD €D

ALt 9SS A4t VdANT
¢_snD D

AL] 9551 A4t VdAWA

L 423D 71D

S3IPNIS Y10Q Ul SaNLIe|IWIS
pamoys sia1snpd ‘spib buowy
ALt @SSt At VdANT

G J4a1SND 5D

AL 9SSy A~ VdANY

:Aq pazlia1oeleyd sem
12152 'Apnis YN 13 941 Ul
ALt @SSt Ad) VdANT

:Aq pazlia1oeleyd sem
431sn> “Apnis YN TIH Y2 U]

[8/] (8107) “[e 32 uuBWLIBIN

191N v ¥ 493N ¥

(%S°SL) SHID ALt @SSt A4t VdAWY

(%961) skog €J491sN|D €D

€1915N|D €D AL~@SS| A4t VdAW

(%9°€1) SHIO ¢ARsND O

(%91 1) skog ALl 9SSt A4t VdAWA

IRsND D 2N 71D

(%6'L2) SHID SINOIABYSQ 1UIDYIP PIMOYS 1

abe 1apjo | ¥D 'O YNY13 (%.°81) skog 123sN|> sea1sym salpnis YNV 13 pue

abe1sa6unoh | €30 YNITIH L 12N 1D YNITIH Y10g Ul Jejiwis 21am
abe1s9bunok | €1 ‘g ¥YNI1IH 9DUIYIP UedYIUBIS ON VYNITIH -— ‘Gpue’c ol | siasnp ‘skog buowy [#9] (8107) “|e 19 BJIRION

aby s3s X3§

aduajeaasd paynens

ajdwes jejop

paynuapi
adudjendld u pue A1ewwns s19sn|>

(1e3A) ssoyIny

(PanupuOd) | 3jqey



Page 20 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

VN

abe Jap|o | gHN |

g49pIo | 1D
abe Jsbunok | gH pue €

(€TL'zol) L'l =(D %S6) 3/0
0'LL=9% pa123dx3

C'TL=9% PanIesqo

SHID

(L7'1'8L'L) TE'L=(1D %S6) 3/0

0'6="9% p2122dx3

8'LL=9% panesdo

N skog
(%8°2) SH1D

(%t€) skog

Kep/sbuinIas G >sa|q

-e1963A/53IN14 / 3¥eIUl ABIsud

|B101 JO 1B} 0450€ > 164 /Aep Jad uiw
09>Vd /Aepiad ulw 071 <AL'€D
(%0°L) SHID

(9%1°1) skog

Kep/sbuiniss G <sa|q

-e1969A/53IN14 / 9¥eIul ABIsuU

P10} JO 1B} 960€ <14 / Aep Jad ulw
09>Vd /Aepsad uiw 0z <ALCD
(%8%1) SHID

(%86) shog

Kep/sbuinias g >sa|q

-e1963A/53IN14 / 3¥eIUl ABIsud

|P101 JO 1B} 960€ <184 / Aep Jod ulw

VYN 09>Vd/Aepiad uw 0zL <AL'LD
(%8°9%) SHID

(%C €5) skog

ApesH s

(% ¥9) SHID

(%8 S¢) shog

Aujenb 121p ybiy ‘aandeul o
(%29¢) SO

(%8€9) shog

Aujenb 131p Moj ‘@AndY €D
(%6%) SHID

(9%19) skog

A1ewuspas 7D

(9%5°09) SHID

(%5'6¥) skog

Agyeayun 1

(S¥'L-¥80) 0L'L =(1D%S6) HO
9%1°2h) SO

SISHIE O
SOPURYD SIS

Saul2pING |18 12W %7

(%81) [e10L

AupesH s

(%) 12201

Ayenb 1a1p ybiy ‘sandeu; o
(%) 1P30L

Aljenb 131p moj ‘9AdY €D
(%2 1) |e30L

Alejuspas 7D

(%12) |e20L

Aupesyun 1

(£1=%0) L'L=(1D%S6) 3/0
(I'LP=8'7€) 0°8€ = (1D%S56)% P102dx3

(1=v)
LS| At VdAWE
1D

(€=u)

ALY A41 41 VAN

Kep/sbuinias G >sa|q
-e19H9A/53IN14 / 3yeIul ABISUD
£101 JO 18} 90€ > Je4 /Aep Jad uiw
09>Vd / Aep 1ad Ulw 0ZL <AL'ED
AL} A 4] VdANE

Kep/sbuinias G <sa|q
-e19H9A/51IN14 / 9yeIul ABISUD
|B101 JO 18} 0450€ < 164 / Aep Jad uiw
09>vd / Aep 4ad ulw 0ZL <AL'CD
AL} A4t 4] VdANE

Aep/sbuiniss G >s9|q
-e1969A/53IN14 / 9yeIul ABIsUD
[P101 JO 18} 960€ <14 / Aep Jod Ulw
09>Vd /Aepiad ulwi 0zL <AL'LD

(5=u)

0ady VAW

CHEEERCS)

951 0d| VAW
Aujenbiaip ybiy ‘sandeu) v
Odr VdAW|

Axjenb 1a1p moj ‘@AY €D
gS| 0~ YdAW?
AIRIUdPas 7D

951 0d1 VdAWL
Aypeayun 1>

(1=v)

[05] (#102) “[e 3= eAllS

[9%] (£000) “[e 12 Zaydues

[99] (1 102) “[e 19 219RASNO

00'L =(1D%S6) YO (L€v—1£€) 90r=(1D%S6) % PEAIBSQO 1Sy 4HNY Ydr
S|enpIAIPULISPIO 4 1D 9dUBIaYIp JuedYIUBIS ON (%18¢) skog (%S°01) [230L 1D [¥5] (9107) “|2 3@ SRUNN
aby s3s x3s
asuajenasd paynens s|dwes |ejoy
paynuapi
adud|eAald u pue Llewwns si31sn|> (1e3)) sioyiny

(panupuOd) | 3jqey



Page 21 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

abeiapjo | €D

%€ vY) SO

(91'22) shog

dnoib A1exuspas ‘€D
(96£°0Y) SHID

(%2 2t) shog

dnoib AyyeaH 7o
(%€°S1) SHID

(9%8'G€) skog

(%¥€) 2101

dnoib Aieruspas €D
(%L ¥) [e30L

dnoib AyyesH ‘7D
(%S2) |e20L

(€=u)

AL~GSt A4t ASD~MS ~ Vdt
dnoib A1ejuspas ‘€D

g5t A4} QSO MSA vd|
dnoib AyyesH ‘7D

1S{ A4t dSDY MS| vd

abe 1obunoh | 1D VN slaweb aADY 1D sioweb aAIdY 1D s1auweb aAndY ‘1D [72] (2102) e 32 OSO|oA
(Cl'1=901) 60°L =(1D%S6) 3/0
LT9L =% pa123dx3
€41 =% PanIesqoO
SHID
(86:0—60) ¥6'0=(1D%56) 3/0
7i'CL =% pa10adx3 (l=u)
LZ L1 =% PaAIesqO LLIS| A1 vdt
VN VN shog - ) [89] (0¢0?) “[e 12 ulppN
€0'1=3/0
75 ¥E =% pa1dadxg
§'SE=% PanesqO
SHID
¢LI'L=3/0
1907 =% Ppa123dx3 (1=u)
SL'EC=% PanI=sqO gS) AJ1 vdt
VN VN shog - 1D [6/1(6107) "2 33 YaL
(r=u)
(%6°0€) NNt Odt vdr
7 423sND ¥D 491D ¥
(%981) NNy 0% vdt
€1sND €D € 121N €D
(%€ ¢€) AWt 0QJ vdt
2 191sND 7D [4E k)
(9%C91) NW~0d~Vvd|
VN VN VYN LJ421snD 1D LJ2snD 1D [2/1 (#107) “e 13 19|buads
(%+°85) SHIO
(%9 L) shog
¥ 491sN|D ¥
(9£°0€) SHID (F=u)
(9%¢€69) skog (%6°0€) [e20L NNt Od% vdt
€ 11N €D £ 123sND +D 191SND vD
(%€°19) SHID (9%9'81) [e10L Ny Odt vdr
(%¢°8€) skog €491SN|D €D €131sND €D
¢AASND O (%€ 7€) [e10L NNt Ody vdr
SISy €D (%2'87) SHID ¢ 421sND D RN D D
SISHI O (%8'12) skog (9%¢91) [e10L NN ~0d~Vvd|
SIUS1ss|0pR I9PIO | €D SISHI LD [REDN ] [EE2(D ] LJ2IsnD LD [£/1(z107) “[e 32 13Buds
aby s3s X3§
adusjenasd paynens a|dwes |ejoy
payniuapt
dudeAdld u pue L1ewwns sidisn|> (1e3p) sioyny

