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Abstract

Background: The purpose of this systematic review was to examine the relationships between sedentary behaviour
(SB) and health indicators in children aged 0 to 4 years, and to determine what doses of SB (i.e,, duration, patterns
[frequency, interruptions], and type) were associated with health indicators.

Methods: Online databases were searched for peer-reviewed studies that met the a priori inclusion criteria:
population (apparently healthy, 1 month to 4.99 years), intervention/exposure and comparator (durations, patterns,
and types of SB), and outcome/health indicator (critical: adiposity, motor development, psychosocial health,
cognitive development; important: bone and skeletal health, cardiometabolic health, fitness, risks/harm). The quality
of the evidence was assessed by study design and outcome using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework.

Results: Due to heterogeneity, meta-analyses were not possible; instead, narrative syntheses were conducted,
structured around the health indicator and type of SB. A total of 96 studies were included (195,430 participants
from 33 countries). Study designs were: randomized controlled trial (n = 1), case-control (n = 3), longitudinal (n = 25),
longitudinal with additional cross-sectional analyses (n=5), and cross-sectional (n = 62). Evidence quality ranged
from “very low” to “moderate”. Associations between objectively measured total sedentary time and indicators of
adiposity and motor development were predominantly null. Associations between screen time and indicators of
adiposity, motor or cognitive development, and psychosocial health were primarily unfavourable or null.
Associations between reading/storytelling and indicators of cognitive development were favourable or null.
Associations between time spent seated (e.g., in car seats or strollers) or in the supine position, and indicators of
adiposity and motor development, were primarily unfavourable or null. Data were scarce for other outcomes.

Conclusions: These findings continue to support the importance of minimizing screen time for disease prevention
and health promotion in the early years, but also highlight the potential cognitive benefits of interactive non-
screen-based sedentary behaviours such as reading and storytelling. Additional high-quality research using valid
and reliable measures is needed to more definitively establish the relationships between durations, patterns, and
types of SB and health indicators, and to provide insight into the appropriate dose of SB for optimal health in the
early years.
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Background

Sedentary behaviour is defined as any waking behaviour
with an energy expenditure of <1.5 metabolic equiva-
lents (METs) while in a sitting or reclining posture [1].
It is increasingly recognized that too much sedentary
behaviour can have negative health effects across the
lifespan [2—-4], which are distinct from those that result
from low physical activity [5]. This may be of particular
importance in the early years of life, given that these
years are critical for growth and development, and that
lifestyle behaviours established early in life tend to track
over time [6-8].

In this regard, the Canadian Sedentary Behaviour
Guidelines for the Early Years (ages 0—4 years) [9], and
guidelines in other countries around the world (e.g.,
Australia [10] and USA [11]), recommend that children
<2 years of age have no exposure to screens, and that
those aged 2 to 4 years have <1 h/day of screen time. In
addition, guidelines (e.g., in Canada [9], Australia [10],
and the United Kingdom [12]) recommend that parents
and caregivers minimize the time that children spend
sitting or being restrained (e.g., in a stroller or high
chair) while awake.

In contrast to these recommendations, > 80% of young
children are exposed to screens before the age of 2 years
[13, 14], only 22% of Canadian children aged 3 to 4 years
are meeting the screen time guidelines of <1 h/day, and
on average parent-reported screen time for this age
group is 2.0 h/day [15]. Moreover, young children are
spending a substantial proportion of their time seden-
tary, and no guidance regarding an “appropriate”
amount of total sedentary time exists. This is a notable
gap, given that a recent review including data from 10
countries reported that children aged 2 to 5 years were
sedentary for 34% to 94% of the day [16]. For instance,
objectively measured data from a large, nationally repre-
sentative sample of Canadian children showed that, on
average, 3- to 4-year-olds were sedentary for 436 min/
day (7 h, 16 min), which was roughly equivalent to 60%
of their waking time [15].

The Canadian Sedentary Behaviour Guidelines were
informed by a systematic review of the evidence that
found that high levels of television (TV) time were
associated with increased adiposity and reduced psy-
chosocial health and cognitive development [2]. How-
ever, there was no evidence of benefits or harms for
any other type of sedentary behaviour, for total seden-
tary time, or for patterns (e.g., frequency, interrup-
tions) of sedentary time. This may be in part because
only intervention and longitudinal studies were
included in this earlier review [2]. This is a critical
limitation because in recent years there has been a
dramatic shift in the media landscape (e.g., evolving
technologies including smartphones and tablets) [17],
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and because different types of sedentary behaviour
(e.g., reading, sitting, playing video games) [18, 19]
and different patterns of sedentary behaviour [20]
may have different health effects. Evidence from large
cross-sectional studies (with samples representative of
the general population), together with new studies
published since the original review, may provide
additional insight.

In the intervening years, new systematic reviews have
been conducted to investigate the relationships between
sedentary behaviour and particular health indicators. For
instance, Hinkley et al. found that too little evidence
existed to draw conclusions regarding associations
between sedentary behaviours and psychosocial well-
being [21], and Carson et al. identified that different
types of sedentary behaviour may have different effects
on cognitive development in the early years of life (e.g.,
screen time may be detrimental, and reading beneficial)
[18]. These recent reviews present focused summaries;
however, no previous review has provided a balanced
consideration of different types of sedentary behaviour
and a range of holistic health indicators across study
designs. Accordingly, a comprehensive review of the lit-
erature was needed in order to: 1) understand the health
effects of sedentary behaviour in the early years, 2)
inform and update population-level recommendations,
and 3) identify research gaps and guide the design of
future research and/or assist in the translation of current
research to practice.

Therefore, the purpose of this study was to perform a
systematic review that examined the relationships
between sedentary behaviour and health indicators in
children in their early years (0 to 4 years). An additional
aim was to determine what doses of sedentary behaviour
(i.e., duration, patterns [frequency, interruptions], and
type) were associated with health indicators.