(PanupuOd) | 3jqey



Page 22 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

USIpJIY2 43pio | 70
sHul

(9669) SHID

(91€) skog

VdAN MO|

/Inoineyaq Areiuspas YbiH €
(9%28) SHD

(%8) skog

AL Luum>> O£>> slswnsuod g3 7D
(969%) SHID

(9¥5) skog

Ayyeay1so 1

u1pliys 4epjo

(%65) SO

(%0%) skog

VdAN MO|

/Inoineyaq Arexusapas YbiH €
(%¥) SHID

(%95) shog

AL Y2IBM OUM SIBWNSUOd 03 7D
(908) SHID

(%05) skog

AYa[eay 1soN “1D

(9%1€) [e30L

VAN MOJ/Inoineyaq AleIuspas YbIH '€
(%) [e101

AL Y21em Oym Siswinsuod g3 ‘7D

(%z€) [e10L

Aupeay 1o 1D

ualp|Iyp 19pIO

(%92) [e301

VdAN MOJ/INOIneYSq A1RIUBPaS YBIH '€
(%6€) [e101

AL Yd1eM Oym SIswnsuod g3 ‘7D

(95€) P10

AYijeay 1o "1

(€=u)

g5} VdANT

VAN MO|

/InoiAeysq Aleiuspas YbiH €D
AL A Q3]

AL Y2IeM OUYM SIaWNSU0d g3 ‘7D
ALt 95t A3t VAN

GHN 4 gH | uaIp|iyd JaBunox $3S1L D ua1p|Iyd JSBUNOA uaIp|Iy> 196UNOA Agyeay 1O “1D [09] (7102) “[2 13 Y297
(%S°L L) SHID
(%17 1) skog (€=u)
() NS|
(9%t2) SHID 9SSy MS| 444 dat A4t 481 vd |
(%1 %) skog €
&) dat A1 4] NS 9SSy MS| vd |
(91°18) SHID @)
(%S '€8) shog dar Adt
VN 9u1341p JuedYIUbIs ON 1D - 1D [06] (1207) “[e 19 lleyysoyy|
(£ =u) syuadsajopy pue uaipjiyd
(%£°0S) SHID
(%€ 61) skog
SAIDYMO| (e=u)
-PO0J-15e410U-1UBPNIHIOU €D 491 4HNT 4H1 VdAL
(%°0) SHID (%6'95) [e30L. SADYMO]
Agm.omv m>0m_ 9AI1DYMO[-PO0J-1Se410U-1UspPNIdIou "€ -P0O0J-1se410uU-1uspnidiou "¢)
A1e1uapas-pooyises 7D (%8€L) [eY0L 1S} 491 4HNY
(9%1°85) SHID A11USPSS-POO)-Iseq 7D A1R1USPaS-POO)-Iseq 7D
abeapio | 7D (%6'L1) skog (%€67) [PY0L 151 490 4HY VAL
abe sabunok | 1D SIS0 SANDY-IUSPNI 1D SAIDY-IUSPNId 1D SAIDY-IUSPNI 1D (51 (8107) “[e 32 BSMOJOPEM
aby s3s x3s
asuajenasd paynens ajdwes jejop
paynuapl
2dudjeAaid u pue Krewwns si2isnpD me>v sioyiny

(panupuOd) | 3jqey



Page 23 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

(9%¢'CQ) Syuadsajope Iap|o 11D

abe 1obunok | €3
abe 1obunok | 7o
abeaplo | 1D

VN VN

g sp|o

%€ 719 196unok 960t 11 €D

g J9p|o

%89 71 9 196unoA 919 112D

g J9p|o

%09 1.9 196unoA 9649 11 1D

D€

g1

N g1

(%5°6)

pOoOJ 1584 / ALIAIDE [eDISAYd / 2wl Udaids ‘7D

(%CT0)

AuAnoe [esisAyd /191p / Wil usaids 1D
61-91 9by

(9%0%)

pOoOJ 1584 / ALIAIIDE [eDISAYd / 2wl U9aids ‘7D

(%¥61)

Auanoe [esisAyd /191p / Wil usaids 1D
Sl-¢L 9by

(%9%)

pOoOJ 1584 / ALIAIIDE [edIsAyd / awil Udaids ‘7D

(%61 1)
Auanoe [edisAyd /191p / Wil usa.ds 1D

11-9 aby

(%¢t)

WA MOJ/Inoineyaq Aleiuspas YbiH '€
(9%60)

AL Y21em oym siswinsuod g3 ‘7D

(%6¢)

Ayyeay 5o °1D

71 'spjo-1eak-z1-01

(%92)

WA MOJ/INoineYSq Aleluspas YbIH '€
(96C€)

AL Y21em Oym siswnsuod g3 ‘7D

91¥)

Aynjeay 1o 1D

L1 'spjo-1eak-z1-01

(%1%)

VAW MOj/inoineyag Aleyuspas YbiH ‘€D
(%52)

AL Y21em Oym SIswnsuod g3 ‘7D

(96¥€)

Aya[eay 1so0N "1

71 'sp|o-1eak-9-g

(%52)

VAW MOJ|/AnoiAeySq A1e3uspas YbiH €D
(95€)

AL Y21eM Oym SIswnsuod 43 ‘7D

(%0%)

Ayajeay 1so "1

11 'sp|o-1eak-9-G

(c=u)

1Sy 448 vdt

poojise/

AuAnoe [edisAyd / s usaids ‘7D
1S} 13H? vdt

Aanoe

|ed1sAyd /131p / awi Uaaids 1D

(€=u)

gS| YdAW

VAW MO|

/inoineyaq Aleyuspas YbiH €D
ALy @3

AL Y21BM OYM SISWNSUOd a3 ‘7D
ALt @St @3t VdAWY
Ageayisow 1D

[611(0202) “Ie 12 Sukely

[661(S102) "[p 19 Y2997

aby

S3s XoS

aduajeaasd paynens

ajdwes jejop

2dudjeAaid

paynuapi
u pue A1ewwns s19sn|>

(1e3A) ssoyIny

(PanupuOd) | 3jqey



Page 24 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

(%6'60) SHID

(%S°£1) skog

191p Ayajeayun/Auanoe esisAyd
SN0JOBIA 0} 31RISPOW MOT $))
(%€91) SHID

(%8'87) skog

u2a10s YbiH €D

(968€) SHID

(%9'81) skog

191p Ay3jesy /AIBIUSPRS 7D
(%8°S1) SHID

(%5¢) skog

a|isayl| AyaeaH 1D
[SIERLETlelel-BETolle)

(%6°€S) SO

(%€ 9¢) skog

Auanoe [edisAyd snoiobia o1
91LI9POW PUB UIDS MOT 4D
(%6'50) SHID

(%8+¢) skog

191p Ayijeayun /us2i3s YbIH €D
(%6'6) SHID

(9 £) shog

Kieyuapas AlybiH 7D

(%€01) SHID

(%9 L) shog

aAisal| AyyeaH 1D
S1U2DSJOPE JaBUNOA

%L'1T) SO

(91'2) shog

131p Ay3eayun/AAnde [edisyd
ij;O@S 0} 21elopoWd MO &)
(%8'90) SHID

(%991) skog

u2a12s YbIH €D

(%'8€) SHID

(%9'72) skog

131p Ay3eay/AIeIuspas ‘7D
©L°€L) SHID

(9L'8¢) shog

€D 5351 aAisa| AyyesH 1D
‘dnoub s3uadsajope JabunoA uj uaIp|Iyd Jap|0

(%¥7) [e10L

191p AYi[eayun/A1iAioe

|e215Ayd SNOJIOBIA 01 31BISPOW MOT HD)
(%7) [eoL

u2312s YbiH '€

(%67) [e10L

121p AYajeay /AIeIupas ‘7D

(%S0) [e10L

alfisayl| AyjeaH "1

SJUSDS3jOPR 13P|0

(%0v) [e10L

AuAnoe [edisAyd

ij_OmS 0} 21eJ2pOoW puUe U=91dS MO v
(%S0) [eroL

121p Ay3jeayun /usaids YbiH ‘€D

(%6) 2101

Kieyuapas AlybiH 7o

(%¢2) [e10L

afisay| AyjeaH "1

S1U9D59|0pe J9BUNOA

(%¢0) |eroL

191p Ay3jeayun/Ayanoe

|ed1sAyd SNoIOBIA 01 91BISPOW MOT HD)
(%C2) [e0L

u2a.0s YbiH ‘€D

(%0¢€) [e30L

191p Ay3eay/AieIuspas ‘7D

(%97) [e10L

alfasayl AyyesH 1D

uaIp|iy> 49pio

(P=U) §S~LS~AIN1 VdAN?
191p Ayajeayun/Auande [edisAyd
SN0JIOBIA 03 1eISPOW MOT HD
g4S~1S{ dIN ~VdAN ~