Methods

Protocol and registration

This systematic review was registered with the Inter-
national Prospective Register of Systematic Reviews
(PROSPERO; Registration no. CRD42016035270; available
from  http://www.crd.york.ac.uk/PROSPERO/display._re-
cord.asp?ID=CRD42016035270), and was conducted and
reported following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement [22].

Eligibility criteria

The Population, Interventions, Comparisons, Outcomes,
and Study design (PICOS) framework [23] was used to
identify key study concepts in the research question, and
to facilitate the search process.
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Population

The population of interest was apparently healthy chil-
dren (i.e., general populations, including those with over-
weight and obesity; samples of clinical populations were
ineligible) with a mean age of 1 month to 4.99 years (or,
if no mean age was reported, samples described as:
infants, toddlers, preschoolers, pre-elementary or pre-
primary school age) for at least one sedentary behaviour
measurement point. Subgroups were defined as follows:
infants, 1 month to 1 year; toddlers, 1.1 to 3.0 years; and
preschoolers, 3.1 to 4.99 years.

Intervention (exposure)

The intervention/exposure was a specific measure of seden-
tary behaviour (e.g., TV viewing, video gaming, iPad/tablet/
touch-screen, smart phone, reading, puzzles, bouts, breaks,
sedentary time, and “screen time” — defined as composite
measures of screen use) obtained via objective (e.g., accel-
erometry) or subjective (e.g., proxy-report) methods. For
infants, sedentary behaviour was operationally defined as
any waking behaviour characterized by low energy expend-
iture (i.e., non-purposefully active) while restrained (e.g., in
a stroller/pram, high chair, car seat/capsule), or when sedate
(e.g., lying/sitting in a chair with little movement but not re-
strained). Time spent in the prone position (“tummy time”)
was not considered sedentary behaviour because this is
deemed “physical activity” in this age group. For toddlers
and preschoolers, sedentary behaviour was defined as any
waking behaviour characterized by an energy expenditure
of <1.5 METs while in a sitting or reclining posture [1].
Studies defining sedentary behaviour as “physical inactivity”
or “failing to meet physical activity guidelines” were
excluded, because these definitions do not differentiate
between sedentary behaviour and light-intensity physical
activity. Studies of active video gaming exposures (e.g., Nin-
tendo Wii™, Microsoft Kinect™, Sony’s Playstation Move™)
were excluded because these games may elicit energy
expenditure >1.5 METs [24], as were studies reporting
background TV or screen access (e.g., TV is turned on, but
not necessarily being watched by the child) because the
child could be engaged in a non-sedentary behaviour. For
experimental studies, interventions had to target sedentary
behaviour exclusively and not multiple health behaviours
(e.g., both sedentary behaviour and diet).

Comparison

Various durations, patterns (frequencies, interruptions),
and types of sedentary behavior were used for compari-
son where available. A comparison or control group was
not required.

Outcomes (health indicators)
Eight health indicators were chosen by expert consensus
among a 22-member group with expertise in movement
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behaviours in children. The health indicators were
selected given consideration of the literature (previous
reviews; e.g., [2]) and of the importance of including a
range of holistic health indicators (i.e., physical, psycho-
logical/social, and cognitive health). Four health indica-
tors were identified as critical (primary) by expert
consensus: (1) adiposity (e.g., % body fat, weight status,
waist circumference); (2) motor development (e.g., devel-
opmental milestones, gross/fine motor skills, locomotor-
object control); (3) psychosocial health (e.g., depressive/
anxiety symptoms, prosocial behaviour, aggression, self-
regulation); and (4) cognitive development (e.g., lan-
guage development, attention, executive function). Four
health indicators were identified as important (second-
ary) by expert consensus: (1) bone and skeletal health
(e.g., bone mineral density, bone mineral content,
skeletal area); (2) cardiometabolic health (e.g., blood
pressure, insulin resistance, blood lipids); (3) fitness
(cardiovascular, musculoskeletal); and (4) risks (injury)/
harm (e.g., plagiocephaly, torticollis).

Study designs

All study designs were considered. For longitudinal stud-
ies, any follow-up length was allowed as long as there
was at least one measure of sedentary behaviour
between the ages of 1 month to 4.99 years. For logistic
reasons, and to maximize generalizability, minimum
sample size requirements were imposed [25]; random-
ized controlled trials (RCTs) and non-randomized inter-
vention studies were required to have at least 15
participants in at least one intervention group, and
observational studies were required to have a minimum
sample size of 100 participants. Published peer-reviewed
original manuscripts and in-press manuscripts, in
English or French, were eligible for inclusion. Grey
literature (except for registered clinical trials) and con-
ference abstracts were excluded.

Information sources and search strategy

The following databases were searched using the Ovid
interface: MEDLINE (1946 to April 13, 2016), EMBASE
(1980 to 2016 week 15), PsycINFO (1806 to April Week
1 2016), and CENTRAL (February 2016). PubMed was
searched for any additional studies not yet indexed in
MEDLINE (April 11, 2016). SPORTdiscus (1949 to April
14, 2016) and Communication Source (April 12, 2016)
were searched using the EBSCOhost interface, and the
Communications and Mass Media Collection was
searched using Gale. The MEDLINE search strategy was
created by a research librarian with expertise in system-
atic review searching and peer-reviewed by a second
research librarian. The search was then adapted for
other databases. No study design limits were applied,
and searches were limited to English and French
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publications. Updates to all search strategies, limited to
randomized controlled trials for logistical reasons, were
performed on November 1, 2016, to capture any
additional studies that had been published in the interim
between the initial searches and the data synthesis. The
search strategies are presented in Additional file 1. Trial
registries were also searched (https://clinicaltrials.gov/
and http://www.who.int/ictrp/en/; October 11, 2016) for
ongoing clinical trials, using search terms for the seden-
tary behaviour concept and age group of interest. The
International Journal of Child-Computer Interaction was
hand-searched, because this journal was not yet indexed
in any of these databases.

Bibliographic records were extracted as text files from the
Ovid, EBSCOHost, and Gale interfaces and imported into
Reference Manager Software (Version 11; Thompson
Reuters, San Francisco, CA, USA), where duplicate records
were removed. Titles and abstracts of the remaining
records were uploaded to DistillerSR (Evidence Partners,
Ottawa, ON, Canada), a secure internet-based software,
where they were screened against inclusion criteria inde-
pendently by two reviewers. Exclusion by both reviewers
was required for a study to be excluded at the title and
abstract stage; all other studies passed to full-text article
screening. Two independent reviewers examined all full-
text articles, and consensus was required for article inclu-
sion in the review. Discrepancies between reviewers were
resolved by discussion between themselves, or with the
larger review team if needed. Relevant review articles
identified during screening were also procured, and their
reference lists manually checked for studies potentially
missed by the search.

Data extraction

Data extraction forms were created by the study coordi-
nators, and reviewed and piloted by the review team.
Extraction was completed in Microsoft Excel by one
reviewer and checked for accuracy by a second reviewer.
Reviewers were not blinded to the authors or journals
when extracting data. Information was extracted regard-
ing important study characteristics (e.g., citation, study
design, country, sample size, age, and sex of partici-
pants); exposure (i.e., sedentary behaviour characteristics
[e.g., type, volume, duration, frequency, pattern, and
measurement and/or description of sedentary behaviour
intervention]); outcome/health indicators (e.g., measure-
ment type); results (e.g., odds ratio, difference in means);
and covariates included in the analyses (if applicable;
e.g., diet, physical activity). If data were unavailable for
extraction (e.g., reported only in a graph, or described as
“data not shown”), the authors were contacted. If data
were presented subdivided by sex, the data were
extracted independently for each sex only if data pooled
across sex were unavailable. If analyses were reported for
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any other subsets of data, results were extracted for only
the analyses using the full sample. The results from
finally adjusted models were extracted when studies pre-
sented multiple models. Study findings were considered
statistically significant at p < 0.05.

Risk of bias and study quality assessment

The risk of bias was systematically evaluated in each pri-
mary research study using the methods described in the
Cochrane Handbook [26]. All individual studies were
assessed for the following potential sources of bias:
selection bias, performance bias, detection bias, attrition
bias, reporting bias, and other sources of bias (see
Poitras et al. [25] for details).

The quality of evidence for each health indicator by
each type of study design was assessed using the
Grading of Recommendations, Assessment, Develop-
ment and Evaluation (GRADE) framework [27]. The
“quality of evidence” is the level of confidence in the
estimate of effect. As such, the higher the quality of the
evidence, the greater the confidence in the findings, and
the lower the quality, the more likely it is that future
research will change the level of confidence in the esti-
mates and change the estimates themselves. According
to GRADE, there are four levels of quality (“high”, “mod-
erate”, “low”, and “very low”); evidence quality ratings
start at “high” for randomized studies and at “low” for
all other studies. The quality of evidence is downgraded
if there are limitations across studies due to serious risk
of bias, inconsistency (e.g., unexplained heterogeneity in
the direction of the effect), indirectness (e.g., differences
between the population, intervention and/or outcomes
in included studies and those of interest, such as a sur-
rogate measure instead of a direct measure of an out-
come), or imprecision (e.g., wide confidence intervals
that lead to uncertainty about the true magnitude of the
effect) [28]. If there is no reason to downgrade, the qual-
ity of evidence can be upgraded if there is a large effect
size, there is a dose-response gradient, or an effect is
detected in the presence of plausible confounders or
other biases that would decrease an apparent treatment
effect [29].

In the present review, the overall quality of evidence
for each study design within each health indicator was
evaluated by two independent reviewers and verified by
the larger review team. The review team decided a priori
not to downgrade for risk of bias if the only potential
sources of bias identified were use of a convenience
sample or lack of exposure/outcome blinding, as in pre-
vious movement behaviour systematic reviews [25, 30].

Synthesis of results
Meta-analyses were planned if data were sufficiently
homogeneous in terms of statistical, clinical, and
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methodological characteristics. If meta-analyses were not
possible, qualitative syntheses structured around the
health indicator and type of sedentary behaviour were
conducted, with all studies weighted equally, and the
results presented narratively. Results were presented in
“evidence profile” tables by outcome (health indicator)
as per the GRADE framework (see Guyatt et al. [27] for
details). For the purposes of this review, sedentary
behaviours were grouped into three categories: 1) object-
ively measured sedentary time, 2) screen-based sedentary
behaviours, and 3) other sedentary behaviours (e.g.,
reading, storytelling).

Results

Description of studies

A total of 10,830 records were identified in the initial
searches, and an additional 11 were identified by check-
ing the reference lists of review articles (Fig. 1). After
de-duplication, 8915 records remained. In the search
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update, an additional 106 records were identified (mak-
ing a total of 10,936), and 101 of these remained after
de-duplication. No relevant records were identified in
the Trial Registry searches. After screening the 9016
titles and abstracts (from the initial and updated
searches), 334 full-text articles were obtained for further
review. Reasons for exclusion were: not in English or
French language (n =1), review paper (n =2), sedentary
behaviour included only as a covariate or outcome and
not as the exposure (n =2), sedentary behaviour defined
as “failing to meet physical activity guidelines” (n = 2),
sedentary behaviour exposure included background
screens (n=3), intervention did not target sedentary
behaviour specifically/exclusively (1#=9), not original
research (n=9), no sedentary behaviour exposure (n=
9), sample size (n=15), did not assess the relationship
between sedentary behaviour and a relevant health indi-
cator (n ="77), participants were not within appropriate
age range (n=92), and other (n=17; e.g., comparator