u2a12s YbIH €D

g5 1St QINY VdAND

191p Ay3jeay /A1eIuapas ‘7D

gSt 1St @3N VAN

315y AeaH 1D
(S)UDS3|OPE JIP|O) SIAISN|D H
4S~ 151 dIWJ VAW

AuAne [edisAyd snosobia 0y
21LJSPOW PUE UDBIDS MOT HD)
gS~ 1Sy JINT VAW~

191p AYijeayun /uaaids YbiH €D
4S| 1S~ dIN ~VdAN ~
Kreyuspas AlYbiH ‘7D

451 151 QI ~VdAW

sisap| AuijesH 1D
(S3USDS3|OpPR JISBUNOA) SI2ISNP 1
g5 1St QINT VdAND

121p Ay1jeayun/Aiiande edisAyd
SNOIOBIA 0} 91RI2POU MOT HD)
g5~ 1Sy JINT VAW~

u2312s YbIH €D

g5 1St QINY YdAND

191p AY3jeay/A1rIupas 7D

gSt 1St AIW ~vdAW|

sisay| AuajeaH 1D

(UaIp|Iyd J2p|0) SIASNPD §7

[1£](8107) "[e 12 eAIO-ZaYdups

aby

S3s XoS

aduajeaasd paynens

ajdwes jejop

2dudjeAaid

paynusp!
u pue A1ewwns s19sn|>

(1e3A) ssoyIny

(panupuOd) | 3jqey



Page 25 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

VN

abe | gHN |

(%81°€1) WUSI[0PY
(9%96'01) 2By [00YDS
(%€£86) |o0yds21d

oWl UsaIDS r_@__(_

/AuAnse ybiya1p paxin D
(%¢'TY) WuIS9|0pY
(%66'9¢) 2B [00YDS
(%887¢€) [ooydsaid

QW] Uoalds

MO|/ALIARDR MO|/3BIP PIXIA €D
(%SC1) WuSD[0pY
(96589) abY [00Y2S

(99€°1) [ooYds31d

\f:mmI 1sea1 7D

(95 1°7€) 1uadSs|0py
(%1'Sp) 96y [00ydS
(%€6'SS) [ooydsaid
Is3lyleaH 1D

VN VN
gHN | SISH 1
gHN | S35 gHN | 5

(961'6%) SHIO

(%6'06) skog

2WIl Usalds

ybiy/Auainse ybiyaip paxin D
(%25) SHID

(9%0°8Y) skog

oUll] UlaIds

MO|/AYIANDE MO/3BIP PIXIA "ED
(%6°€S) SHID

(9 19%) skog

AyajeaH 1597 7D

%',
1D

(%t'1)

Kdousnbaly [paw Mo /

awin uaaids YbiH / AlAnde [edisAyd moq €D
(%8°0)

1sepjealq buiddps /

awin uaaids YbiH / AlAide [edisAyd moT 7D
(%5)

Aouanbaly [eaw Mo /1sepiealq buiddiys /
awin uaaids YbiH / AlAide [edisAyd moT 1D

(91 1) [eyoL

awn

uaa10s YbIy/Aunnde ybiy/asIp PaXIN D
(9£€) [e30L.

SWI1 U931DS MO|/ALIAIDE MO|/1D1IP PRXIN "€D
(%) 12301

(1=u)
LLIS| A4t VdNY
[}

(€=U) 1S} W1 Vd?

Aouanbaly [eaw MO7 / Wi USIDS
ybiH / Ayanoe [eaisAyd mo €
1SJ 491 vdt

1sepjealq buiddpig / awip usaids
UbIH / Awande [edisAyd mo 2D
1Sy 4Nt 494 Vdt

Aduanbaly [eaw Mo

/1sepjealq buiddpys / awin usaids
ybiH / Ayanoe [eaiskyd mot 1D

(F=u)

1S4 49) A4} 9SS) NSy Vd|

QW] Uaalds

yb1y/Auanse ybiy/as1p paxin D
151 41 41 vdt

QW] UaaIds

MOJ/ANAIIDR MOJ/A3IP PIXIN €D
1S} A4 4ry vdt

[16] (5102) “[e 32 S11BM

(L=u)
s)npy BunoA pue sjuadsajopy

[68] (8107) “[e 32 19POIY2S

saliobajed abe Aq paynels (%9%%) SHID AyyeaH 15897 7D AyyjesH 15897 °7D
1335N)3 Ydea ui sauadss|opy (%t'55) skog (%) |eroL 1St 498 Ad] 9SSt NSt vd
Judap|iy) jo abejuadiad VN 1531YljesH 1D 15914l[eaH 1D 159lyjesH "1 D [St] (9107) “Ie 19 9b31wyds
aby s3s X3S
@ouajenasd paynens ajdwes jejop
paynuspl
dUdeAdId u pue L1ewwns si31sn|D (1e3)) sioyany

(panupuOd) | 3jqey



Page 26 of 44

1572

(2023) 23

Alosaimi et al. BMC Public Health

Auande jedisAyd ajesapow gy ‘Aousnbaiy [eaw fpy ‘Pooy yun( 47 “131p ueaueLNP3 I ‘Xopul Buiies Ayijeay jH ‘dsn eIPaW NN ‘SIDAIMS S DI} BUIIUS | |[S ‘UOISIA[D] AL

‘syonpoud Kitep 4@ ‘1sepjealq 49 ‘epos pue sydeus A1jes 4ebns s ‘2iqy g/{ ‘FI0MIWOY 0} PRIOAIP SINOIARYDC A1RIUSPIS JMHFS ‘SPOO} 1Se) {4 ‘91eIapow ~ ‘sydeus Ayljeayun NS ‘sinoireyad L1eluapas gs 4amndwod pue uols
-INS]91 WODAL ‘S11B D “S|qe|ieAe 10u -— ‘spooy AYyjesy 4H ‘spooy Ayijesyun JHN ‘Aljenb 131p 0@ ‘sabeianaq paualsams Jebns gss ‘ones Aoenbape uesw Yy ‘osusp Abisus g7 ‘Auande [esisAyd snosobia 01 S1eIapow VdAN
‘passasse 10U i Nulp 1os pajeuoqted gsd ‘Auiande [edisAyd snolobia VdA ‘Ybiy H ‘skoq g ‘swn usaids S ‘spooy Aieuonadsip 45/q ‘sajqeiaban pue suniy A4 ‘Auande [eaiskyd vd ‘moj 4+ ‘ybly | ‘sniels J1Wouoda010s S35

abe1saplo | €D

(%£°8S) SHID

(%€ 1) skog

SI010B XSI MO €D
(%0°L€) SHID

(%0'69) skog

S10108) Sl 21RISPON 'CD
(%9°02) SHIO

(%t'62) SAog

(%€°€€) [P10L

SI0128J 3SU MO €D
(%¥%2) [eroL

$10128) XSl 91RISPON 7D
(%C'Th) [eroL

(€=U) WODALL 4HN? 4H| VdIN ~
10308} S MO €D

WODALY 4HN ~ 4H ~VdN{
10108 ¥{SII DIRISPO ‘7D

ALl AHN{ 4H VAN

abesabunok | 1D N $1030e4 3451 YBIH 1D 10328 451 YBIH "1 D $1032e) 3451 YBIH 1D [¢6]1 (S10T) “[e 19 GoaxeN-|y
(L=u) s3npy buno,
aby s3s X3s
aouajeaasd paynens s|dwes jejoy
paynuapi
adud|eaald u pue Llewwns sid1sn|> (1e3)) sioyiny