= Records identified through database Additional records identified
= searching through other sources
;E' (n=10,936) (n=11)
=}
=
D
=
]
A N
Records after duplicates removed
) (n=9,016)
)
=
g 3
£
= Records screened Records excluded
(n=9,016) (n=28,682)
e A
Full-text articles assessed for Full-text articles excluded,
. eligibility with reasons
£ (n=2334) (n=238)
2
=
= v
Studies included in qualitative
— synthesis
(n =96, from 73 unique samples)
Breakdown of included studies by
] health indicator:*
= e Adiposity: n= 60
E e Motor development: n=7
= e Psychosocial health: n= 15
e Cognitive development: n = 25
e Bone and skeletal health: n=1
e Cardiometabolic health: n =1
e Fitness:n=2
e Risks/harms: n=0
Fig. 1 PRISMA flow diagram for the identification, screening, eligibility, and inclusion of studies. *Note that the numbers for each health indicator
do not sum to the total number of included studies because more than one health indicator was reported in some studies




The Author(s) BMC Public Health 2017, 17(Suppl 5):868

was the same “dose” of sedentary behaviour with differ-
ent content, predatory publisher and problems with data
such as incongruent values in text and tables). Some
studies were excluded for multiple reasons. A total of 96
studies (from 73 unique samples) met the inclusion cri-
teria (Fig. 1).

Detailed findings for the individual 96 studies are
presented in Additional file 2: Tables S1-S7 and summa-
rized in Tables 1, 2, 3, 4, 5, 6, 7 and 8. Data across studies
involved 195,430 participants (147,752 from 73 unique
samples), ranging from 103 [31] to 50,589 [32] participants.
Participants from one study were not included in this sam-
ple size calculation because the sample size for the age
group of interest was not reported [33]. Studies were con-
ducted in 33 different countries, but were most commonly
conducted in the United States (n=44), Belgium (n=7),
Canada (n=7), Australia (7 =6), Germany (n =5), and the
Netherlands (n=5), with four or fewer studies from all
other countries (Additional file 2: Tables S1-S7). The
approximate baseline age ranged from 0.3 to 4.95 years.
One study used an experimental design (randomized
controlled trial); the remaining 95 studies used observa-
tional designs, including case-control (1 = 3), longitudinal
(n=25), longitudinal with additional cross-sectional ana-
lyses (n = 5), and cross-sectional (n = 62).

Quality of evidence

Overall, the quality of evidence ranged from “very low”
to “moderate” across study designs and health indicators.
The most common reason for downgrading the quality
of evidence was because of a serious risk of bias that
reduced the level of confidence in the observed effects.
Common sources of bias included: not accounting for
potentially important confounders or mediating factors
(e.g., diet); the use of potentially inappropriate measure-
ment tools (e.g., exposure or outcome measures with
unknown reliability and/or validity); and an unknown
amount of, or reasons for, missing data. The quality of
evidence was not upgraded in any instance. For specific
details regarding the quality of evidence by study design
and health indicator, see Tables 1, 2, 3, 4, 5, 6 and 7.

Data synthesis

Meta-analyses could not be performed because of
heterogeneity in the sedentary behaviour exposure and
health indicators (statistical, clinical, and methodo-
logical). Instead, narrative syntheses are presented.
Unless otherwise stated, results did not differ by sex,
age, or specific sub-indicator within the eight health
indicator categories. Within each health indicator, results
are presented first by study design, then by type of sed-
entary behaviour exposure (objectively measured seden-
tary time, screen-based sedentary behaviours, and other
sedentary behaviours), and finally by sub-indicator (i.e.,
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specific measures of the eight health indicators). The
reader is referred to the Additional file 2: Tables S1-S7
for statistic values and additional details.

Critical (primary) health indicators

Adiposity

The relationships between sedentary behaviour and adipos-
ity were examined in 60 studies (see Table 1 and
Additional file 2: Table S1) [31-90]. Study designs were:
randomized controlled trial (»=1) [34], longitudinal (n =
13) [33, 45, 54, 81-90], case-control (n=2) [35, 36], and
cross-sectional design or also reported cross-sectional find-
ings (n=47) [31-33, 37-80]. Indicators of adiposity (e.g.,
body mass index [BMI]) were measured objectively (e.g.,
measured by dual-energy X-ray absorptiometry) or assessed
subjectively (e.g., parent-reported height and weight; see
Table 1 for summary of measures). The quality of evidence
ranged from “very low” to “moderate” across study designs
(Table 1).

In the randomized controlled trial of an intervention
to reduce screen time, screen time was significantly
lower for preschoolers in the intervention versus control
group at 2, 6, and 9 months post-intervention [34]. BMI
z-scores were not different between the intervention and
control groups at baseline or 9-month follow-up, but
BMI z-scores increased in both groups [34]
(Additional file 2: Table S1).

Among the 13 longitudinal studies, sedentary behaviour
was assessed from age ~9 months to 4.95 years as screen-
based (i.e., computer time, frequency of playing computer
games, time watching DVDs, TV time, and total screen
time) or other sedentary behaviours (i.e., time spent in the
car or in baby seats). Adiposity indicators were assessed
between ~1.25 and 12 years follow-up.

For screen-based sedentary behaviours, computer time
[85], and frequency of playing computer games [82] at age
4.8 years were not associated with total fat mass or lean
mass, or weight status, at ~6 and 12 years of follow-up
respectively. Time watching DVDs at ages ~3—4 years was
unfavourably associated with weight status at kindergarten
entry [83]. Total screen time in toddlers was unfavourably
associated with weight status at preschool or school age in
2/3 studies [33, 84]. In the third study, total screen time
was not associated with weight status [87].

Ten longitudinal studies examined the relationships
between TV time (at ages ranging from ~6 months to
4.8 years) and adiposity indicators at ~1.5 to 12 years of
follow-up. Of these, unfavourable associations were
reported in 6/10 studies [33, 54, 81, 83, 88, 90], null
associations in 1/10 studies [86], and mixed unfavour-
able and null associations in 3/10 studies [82, 85, 89].
Specifically, TV time was prospectively unfavourably
associated with these adiposity indicators: BMI z-score
in 1/1 studies [88], BMI in 2/3 studies [54, 90], % change



Page 71 of 215

868

The Author(s) BMC Public Health 2017, 17(Suppl 5)

[0/] SUOIIBIDOSSE 9|RINOAR) PUE ‘|NU ‘3|GRINOARJUN PaxIw paliodal saIpnis €7/1
[7/] SUOIBIDOSSE 3|RINOAR) PUE |INU PaxIW paliodal saIpnIs €2/1

[6/'89 ‘7S ‘LS '8F7] SUONEIDOSSE ||NU PUR 3|CRINOARJUN PaxIw palodal saIpnis €7/
[9/ 'S.'69 '€9 09 ‘95 ‘05 ‘6 ‘€ ‘T 'L€] suoneosse |nu pauodal salpnis £7/L1L
[L/ /9 ‘99 'SG '€€] SUOIRIDOSSE d|gRINOARUN PaLiodal saIpNIS £2/S

(uonvinp) awin AL

[19 L] SUONEIDOSSE |[NU PUB 3|GRINOARJUN Paxiw paliodal saIpnis 81/

[6/ T, 1L 'S9 V9 79 '8S 'S TS P suoneposse |Inu pauodal salpnis gL/0L

[£/ 65 ‘05 'OF ‘€€ ‘Z€] SUONPIDOSSE 9|GRINOARJUN PaLIodal saIpNls 81/9
‘(uonpinp) auwil] Ua2.ids

[L/] SUOIBIDOSSE |INU PUB 3|CRINOARJUN PaXIL panodal saIpns /1

[6/ '/9 '€9] suoneposse ||Nu paypodal saIpNIs /€

‘(uonpinp) J23ndwo>)

:sinoineyaq A1ejuapas paseq-usaids

[£/] SUOIIBIDOSSE |INU PUE 3|gRINOARJUN PaXIU paliodas saIpnas LL/L
[08 '8/ 'SL 09 €S '/ ‘Op—/€] suonenosse [nu pauodal salpnis L1/0L
:(PaALIBP-1212WI0I3]233D) AW} AIDIUPas D10 ]
[0t] suoneposse |nu pauodal salpnis L/1
{(PaALIBP J212UI0J3222D) $IN0Q UILI-OE Wil AIDIUSPaS oudwil ssaulRUIpUl  ADUSISISUODUI LSelqg jo
LMoOJ AIsp :awn A1ejuapas painseaw APANdAIQQ  SuoN SNOLISS ON SNOLISS ON SNOLIBS ON  SU SnoLas [eUOND35-5501) (L¥) 616

15€] (@00 =4d'SLT'L0L 1D %S6
‘11 = 40) smess ybramiano Huirey yim pajenosse Ajgeinoaejun sem Kep/y | < oy
AL Buiyoiem Ing ‘sniels (dnoib [01u02) 3y6iam [ewou Jo (dnoib ased) asaqo/aybiamiano uoispasdwl  ssaualpul  AdU3SISUOdUl SeIq Jo
M| K1 YUM USIP[IYD US2MISQ JUSIRYIP 10U 219M [9€] awiry K1eauapas [e303 pue [of ‘'Ge] awimy AL SUON SNOL3S ON SNOL3S ON SNOL3S ON  {SH SNOLSS |o1uod-aseD) (0) tvel

[¢8 '18] suonenosse |nu payodal salpms g/

‘(uonpinp) 1p> ay1 Ul awi|

[G] SUOIBIDOSSE 3|GRINOAR) PU ‘[[NU ‘D|GRINOARJUN PaXIW papiodal sa1pms L/L
‘(uonpinp) s1vas AQoq ur awi|

:sinolAeyaq Aiejuspas 1Yo

[£8] SUOIIBDOSSe 3|grINOARJUN PaLIodal saIpNIs |/L
‘(uonpinp) SGAQ buIy2IOM
[68 'S8 ‘78] SUONRIDOSSE ||NU PUB 3|GRINOARJUN PaXIW Paliodal salpnis QL/€
[98] suonenosse ||nu pauodas sa1pnis OL/L
[06 ‘88 ‘€8 ‘L8 VS '€€] SUONBIDOSSE S|GRINOARJUN Pa1IOdS) S9IPNIS OL/9
‘(uonpinp) awi AL
[£8] suoleposse |nu pauodal salpnis €/1
[F/8 ‘€] SUONPIDOSSE 9|GRINOARJUN PaLIOda) SAIPNIS €/
‘(uonpinp) awi Uaaids
[8] suoneposse |nu pauodal salpnis L/1
‘(fouanbayy) sawpb sa1nduwiod
[G8] suonedosse ||nu pauodal salpms L/1
‘(uonpinp) J23ndwo>) uoispaiduwll - ssaudalipul - ADuSisisuodul 55€1q Jo
Mo Aiap :sAnolAeyaq A1ejuspas paseq-usaaids  SUON SNOLIBS ON SNOLIAS ON SNOLBS ON  YSU SNOLaS Jleurpniibuon (€1) 669'CE

‘€] sdnoib y10q Ul paseadu] $8103s-z |G NG ‘dN-MO||0f LIUOUI-6 1O aUl|9seq 1e
sdnoIB [03UOD PUB UORUSAISIUL B3 USIMIS] JUSISHIP 10U 2I9M $3103S-Z |G *,UORUSAIRIUIASOd uolspaidwl  ssaudpUl - ADUS1sisuodul 4selq 4o
_91eI2popy SUIUOW 6 pue ‘g ‘z 1 dnoib [011U0D SA UOAUSAIRIUI DU Ul Jamo| AQuedyiubis sem sy Usasds  dUON SNOLISS ON SNoLISS ON SNOLAS ON  SH SNOLAS  [eL] paziuopuey (1) Zly