(penunuod) L ajqeL



Page 27 of 44

(2023) 23:1572

Alosaimi et al. BMC Public Health

95990
AYBIPMIaN0 + S pue ‘4D ‘7D
95990,/1YbIaMISA0 + 8D
V/ING+8D

2doin3 yuoN

95900/3yblam

-1I3A0+(Q 1D PUR ‘6D ‘9D ‘7D
V/INg+0LD PUe 629D ‘7D
2doingise]
95990,/1yb1aMIan0 +

V/ING +

£D1dadxa s IV

ueauel

-131pa/2doing yinos

ON

alleuuon
-sanb ay3 Jo uona|dwod Jo
UOSeas pue [aA3] Uon
-ednpa |ejuaied ‘abe 'xag

uolssalbal S1D9/jo-PaxIN

959q0/1ybIamIanQ -
1ybrom
Ayyeayaybramispun «
:SN1eIS WYBIAN
$31025-Z \//INg

S31JJUN0d
ueadoind 1se3 pue ueadoin3

YUON 31 Ul pasdwiod 6 121snDy
1S4 dsd| vdAr

9AI10BUI AjjedisAyd pue

Aleiuapas ‘9xelul abesanaq YbiH ‘6D
Sa1J3unod ueadoing

YHON Ul pabiawa sem g 191SN| Dy
1Sy dSO1 A4} VdAt

191p Ayyeay pue

aAIDRUI AjjeDISAYd ‘AleIuapas ‘8D
eISy [eus)

-159/\\ pue adoin3 yuoN Yiog ul
Juasald sem 7 121snD

asoy Ad|

el

A'94 pue 33Ul 9beIaAaq YbiH /D
adoin3 yuoN ul1dadxe sdnoib ayy
||e Ul Jusaid sem g 431N Dy

1S4 dsOtr Adt VdAr

SAI1DRUI Aj[edISAYd pue Aley

-U3Pas MOJ ‘231Ul 9beIaASg MOT 9D
eISy [B41U9D)

-1S9/\\ PUB S3113UNOD UBSURLISUPIN
/2doing yinos ‘adoing Y1IoN

1S VdAT

9AIIDRUI A][BDISAYd pUR AI1RIUSPIS 6D
$3113UN0d UeadoINg YLIoN aY3 Ul
pabiawa AJUo § Ja1sN|D

1S} VdAL

Aleiuapas pue aAlde A|jedisAud D
elsy

|BJIUSD-1SIMN PUB S31IIUNOD UBaUR)
-191paN/2doing yinos ‘adoing

15€3 Ul PIAISSCO SBM € I1SND «
VdAL

9A10R A||e2ISAyd €D

sdnoib

1IN0} ||B Ul PAAISSCO 24aM 7D pue | Dy
dsor A4

131p Ay1jesH ‘7D

1S4 asOr Ad) VA

181p Ayyeay pue aAnde Aj[edisyd 1D

(591 (6102) "2 12 12119529
(e=u) uaippyd

syjnsay

suoneosse
paynens-xas

sajelienod)

sis|eue Jo poyia|\

S3WO023IN0 Y3jeaH

Alewwins si91sn|)

(1e34) s1oyny

(91 =U) s}npe BUNOA pue ‘sJuadss|ope ‘UaIp|Iyd Ul Alsodipe Yiim sINoIABYSG A1e1USpas pue yd 181p Jo suisied Buliaisnd JO SUOIIRDOSSY g djqeL



Page 28 of 44

(2023) 23:1572

Alosaimi et al. BMC Public Health

2UO ueY) Ja1eaIb
ZOMPUE ZING+ D Ul g

ZSS pue

‘DM ZING+ €D pue 7D SOA
sJeak
£ 9be 1e 1yblPmIano + | D
sleak g pue

sieak / abe e INg+ 1D ON

sbe pue 535

INg pue Yuiq Jo

AJUNOD ‘sinoy Buisiom
'|9A3] [eUOEINPS [PIUSIEd
9]A1s AUAIOR pue a13adde
|esauab ‘sieak g obe 1e
21025-Z |INg X3S P|IYD

gS1 @SSt A4l vdr
9D
gS1 @SSt A4t vdr
SO

g5t dSSy Adt vdt

7D

as| 9SSt Adt vdl

€D

910DS-Z SP|OJUS JO WNS dS| dSS1 A41 vdt
910D5-Z [4®)

SOUIJUINDIID ISIeAN 451 9SSt A4t vdl
9102s-Z |INg 1D

4H{ Vd{
en-A1iods 40
dH{ 4HNY
uioned ydImpues €D

4H

ulaned ayeiul AyiesH ‘7D

AL AHNL

usaned bupdrUS-A1RIUSPIS *| D

RISY [BIIUDD-ISI Ul
P9AISCO AJUO SBM €| J2ISN|Dy

1Sy dsSD| Ad] WdA]

3elul

N394 ybly pue A1eruspas ‘oxeiul
abeianaq ybiy ‘aninoe A|jedisiyd ‘€1
S91IIUNOD UeSURLISYPaIA /2doing
UIn0os 03 2y10ads Sem 7 | I1sND «
1Sy dSOr Ad) WdA

191p AYyeay pue

9ANDe A|ed1sAyd ‘Aieluspas 71D
S91IUNOD UesueLISMPaA/2doIng
ynos ul pue adoing 153 Y1og ul
pabIaUID SBM | | J23SN|Dy

1S) dsD| vdA

9AIoe A||edisAyd pue Aey

-U9pas ‘oxeiul abesansq YbiH 11D
Ajuo adoin3

1583 Ul PAAISSO SBM O] 191Ny

1S| VdAy
aA1oe AjjedisAyd pue A1exuspas 01D

uolssalbal
2ns160] pue YAODNY

uiaed [eaw [euoll

1YBIPMIBAQ -
:SN1e1S YDA

uolissaibal piemydeg 21035-Z |INg

[£9](5100)
“|e 13 SelSed-riisalerues

[0/] (T10?) “[e 33 s]2q9NnD

S}NS3Y PaYNLIIS-XIS

sajelenod)

sisk|eue Jo poyia |\ S3WO021N0 YyjeaHq Arewwins si91sn|)

(1e3p) sioyany

(panunuod) g ajqey



Page 29 of 44

(2023) 23:1572

Alosaimi et al. BMC Public Health

0

A)1saqo pue
1YBIaMIA0 SARY O}
UBYD |, %/F ¥D Ul D
A11S200 pue
1YBIaMISA0 ARY O}
SdURYD | % LS ¥D Ul g
A)1saqo pue
1YBIaMIA0 SARY O}
UBYD |, %ESG 7D Ul D
A11S200 pue
1YBIaMISA0 ARY O}
dUeYd | %E9 (O Ul g

A)s3q0 |eujwopge pue
A11S200/1YyBISMISA0C + | D

SOA

SOA

SOA

SOA

uon
-eJNP9 [eUlalRW pue by

sse|d Awouoda pue aby

9dA1 jooyos pue

'Xpul JJWOU0I IN0J0D
upjs ‘saiobaed abe
X35 'suoibal ue||izeig

uolssaibal dnsibo

uolssaibal disibo| Aleulg

uoIssa1bal uossiog

VAONY

1yblam

|eUWIOU pue ssauulyy bul
-pPNPPUI 1YBISMISAO-UON »
A1sa00 bul

-pNPUL YBIIMIBAQ «
:$N1e1s b

A1S9GO pue 1YBIsMISAQ *
:$N1e1s WybIop

A)s9g0 [eUILIOPQY
AUS2G0/1YBIIMIDAQ *
:SN1eIS 1YDBIM

2DUIYUINDIID ISIBAA
obeiuadiad ssew 991j-1e4
sbeiusdiad 1e) Apog

1Sy SSSY A4t vd|
@)

1Sy SSSY A4 vdt
]

SUID

1S} SSSt A4L vdl
(@)

1Sy SSSy A4y vdt
)]

skog

1Sy SSSt A4 vd|
@)

1S SSSY A4t vd?t
1D

3|duies 3joym

gS1 @SSt A4y vdt
9>
gS1 @SSt Adt vdt
SO
g51 4SSy A4t vdt
7D
gSy 9SSt Adt vd|
€D
gSy 9SSt Adt vdr
[4®)
gS1 @SSt Adt vd|
LD

1S] 9141 VdANT
)

MHES ~ 1S ~0Da%t VdAWY

9AI1DB pUB 13IP AYieayun 'sd
MHES~ 15| Oa* YdAW ~

195N U915 pue 13Ip AYieayun D
MHES ~ 1S ~0Da ~ YdAINT

9A12BUI pUR 13IP AUYIeSH €D
MHES{ 1S~DaJ YdAW ~
Jluapede pue 131p AYYesH 7D
MHES ~ 151 Oy VdAW|

SAI1DR puR 13IP AY3eaH 1D

[95] (120T) "I 12 Of |9 =P

[15](8102) “|e 19 seaueQ

[SS1(8107) “[e 18 neainD

[€9] (€L00)
“|e 13 ejDIeD)-EOUBND

(6=u) syuadsajopy

suoneosse

S}NS3Y PAYNLIIS-XIS

sajelenod)

sisk|eue Jo poyia |\

S9W02IN0 Y3jeaH

Arewwins s191sn|)

(1) sioyiny

(panunuod) g ajqey



Page 30 of 44

(2023) 23:1572

Alosaimi et al. BMC Public Health

INg+¥D PUe €3 D YNV 13
DM+D g YNVT3

49% Pue DM+ 1D 'd YNV 13
49% pue DM +2D g VNI TIH

Apnis YNV T3 oy Ul

|ooyds Jo adAy pue

‘Apnis YNITIH au1 Ul

636 ‘saipnis yioq ul

SOA yeiul Abisus |e1o]

91025-Z
abeiuadiad 1e) Apog
91025-Z

2DUR42JWNDIID ISIBAA
(Ausaqo

Buipnpul) 1ybIIMISAQ -

uolssa1bal dnsibo :221025-Z |\Ng

ALt 9SSt A4t VdANA

)

ALt 4SSy AL VAAWY

‘se pajuasaid

1915N12 SIY3 S|AIB YNV T Ul Sealaym
ALt 4SSt A VdANA

D

ALt 9SSt At VdAWY

€D

ALt 9SSy At VdANA

[4e)

ALL 9SSt At VdANA

3]

S3IPNIS Y104 Ul sanlie

-IWIS PAMOYS SI21SN|D ‘SI6 Buowy
ALt 9SSt At VdANL

]

ALY 9SSy A ~VdANY

:AQ paziia1deleyd sem

1 491sn[2 ‘Apn1s YNv 139Ul )
ALt 9SSt AL VdANAE

:AQ pazua1oeleyd sem

7 491sN|> "ApN1s YN TIH oy U
7D

ALt 9SSt At VAANY

€D

AL~GSSy A4t VdANY

[48)

ALY 9SSt At VdANAE

)

SINOIARYSQ 1USJYIP PIMOYS

P 121SN]2 SERISYM SIPNIS YNV 13 pue

VYNIT3IH Yioq Ul ejiwls a1sm
‘S pue ‘e 0} | s1a1snPd ‘'skoq buowy

[#9] (8107) “|e 1 eal2ION

synsay

suoneosse
payneiIs-xas

sajelenod)

sisk|eue jJo poyia|\ S9WI01N0 YijeaH

Arewwins si91sn|)

(1e3p) sioyany

(panunuod) g ajqey



Page 31 of 44

(2023) 23:1572

Alosaimi et al. BMC Public Health

ING+ED
LD Ueyl NG+ D

ING-¥D

$1e3K XIS JO pouad e 190
1yBlIaMIA0 01 JyDBlam [ew
-1ou WoJj abueyd o1 Ajay|
2I0W 3J9M SISQUIBW £
snyels

1yb1am ul buibueyd oy
s10101paud 219m S35 pue by
€D ulsem

19p|0 pue J2buNoA usamiaq
SWI} J9A0 SN1els 3ybram ul
abueypd 15910219
14BI9MISA0 Ul

95e3.0Ul uedYIUbIS pey

¥D pue ‘gD ‘7D urabe 1sp|o
SiagquILW 1yblam

-I9A0 JO 3sealdul 15ab.e| pue
sn1els 1ybiam ul abueyd
Juedsyiubis pey €5 ul g

21 urybramiano

3SPAUIDUI D pUB 7D Ul D

71 ur aseanu 1591ea1b pue
9% YBIIMIDA0 159ybIY €D
2101 || Wouj 9 1ybiamiano
pasealdul ¥ pue ‘e 7D
abueyd snieis 1yblapm

ON

ON

SOA

|2A9] uon
-ednpa [eyualed pue xas

VAONY

uoissaibal Jeaur]

VAONY pue uols

-—  -s21b621 215160] |elwounNA

95990 -
1YBIRMIBAQ +
1yDBIoMm [eulION »
:SN1eIS YD

(;w/B¥) Iwg

(Ausaqo

Buipn|pul) 1yblamiIsnQ
14DIoMm [euwlIoON »

:SN1e1S YD

AL~GSt A4t ASD~MS ~ Vdt
dnoub Aieuspas €D

951 A4y dSOT MSt v
dnoib AyyeaH ‘7D

1S) A4t dSDL MS| Vdl
slaweb ANy 1D

45y AsD] NS A4t vdr
Agieayun vD

95| SOt NSt Ad? vd ~
\fu._mwr_r_: mu_JO ED)

95 ~QaSDt NSt Ad~Vdy
\fﬁmwr_ mu_JO )

951 SO NSt AL V)

AyyesH 1D
Nt Oa* vdt
i)

NI OA* Vdt
€D

NNt 0dy Vdt
(48]
N~0DA~Vd{
1D

(/] (Z107) "2 13 0SOJ2A

[€£1(0100)
“|e 33 sIn|S Jap uep

[2/] (102) “|e 19 49|buads

suoneosse

S}NS3Y PAYNLIIS-XIS

sajelenod)

sisk|eue Jo poyia |\

S9W02IN0 Y3jeaH

Arewwins s191sn|)

(1) sioyiny

(panunuod) g ajqey



Page 32 of 44

(2023) 23:1572

Alosaimi et al. BMC Public Health

9590

/AYDBIaMIDAO SB SaA[RSWRY)
paAIRdIad oym g pue 9 Joy
gHN JO s2102s 4 Apuedyiubis
[PULIOU SB

waya aAleIad syualed syl
OUM 3S0U1 UBL1 Jay1el €D Ul
9q 01 A|21| 240U %/ DIoM
9590/0/1yDI9MISA0 Se WaY)
saA19249d 1ualed Jisyy oym g
[PULIOU SB WY}

san924ad 1ualed Jiayy oym
9501 UBY) 240w sem 1yblrom
-19puUn Se Wayl saAle24ad
ualed J1ay1 oym g oy 7D bul
-AeY JO YO 'L D 01 paledwiod
9 1yblom-jewniou ueyy
J2y1el €2 Ul aq 03 Aj2y1| 210w
96/ € 249M D 1yblomispun
[PULIOU SB

way3 sanediad 1ualed 1oy
OYM 3SOU1 UBY1 SI0W Sem
9590/0/1YDI9MISA0 Se WaYy)
san924ad 1ualed Jiayy oym
9 pue 1yblam [eudiou se
S9AISWY) paAIadIad oym
9SO UB] 55| 249M 95970
/AYDBIaMIDAO SB SaA[RSWRY)
paniR2sad oym 9 Joj 7D bul

snieis
1yb1om uaied pue ‘Alande
|ea1sAyd 1ualed ‘uonednps
Jay3ej ‘'uonednps Jsylow
'9UI} USJ2S 'awioy ayi Ul
uaIp|Iyd Jo Jaquinu ‘Al
-Al3oe [e2I1SAYd pIyD ‘(jeani

uols

sn1eis 3ybram

NSJ 9SSy MS]| 44y dat A4t 49t vd |
€

dat Adt 44) NS dSSI MSI vd |

@]