(21005 (S) SSPW US| (21005 (S) SSPW 18 [PI0) {(666 Ul SPJEPURIS 9dUIj2) WOPHULY Pallun S9AIND 92USJ9Ja) BI9YDRD) PUR||OY ‘SPIBPURIS 92USJ9J2J UDUSIH ‘P1ep adUaIajal Ysiwal4

‘syulod-1n> OHA 10 ‘4101 'DdD) sniels 1ybram (2be 1o} 21035-7 ‘91N|0Sge) 22UIPUINDIID 1SIBM (21025-Z) 96e-10J-1yblam {(31035-2) 1yBIay-1oj-1yblam ‘ones diy-01-1siem ‘ones 1ybIay-03-1SIem ‘SPjojuids JO UUNS {(SSaUNDIYL P|OJUIS
Jejndedsgns 03 SsauxDIYl plojupys sdadil) ones plojuns {(yxXa Buisn painseaw) 1e) ApOQ 9% Xopul SSew 1.} Yunil ‘Xapul Sseud Ued| ‘xapul sseud 1ej {(3)1nuadiad ‘2102s S ‘91025-Z ‘91N|0sqe) NG :21om saunseaw Aisodipy “dn-moj|o4

JO s1eak 7| 01 dn pue ‘Aj|PUONDIS-5S0ID ‘|0J1U0D-ISED ‘[el] PaZILOpUR) AQ Pa133]|0D aom BIe( "SIEIA G'G| Ssem dn-moj[o) 18 obe UraW 159P|0 9yl 'SIeaA Gt 01 G/ 0~ SEM 1USWRINSEIW 2INsodxe JO aull) Je sabe uesu Jo abuel sy

Ispaudw|  SsauldaupuUl  ADUSISISUODU|  SBIq JO XSIY

1O (s31pMis Jo "ON)
Aljend 12942 2INj0sqy JuBWISSasse Aiend ubisag  siuedidpued Jo oN

Aisodipe pue inoiaeyaq Alejuspas usamiaq diysuonelas ay| | ajqel



Page 72 of 215

868

The Author(s) BMC Public Health 2017, 17(Suppl 5)

S109)J9 PIAIDSCO DY) Ul DDUSPIUOD JO [9A3] BY) PAYSIUIWIP 1eY) SeIg JO XSH SNOLIaS B JO asnedaq ,Mo| AISA, 01 ,MO|, WOlj PIPeIBUMOp SeM $DIPN1S [BUOIIDDS-SSOID DY) WOJ) 3DUSPIAS Jo Alljenb ay,,

[ot’] swn Areyuspas paiapisuod sem Aep ayy buunp das)s (82 ‘99 ‘19 ‘65] Auaide [edisAyd 1oy pajjouo) [c€] dass pue ‘uonduwinsuod

obesanaq paus1sams-1e6ns {08 2/ ‘7L ‘L4 '£9 79 €9 ‘09 ‘8S “0S ‘OF ‘St ‘cv] 191p :s1010e) Buneipaw Jo sajgeueA Buipunojuod juenodwi Ajjenualod Joj Junodde Jou piq ‘[0/] P140dal 10U 219M S)NSRI PIPNDUI JO UOHEWLIOJUI
9oUBLIEA PUE UOISSI631 Jeaul| [ed1yd.eialy pajood Woly sSW0IN0 €] pauodal 10U 919M UOIIRS SPOYISW Y1 Ul PIQLIDSIP SWI) US3IDS [e10) PUB SWil) USaIdS [ed110631ed Joj s)nsal ‘sjusuodwod [enpiAipul Inoyum pajuasaid
2J9M SDWO02INO dUSOdWOD {[¢9] PaLIOda) JOU SI9M UONISS SPOYIDW SU1 Ul PIGLDSIP SUONE[S1I0D IO} S)NSai [it7] pauodal sem [opow [euly A|uo [6S] sa|qelien ainsodxe snonuiuod yum saskjeue uodas 01 10u d0y-1sod papap
sloyine ‘[,9 ‘8] paodas Jou a19m sdiysuoneas Juedyiubis-uou 1oy sonsiels :seiq buuodal aARD3RS [enuR10d L/ ‘99 ‘EF ‘Of] 159491Ul JO SWOINO dNJ3 31 01 Pale[dl 9q Aew uoseal pue ‘[9/ v/ '€/ 'L '69 ‘09 ‘6S 'SV ‘2 ‘O ‘6€]

%/.9 01 %trL Woly pabuel 1o [0S ‘Zi] UMouNuN S| B]ep SW02IN0 Jo ainsodxa Buissiw paurejdxaun Jo JUNOWe :seiq UoNLNe [BRU10d [/1] 15191ul Jo dnoab sbe ay) Joj palepljen 10U aiam suulod-1nd Answods|edde paldde {[i/]
dWI} UD3IDS SSasse 0} pasn ajeds adA1-LayIT 9yl wiouy Buissiw 19m Y G— pue Y g—g Joj suondo [0/ ‘pt] Modai-juaied Ag pauleigqo a1am 1ybiam pue 1ybiay ‘[z] ainseaw ainsodxa jo Anjiqelaa 1o0od [6/ ‘€9 ‘7S ‘i) dinseaw
2insodxa Jo AupijeA sjqeuonsanb {[G9] aINseaW aW02IN0 pue [9/-19 ‘T9-1S ‘LS-6Y ‘Ob—t ‘Lt ‘€€ L €] 2Inseaw ainsodxe ay1 Jo Ajigelas pue AlipijeA s|jqeuonsanb pasn a1am sj0o) Juswainseaw ajeudoiddeur Ajlenusiod
‘[£S] P21UBWINOOP 10U 3J9M suonelAap d11dads pue [0d01oid woly parelirsp buldwes ([99] ajdwes aoualuaAu0d dAleIUSsaIdRI-UoU B d1am siuedidiued :anbiuydey buldwes sredoiddeur Ajlenuaiod 'seiq Jo 3su SNOUSS,,
95U0 Ajuo pajunod aie syuedpined pue Ajd1esedas pajuasaid ale syNsay (OQ-NVY) iKHSIGQ 1e9)9Q :MON SINPY Pue SPIY Wouy