dar Adt

-ARY JO YO '1D 01 pasedulod) SOA  'SAueQUn) eale BulAl 9By -Sa4B31 d13SI60| [9AS|IINA paAlddIad pue [en1dy 1D [06] (1207) "8 32 1leyysoyy
(= u) syuadsajopy pue uaipjiyd
1D Ul ueyy A1Saqo [eaudd Jo
9DUBYD | 9%7T°C ‘7D Ul
€D Ul ueyl Aus
-90/1ybIaMmIa0 JO duURYD
1 96EE pUR A)IS2qO [eAuad JO
9duUeYD 1 %/¥ LD Ul
(asayby) 491 4HN JH1 VAT
A11S900/1ybIamIano pue SAIIDYMO|
A)S9GO [PIUD + €D -PO0J-15E410U-1USPNI4IOU "€
A11S900/1ybIamIano pue 1S4 491 4HNY
(3s9yb1y) A1S2go |enud +7D 21025 abpsjmou uon A1saqoaybismisnQ K1B1USPIS-PO0J-1584 7D
(3s9Mmo0)) A11S200/2yblam -1INU pue ‘9|edS aduUIN|e :SN1eIS YD 154 49} 4H{ VdAL [s/1(8102)
-J9AO pue AUSSQO [B1IUSD- | D ON  Ajiue) ‘aduspisal ‘9be 'xag uolssalbal dnsibo AUS90 [P)IUDD SAIDY-IUSPNI] "D “|e 12 BYSMO|OPE_A
s1nsay umc_«m‘_.um-xwm salelieno) sisk|eue Jo poyia |\ S3WO021N0 YyjeaHq Arewwins si91sn|) (1e3d7) sioyiny

(panunuod) g ajqey



Page 33 of 44

(2023) 23:1572

Alosaimi et al. BMC Public Health

dn-moj|oy

SI1eA 7 %49 pardipald
Aj2A1sod auljaseq 1e 9549
0

paJedwlod aulaseq 1e %4g
IV VERIETTelol-PEToll)
(sabueupd 9%4g)

D pue € 03 pasedwod
191e| S1eaA 7 9649 4 I91ea1b
1D Ul SJUSIS9j0pR J9BUNOA
D pue €D 03 paleduwlod 193
$1eak 7 pue aUI[95e] 18 %49
A 1D Ul 51USS3|0pe J3BUNOA
191€| S1eaA 7 pue aulaseq 1e
%49 1 LD Ul UsIpiys 4apjo

X35 pue
‘W11 JPIM J212WI0ID[2ID8
ON 'UOIIBINPS [eUIRIR

Alonidadsal ‘sniels

uolssalbal Jeaur

obeiusdiad 1e) Apog

gS~ 1S~ a3t VdANY

191p AY1[eayun/AuAiDe [ed

-15Ayd snoobiA 01 21eI9POW MOT HD)
gS~1Sy 3aW~YdAWN ~

u2312s YbIH €D

gsy LSt QI VAN

191p AYyeay /A1RIUpas ‘7D

gSt LSt QI YdAINY

3|A1sayl| AyieaH 1D

(SUDS3|OPE I3P|O) SIAASND

gS~ 151 3 YdANL

AuAnoe [esiskyd snoio

-BIA 03 31eJSpOW PUB USIDS MOT D)
gS~1S| d3aWt VdAW ~

191p AYyesyun /uaaids ybiH €D

gSy LS~ Q3N ~YdAN ~

Alewuapas AlYbiH ‘7D

gS1 LSt AIN ~ VAN

aA1sayl| AyieaH 1D

(S3U2DS3jOPR 19BUNOA) SIS §

gsS| 1St A3t VdAINY

191p AY1jeayun/ALAIDe [eD

-15Ayd snoobiA 01 21eI9POW MOT HD)
gS~1S| d3aWt VdAW ~

uaI3s YbiH €D

asy LSt QI VAN

191p AY1jeay/A1eiuapas 7D

gS4 LSt AIN ~ VAN

aA1sayl| AyieaH 1D

(U1PJIYD J13P[O) SI2ASNP

(1] (8102
“|e 13 eAI|O-Zaydues

1yblom auljaseq pue 4S| YdAW1
21035-7Z |INg dul|oseq 1o} VdAN
dn-mojjoy 1 paisn(pe Ajjeuonippe MOJ|/INOIARYSQ A1RIUDPSS YBIH €D
95900/1YBIaMISNO JO 2I9M S[9pOW [eulpnibuoT 95900/1YBIdMIaAQ - ALL Q3
SPpPO|, aulaseq 1e 7D jooyds Aq uojssalbal ybram AYijeay « AL Yd21eM OYM SIauNnsuod 43 ‘7D
sn1eis 3ybIam Jo 21015z BulsIsN|> pue ‘uonednpa  d1SIBO| pue Jeaul| jeulpny :SN1eIS IYDBIIM ALt 951 d31 VAN 651 (5102)
[INg 0 415N} dulaseg ON |eularew ‘dnoib abe 'xas  -1bUo| pue |PUOIIDSS-550.1D) 21025-Z |\Ng Ayyeay 10 “1D 18 19 D997
suoleposse
S Ns3Y PpayYieIIS-XaS salelieno) sisk|eue Jo poyia |\ S3WO021N0 YyjeaHq Arewwins s191sn|) (1e3d7) sioyiny

(panunuod) g ajqey



Page 34 of 44

(2023) 23:1572

Alosaimi et al. BMC Public Health

K>ouanbaiy [esw 4y 181p ueauURLIBHPIN gIW ‘Osuap ABIaus g3 ‘013l SPPO YO ‘SPOoy

158} 44 ‘s1onpoud Aiep 4@ ‘1sepjeaiq 4g ‘s19ams s ‘pariodal suonernosse Juedyiubis asiaaul/aanebau—sydeus Ayijeayun NS ‘asn elpaw Ny ‘18 Apoq uadiad g9 ‘@aualjuindid 1sIep M ‘epos pue sydeus Ayjes uebns
$SS ‘sH1b O ‘a1qy g/4 ‘pPariodal suoneosse Juedyiubis ON O ‘Y10MaWoY 0] PIIOAIP SINOIARYSQ AIRIUSPaS MHES ‘D1eIdapow ~ ‘Alljenb 1a1p D@ ‘“AlAnde [ed1sAyd snolobiA 01 31e19pOW AW ‘SAOQ g ‘9103s-Z SP|OjuIys JO WNS
Z6S '21025-Z 32UBIJWINDIID ISIBAM ZDAM ‘21025-Z Xapul ssew Apoq Zjjyg ‘shieis dILoU030100s SIS ‘sinolaeyaq A1eiuspas gs ‘sabeianag pausisams Jebns gss ‘xapul ssew Apoq (g ‘Aiianoe [ediskyd g ‘spooy Ayyjeay 4H ‘uols
-1A331 AL ‘spooy Ay3jesyun 44 ‘pariodal suoneldosse Juedyiubls sanisod + ‘abe 10y xapul ssew APoq y/jNg ‘SWil U1 1S HULIp oS pajeuoqied gs) ‘Moj 4 ‘sajqeisban pue suinuy A4 “A1iande [edisAyd snoiobia yga ‘yby |

UOU Y1M
3501 01 paledwod ‘% | | Aq
A1S900 [PUILIOPE JO SPPO

1 PUB %891 Aq 1ybram

-I9A0 JO SPPO | gHN €
AJIS200 |RUILIOPGE pUR
1yBIaMIaA0 JO SPPO | gHN |
2low 10

934U} Yam 25041 pue

gHN ou yum suedidi

-led U9aM13Q YIHM 104
G700 JO puUe 21035-Z ||Ng 10}
AS 05040 =duUsRyIP Y

(AuS2g0 |eulwOpge pue
A1159q0 pue 1yBIaMIaA0)
Buipiodauspun pue Jan0
ABIaua pue ‘AB1aua ‘uon

-eJNpa [euldlew ‘azis
Aunwwod ‘uoibal
‘abe 'Xas 10} parsnipe
uolssalbal o1sibo

(JIHM pue 21035-Z |INg)
Buniodauspun pue Jano
AbBisus pue ‘ABisus ‘uon

-ednpa [eulalew ‘azis
Alunwuwod ‘uoibai
‘abe 'xas 10j paisn(pe
S|apow Jeaul| [pIBUID

uojssaibal onsibo| pue
S|opoW Jeau| [elaudD)