elep pauodal [Sp] ‘e 19 Jain] Buijog pue [€S] ‘e 19 Aysuljoq {(DYST) Uaip|iyd ueljeasny jo Apnis jeuipniibuo ay) wouy eyep pauodal [1G] |e 19 z2IMaIzsA-19| N4 pue [SS] “|e 19 UMolg {(STJYHS) SIUSWUOIIAUT [00YDS
a1d ut Auanoy pue yyeaH jo Apnig ayp wiouy exep pauodal [£/] *|e 19 0sdwoy-eueds3 pue [9/] ‘|e 19 SSOY OUIdARL ‘ZL0Z O 800 SINYHN Wioly [€/] ‘|2 39 BosemL pue ‘900z 01 6661 SINVHN Wody [z/] ‘[e 19 uoynd ‘200T
016661 (SINVHN) A3AINS UoNEUIWEXT UONLIINN PUE Yl{eaH [euoleN 3y wolj elep pauodal [L/] ‘e 19 ezopud|y {(SISINTD) si9jooydsaid ul Apnis [edibojoiwapidg UoRLINN pue 3SI219X3 ‘YIMOID ) Wolj elep payiodal
[0S] ‘|e 19 udjens ueA pue ‘[6] ‘e 19 eqelnOoY| ‘[8] [e 19 SOIUB\ LOYOD YUIg aYyiuaig (OMDID) A1ISaq0 YUMm sphy 10j 191ud) Wadxg usbuluoio syl wouy elep pauodal [9] |e 19 ewsifis pue [Sp] ‘e 19 ewsiiS {(SANYHD)
Apn1s |00Ydsa1d Ul JUSWSAOK U ALAIDY S,ud.p|IyD Y3 woiy elep paiodal [e] '|e 39 undg pue ‘[6€] “[e 30 unAg ‘[£€] e 19 sweljip "s3jdwes anbiun of woly [08-/€ ‘€€~LE] SAIPNIS [RUONIBS-SSOID Lt SOPN|dU,
S103)§9 PIAISSGO BYL Ul SDUSPHUOD JO [IA3] YL PAYSIUILUIP 1eY) SEIq JO dSU SNOLISS & JO 3snedaq ,MO| AIdn, 01 ,MO|, WOLy PAPRIBUMOP SeM SIIPNIS [01IU0D-95ED BY) WO 3DUIPIAS Jo Alljenb ay L,

[G€] sn1e1s 1yBram s,usip|iyd> 01 pPale|al 1S0W UoleINp 3yl 99 01 Y | pamoys Jey) saskjeue aleliealq Aiojelojdxs uo paseq Aep/y |> 1o Aep/y < Jo buimaia

AL jo Kiobared Aq syuedidnied paziwoloydip siolebnseaul isiskjeue [eonsnels ajelidosddeur Ajjenualod [9€] asreuuonsanb jjedas Auande [edisAyd Aep-| ay3 Jo Aujiqelas pue Alpijea 3|qeuonsanp ‘seiq Jo %S1 SNoLas,

[9€ ‘S€] sa1pn)s [043U0d-3seD T mwvz_uc_“

$109449 PAAIDSO Y1 Ul 9OUSPHUOD JO [9AS] BY) PAYSIUIWIP 1Y SeI] JO SH SNOLISS e JO 3snedaq ,Mo| A19A, 01 ,MO|, WOlj PapeIbumop sem saipnis [euipnlibuo| 8yl woly 92uapIAd Jo Aljenb mf:.

[€€] Apn1s uonuaialul uonuaAaid Alsaqo paseq-buibessaw e Jo sdnoub [eluswiadxe pue [0J1U0d Sy) woly pajood 19Mm eleq ‘[68] UOIBUIWIISP 1ey) oy siseq e Buipiroid Inoyum ,'ss|gelieA SWodIno

10 J0121paid Ino 01 payul| 3q 01 A|3I|, SeM 1eyM JO UOIRUIWISISP ,SIOYINe BY1 U0 paseq sasAjeue WoJ) Palliwo JO PapN|dul 819M SI9PUNOJU0D [eiualod ‘Passasse a1am 1eyl s1spunojuod Ajiwe) pue pjiyd jenuaiod ayy
Jo ‘[68] Auanoe [edisAyd Joy paisnipe ![Gi] sisjeue syl ul papn|dul JO painsesw 10U sem 131p {[£€] 10} PaIUNOIIE 10U INg Passasse aIam doo|s pue uondwnsuod abelanaq pauslsams-iebns :s1010e) buneipsw o ss|qelea
Buipunojuod jueniodwi Ajjenusiod Joy unodde Jou pid [8g] spoyisw Jo asodind ayy ul pauodal Jou sem Ing ‘pazAjeue sem JA ¢ abe 1e |Ng ‘[z8] uoleue|dxa oYUM s3|gelieA insodxs Jou Ing sa|geliea Buipunojuod
1o} pauodal a19m syuedidiyied papnjdxa pue papnpul UdaMIaq saduJRIp :Buriodal aA11d3[3s 3qIssod ‘[L8] MoYod [eulbLIo 3y JO %/°09 pue djdwes pazAjeue ay) JO 9%Eg 104 uoleue|dxa INoyum a19|dwodul