AJ1S900 [PUILIOPQY
AuseqQ -
1YBIIMIBAQ +
:SN1eIS YD
HIHM

21035-Z \Ng

1S} 4% vdt

Aouanbauly [eawl Mo / duil U9aIds
ybiH / Alianoe jesisAyd mo €D
1S 491 vdt

1sepiealq buiddiyg / auliy usaids
ybiH / Auanoe jesiskyd mo 'z
1S} ANt 491 Vdt

Aousnbaly [eaw Mo

/1sepiealq buiddiys / awil uaaids
UbIH / Auanoe [esisAyd moT *1D

[68] (8107) "[2 19 19pOIY>S

synsay

umc_«m‘_.um-xwm

sajelenod)

sisk|eue Jo poyia |\

S9WI01N0 YijeaH

Arewwins si91sn|)

(1e3p) sioyany

(panunuod) g ajqey



Alosaimi et al. BMC Public Health ~ (2023) 23:1572

72, 76, 79, 80, 83, 89, 90], ten studies by age group [19,
45, 57, 59, 60, 63, 69, 71, 72, 89], three by region [64, 65,
82], and one study by maturity status [58]. Overall, more
females were found in the unhealthy clusters [25, 44, 46,
53-55, 57,59, 60, 68,71, 77, 80, 83, 89, 92] or mixed clus-
ters comprising a combination of high diet quality, low
PA, and/or high SB [44, 45, 48, 51-53, 58, 63, 66, 74, 77,
81, 85, 88]. Males tended to be found in healthy [45, 58,
59, 62, 71, 77] or mixed clusters characterised by a com-
binations of high PA, high SB, and/or low diet quality
[48, 51, 53, 56, 63, 66, 69, 70, 74, 77, 81, 86, 88, 92]. With
regard to differences in age groups, most studies found
that younger individuals (i.e. children, younger adoles-
cents) tended to belong to healthier clusters [45, 51, 59,
63, 64, 75, 85], while older participants (i.e. older adoles-
cents, young adults) were likelier to be in unhealthy [42,
45, 46, 59, 60, 63, 64, 66, 75, 88, 89] or mixed clusters
characterised by lower PA [44, 46, 53, 74, 89].

Twenty-two studies assessed differences in socio-
economic status among clusters of health behaviours of
interest [25, 42, 47, 48, 51-54, 57, 60, 62, 64, 66, 67, 71,
75, 77, 78, 81, 86, 89, 90]. The data suggest that young
people from low socioeconomic status exhibit unhealth-
ier lifestyle patterns compared to those from families
with higher socioeconomic status [25, 51, 53, 60, 67, 70,
71,77,78, 81, 86, 89].

Markers of adiposity

Sixteen studies examined associations between clusters
of health behaviours and markers of adiposity (Table 2)
[51, 55, 56, 59, 63-65, 67, 70-75, 89, 90]. Three exam-
ined those associations in children [65, 67, 70], nine in
adolescents [51, 55, 56, 63, 64, 72-75], and four in both
children and adolescents [59, 71, 89, 90]. The majority
included body mass index (BMI) as the main anthropo-
metric marker, whether continuous [59, 65, 67, 70, 73, 89]
or in categories (e.g. normal weight, overweight, obese)
[51, 55, 56, 59, 64, 65, 70, 72, 74, 75, 89, 90], except one
study that used body fat percentage [63, 71], and one
study that used body fat percentage with fat-free mass
percentage, and waist circumference [63]. Some studies
measured additional adiposity indicators in addition to
BM]I, such as waist-to-height ratio (WHtR) [75, 89], waist
circumference [55, 64, 67], skinfolds [67], and body fat
percentage using bio-electrical impedance [64]. Sixteen
studies examined the association of behavioural clusters
and adiposity; twelve cross-sectional [51, 55, 56, 63-65,
67, 73-75, 89, 90] and four longitudinal [59, 70-72]. Of
the studies that examined BMI, continuous or in catego-
ries (overweight/obesity), a total of nine studies [51, 55,
64, 65, 67, 70, 74, 75, 89] found an association between
clusters with mixed (low PA and/or high SB) and
unhealthy behaviour clusters and increased probability

Page 35 of 44

of overweight/obesity, one found an unexpected inverse
association [73], and two found no association [56, 59].

Three longitudinal studies [59, 70, 72] examined associ-
ations between clusters and BMI and concluded that high
TV viewing, high energy-dense food/drink consump-
tion [59] and high SB and unhealthy snacks [70], resulted
in a higher likelihood of being classified as overweight/
obese [59] and increased BMI [70]. One study found
that unhealthy clusters characterised by high media use
(i.e., watching TV, using a computer, and playing console
games) and low PA and diet quality resulted in the great-
est difference in weight status and was related to change
from normal weight to overweight over time [72].

One study investigating the clustering of health behav-
iours across groups of countries (North and East Europe,
South Europe/Mediterranean Countries, and West-
Central Asia) found that unhealthy and mixed clusters
were positively associated with a greater risk of being
overweight or obese compared to healthy clusters [65].
Another study conducted in eight European countries
(Italy, Estonia, Cyprus, Belgium, Sweden, Hungary, Ger-
many and Spain) found that increased time in sedentary
activities and low PA was associated with higher BMI,
but only in boys [67].

All studies that examined mixed and unhealthy clus-
ters showed positive associations with waist circumfer-
ence [55, 64, 67, 75, 89]. Although the findings of these
studies varied; for example, one found an association
only among boys [67] and another found that the risk
of central obesity was over double among those in an
unhealthy cluster (high fast foods, sweetened beverages,
energy drinks and sweets, and breakfast or school meal
skipped and had screen time more 10 h/day) compared
to those in a healthy cluster (high FV, dairy products and
fish, consumed daily breakfast or school meal, had VPA
and low screen time) [75]. Another study showed that
young people in the healthy cluster (low screen time and
SB, high MVPA, and average to high levels of adherence
to Mediterranean diet) had considerably lower body fat
at baseline and two years later, with body fat percent-
age at baseline being a positive predictor of body fact
percentage two years later for all groups [71]. However,
no significant differences by cluster were noted in body
composition [63] or skin folds [67].

Cardiometabolic outcomes

Five studies examined associations between clusters of
health behaviours and cardiometabolic markers, includ-
ing aerobic fitness (Table 3) [43, 44, 58, 63, 69]. One study
found that girls and boys in the healthy cluster (high
diet quality and MVPA and low screen use) had higher
aerobic fitness levels [63], whereas boys in the unhealthy
cluster —high screen time and low diet quality—had the
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lowest aerobic capacity compared to other clusters [63].
In another study, there were no associations between
clusters and cardiorespiratory fitness (VO, max) in
girls, but boys in the healthy cluster (high diet score and
MVPA and screen time) had the highest VO, max [44].
Furthermore, another study found that clusters with low
SSB consumption and/or low levels of screen time were
associated with a healthier cardiovascular disease (CVD)
profile than being physically active or eating a diet high in
FV [69]. However, clusters of self-reported diet, screen-
time and PA were not related to CVD risk in children in
one study [43]. One study examined the association with
metabolic risk in adolescents according to maturity status
and found that early-maturing adolescents in the cluster
with a greater number of healthy behaviours but less PA
had a greater metabolic risk score [58].

Mental health outcomes

Mental health outcomes were examined in one study
which showed that children in the healthy cluster had
better self-regulation, motivation, communication with
parents, and liking school compared to those in a mixed
clusters [74]. Furthermore, those in a mixed cluster char-
acterised by high PA and high SB and poor diet had bet-
ter relationships with classmates than their peers in a
mixed cluster characterised by low PA and low FV and
moderate TV.

Discussion
The aim of this systematic review was to synthesize evi-
dence on the prevalence of clusters of PA, SB, and dietary
behaviours and to examine their associations with physi-
cal and mental health outcomes in children, adolescents,
and young adults aged 5-24 years. Health behaviour pat-
terns by age, sex, and socioeconomic status were also
examined. The health behaviour clusters in this review
were classified as healthy, unhealthy or mixed (the co-
occurrence of both healthy and unhealthy behaviours).
Overall, the majority of participants examined fell into
the mixed clusters, which is in line with previous reviews’
findings [38, 93, 94], and supports the need for multi-
component interventions addressing several unhealthy
behaviours simultaneously. It is also noteworthy that high
PA and high SB most frequently clustered together, refut-
ing the displacement hypothesis that assumes that time
spent on one activity cannot be spent on another (i.e., SB
displaces PA) [95]. Supportive of our findings, a previous
review examined the association between SB and PA in
young people and concluded that these behaviours do
not directly displace one another and should be seen as
different constructs [96].

Almost a quarter of clusters identified in the present
review were classified as ‘unhealthy’ Clusters characterised
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by high SB and low PA were commonly reported across
the studies. Previous reviews have shown similarly high
numbers of unhealthy clusters. For example, Leech et al.
found that eight of eighteen studies identified unhealthy
clusters [93]. The present review also showed the coex-
istence of unhealthy food intake (e.g., snacks, sweets,
soft drinks, junk food, SSB) with high SB (i.e., TV, media
use, and/or computer use). These clusters were found in
a previous review that found that SB, particularly high
TV viewing, was associated with greater intake of discre-
tionary foods and less FV consumption in children age
5-11 years [97]. The mechanisms of the observed asso-
ciations between SB and diet have been examined previ-
ously and may be explained by the stimulating influence
of commercials/advertisements for intake of foods high
in fat, sugar and salt (HFSS) [98], that sedentary activities
encourage passive snacking or overeating [99], and that
watching TV while eating may disrupt habituation to food
cues [100]. Not surprisingly, children were more likely to
be overweight or obese in clusters with both high levels
of SB and high consumption of unhealthy foods or poor
diet quality. These results are in agreement with a review
conducted by Leech et al. (2014), who showed that TV
viewing in combination with energy-dense food and drink
consumption were associated with overweight and obesity
among Australian children [93]. Based on these findings,
prevention programs should identify strategies aimed at
uncoupling the combination of unhealthy dietary habits in
front of screens.

Healthy clusters characterised by high MVPA, low
screen time and overall high diet quality (e.g., high FV,
low SSB, etc.), followed by high PA, low screen time and
overall high diet quality were most prevalent. These find-
ings are similar to the healthy clusters identified in Leech
et al’s (2014) review that observed these clusters in chil-
dren and adolescents [93]. Another important finding in
the present review that extends the findings of previous
reviews was that children and adolescents with these
healthy clusters had lower BMI and higher fitness com-
pared to those in mixed and unhealthy clusters. On the
other hand, more active adolescents with unfavourable
diet quality showed lower fitness than those with similar
activity levels but favourable diet quality [63]. It is impor-
tant to note that PA might be protective of increases in
adiposity and might increase fitness level when combined
with a healthy diet and/or low screen time. This finding
is informative for future interventions that should com-
bine strategies for increasing PA and healthy diets while
simultaneously including strategies to lower screen time.
In addition, a notable finding was that only one study
examined mental health outcomes of clusters. This study
found that healthy clusters (high PA and FV, low sweets
and soft drinks, and lowest SB) were associated with
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better mental health outcomes compared to mixed and
unhealthy clusters. It is worth noting that in this one
study PA appeared to be associated with better men-
tal health outcomes on its own, as clusters with high PA
and high SB were more strongly associated with mental
health outcomes than clusters with low PA and high SB.
Further research is needed to examine a range of mental
health outcomes of clusters of lifestyle behaviours.

This review found that both unhealthy clusters and
mixed clusters that include either high SB, low PA, and/
or high SSB, alongside healthy behaviours, were associ-
ated with higher adiposity in young people. This was
contrary to findings from a previous systematic review
[38], which concluded that only unhealthy clusters were
associated with higher adiposity levels. It is worth high-
lighting that in the present review only a particular com-
bination of health behaviours within mixed clusters (i.e.,
those that include either high SB, low PA and/or high SSB
alongside healthy behaviours) were associated with unfa-
vourable weight status. Previous research has suggested
that the combination of healthy and unhealthy behav-
iours negate each other’s health effects [94]. These find-
ings suggest that, to decrease obesity risk, future research
should focus on understanding in who and why, where
and when such behaviours cluster together with a view
to informing future multicomponent/multi-behaviour
interventions to uncouple unhealthy behaviours.

In this review, clusters characterised by high SB, par-
ticularly screen time, were found to increase the risk of
adiposity, irrespective of being combined with other
healthy or unhealthy behaviours. As a result, it is likely
that excessive screen time may reduce the beneficial
effects of PA and a healthy diet on the risk of obesity.
These results match those cited in Leech et alls (2014)
review, which found a positive association between over-
weight and high SB [93]. The current review also found
that clusters with higher screen time had greater risk of
individual and clustered cardiovascular risk scores, which
were predominantly seen in older boys, worse fitness
levels, and greater psychosocial risks, mostly in girls. In
line with this, a recent systematic review that examined
the relationship between SB and health indicators in
young people aged 5-17 years found that an increase in
SB, expressed as total hours of screen time, was associ-
ated with an increase in cardiovascular risk markers in
children and adolescents [101]. Despite PA having previ-
ously being linked with clustered metabolic risk in chil-
dren [102], this review suggested that SB, expressed as
screen time, has a greater role in the cardiovascular risk
profile than PA. This is alarming, given the growing body
of evidence to suggest that SB is independently and posi-
tively related to poor health outcomes [103]. Future pub-
lic health plans need to target a reduction in screen time
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among young people and could be considered within
multicomponent/complex interventions.

Young people’s gender, age, and socioeconomic status
have consistently been shown to be associated with health
behaviour cluster scores, underlining the need for tailor-
ing prevention and intervention efforts for groups at risk.
In the current review, girls tended to be in unhealthy clus-
ters or mixed clusters mostly defined by better diet qual-
ity, but lower PA compared to boys. However, boys were
almost equally distributed between unhealthy and healthy
clusters or mixed clusters with high PA, unhealthy diets
and/or high SB. These results can be explained by sex
differences in dietary habits as hypothesized in a previ-
ous study [104], in addition to unbalanced patterns of PA
[105]. Moreover, younger people (for example, children
and young adolescents) and those from higher socio-
economic status were found in healthy clusters or mixed
clusters with higher PA, in contrast with older people (for
example, older adolescents and young adults) and those
from lower socioeconomic status who were found in
unhealthy clusters or mixed clusters with lower PA. These
findings were consistent with previous reviews [93, 94]. A
longitudinal study concluded that children’s behaviours
tended to shift to unhealthier clusters with aging [59],
which is in line with other longitudinal studies that show
an age-related increase in SB and decrease in PA [106].
At present many monitoring efforts, such as the National
Child Measurement Programme [107] in the UK, policy
and interventions target children and young adolescents
[108]. Given the results of this intervention there is a need
to also focus efforts on older adolescents. Furthermore,
the findings that socioeconomic status were negatively
associated with adiposity and positively associated with
health, provides further evidence for the need to devote
more resources to policies and programmes targeting
lower socioeconomic families.

Strengths and limitations

To the best of our knowledge, this was the first study
to systematically review clusters of PA, SB, and diet in
children, adolescents, and young adults and the asso-
ciations with physical and mental health outcomes. This
information will be valuable for designing intervention
strategies to improve the health of young people. Limi-
tations that must be considered when interpreting these
results include that a meta-analysis was not possible
due to heterogeneity in the measures and analyses used
in the studies included. The majority of studies were of
a cross-sectional nature, which did not allow us to draw
causal relationships. Also, data on many behaviours were
obtained via self-report tools (such as questionnaires),
which are subject to measurement errors due to social
desirability or recall bias [109].
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Conclusion

This review synthesised the evidence on the prevalence
of clustering of PA, SB, and diet in 5- to 24-year-olds and
examined physical and mental health outcomes asso-
ciated with the clusters. Clusters of health behaviours
appeared to differ across socio-demographic groups and
were broadly grouped into healthy, unhealthy, and mixed
lifestyle clusters, emphasising the complexity and diver-
sity across the populations examined. Mixed clusters
were the most prevalent, and both mixed and unhealthy
clusters were related to poor health in young people. The
complex nature of these findings’ stresses the need for
more research examining, in more detail, the sociodemo-
graphic factors that influence different clusters of behav-
iours and how these influence health. More studies that
include young adults are needed.
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