a1am erep 1yblam pue 1ybisH ‘[68] papiroid 10U a1am suoseal pue Junowe Inq ‘buissiu se payiodas atem eieq [06-18 ‘vS ‘St ‘€€] 2Inseaw ainsodxa ay3 Jo Aljiqelas pue AlpijeA 3|qeuonsany “seiq JO YsU SNoLS
95U0 Ajuo pajunod ale syuedpied pue Aj91esedas pajussald ale synsay ‘(DYST) USIP|IYD Ueljensny Jo Apnis |euipniibuo syl woly elep payiodal [G8] ‘| 19 UOIRIYAN pue [$S] ‘e 13 ZoImanjzsA|-19)|n4 pue {(g-51D3)
10Yyo) yuig-Apnis [euipniibuo pooyp|iyd Aie3 ayy wouy eyep pauodal [€8] Ul pue saio]4 pue [8] ‘e 19 9Z00D {(DYdSTY) UaIp|iyD pue siualed jo Apnis |eulipnibuo UOAY ay1 woly elep payodal [zg] ‘e 19 Alea
pue [18] ‘[e 13 A|j1ay “Juswdo[aAaq plIyD Jo Apnig [eurpnibuot 33ganD ayi woly elep paniodal [68] e 19 YdLedzilg pue [p6] ‘|e 13 luebed ‘ssjdwes anbiun ¢ wouy [06-18 'vS ‘St ‘€] sa1pmis [eurpnibuoy €1 sapnpoul,
S109)J9 PIAIBSCO DY) Ul 3IUSPIUOD JO [9AS] BY) PaYsIUIWIP JeY) Seiq JO XSl SNOLISS e Jo asnedsq ,21eldpow, 01 ,ybiy, wolj papelibumop sem [el] paziWopuel 3yl Woij 9ouapiAs Jo Aljenb sy,

suonuaAIR1ul Bul||9sUN0d JO S1emeun [a1ed [ens() {0J1U0D “UONBIND >33M-8 BUI) US3IDS 35e3103P 01 PAPUSIUL |[BD BUI||BSUNOD SUO pue SO SAIDRISIUI PUR S|eudlew pajuud € (UoRUBAIRIU,

(1000 > d ||e ‘Aep/ulw $8'8L F96°€6 SA ZTL'9 F GL'LT 0W 6 ‘Aep/uiw £/

F G678 SA SY'Y F TL YT ‘oW 9 ‘Aep/UlW €9'LZ F #9°98 SA 9€'9L F 8F'6€ OW T QS F ueaw) uonuaaul-1sod dn-mo|jo) ow 6 pue ‘ow 9 ‘ow z 38 dnoib [013U0D SA UORUSAISIUI 9Y) Ul Jamo| Auediiubls sem swil usaids,
[7€] sdnolb usamiaq palsixa saduejeqIl dUIdSE] JI dUIWLRISP 01 d|gissodwl 11 Bunjew ‘paniodal J0u a1am eiep auljdseq ‘pariodal-Axoid o painseaw Aj1dasp a1am 1yblam pue

612y J1 sedppun Apnis a1 Guunp dnol uonuaAISIUL J0U INQ ‘|0JUOD WO P3[eaduod Aj3lenbape sem uonedojje dnoub Juswubisse dnoib o3 Joud pajesduod Ajsienbape sem uonedojje i Je3PUN 'SeIq JO dsU SNOUSS,
[¥€] 1e13 pajjoa3uod paziwopuel | sapnpul,

uoneziuebiQ Yi|edH PUOM OHM ‘UONEBIASD piepuels S ‘92104 yse] AlsaqQO [euonewsaiu] 410/ ‘Anawondiosqe Ael-x ABIsua-jenp X ‘UOIIUIARIJ PUB [0J3UOD) 3sedsIq 0} SI9IUdD) DI ‘Xdpu| ssely Apog Jng

[69] suoeIDOSSe [INU paLiodal saIpnIs L/L

‘(uonpinp) $400q buisn

[G¢7] suoneosse [nu payodal salpnis L/

‘(uonpinp) s103s AQoq ul awi|

[6/] SUOIIBIDOSSE ||NU PU 3|geINOARJUN PaXIU paliodal salpmis /L
:(uonvinp) Aojd 131nb AipiUPAS

:sinoineyaq Kiejuspas 19ylQ

[69] suoneosse [Nu pauodal salpnis L/1L
‘(uonpinp) soapIA/SaAd buiy2io/

[69] SuoIeDOSSE 2|qeINOARJUN paLiodal saIpMIS L/
‘(uonbinp) saupb oapip

[69] suoneposse [Nu palodal salpnis L/L
‘(uonpinp) 1oula3u 2y buisn

YO uoispaldwl  ssaualipul  ADUSISISUODU|  SeIg 4O %SlY (sa1pNIS 10 “ON)

Aijenp 109}49 31N|0SqY 1USWISSasse Alenp ubisag  suuedpiued jo ‘oN

(panuuod) Aysodipe pue Jnojaeyaq Aleiuspas usamiag diysuonejal 2y L ajqeL



Page 73 of 215

The Author(s) BMC Public Health 2017, 17(Suppl 5):868

S109449 PAAIISO Y} Ul IUSPHLUOD JO [9AS] SY} PAYSIUIWIP JBY) SeIq JO HSI4 SNOLSS B JO 9snedaq ,Mo| AISA, 01 ,MO|, WOJ) PIPLRIBUMOP SEM SIIPNIS [BUOIIDDS-SSOID WO SDUIPIAS JO Aljenb ayl,

[ot7] @ansodxa awi A1eluapas ul papnppul sem Aep ay3 buunp dasjs {[0t] 152191Ul JO SWOINO dY) 01 pale|dl

ua9q aAey Aew eiep Buissiw 1oy uoseal saledlpul asuodsaiuou Jo ussned pue eep Buissiu paulejdxaun Jo (9%6°0€) unowe abue| {6 ‘€6] 21nseaw ainsodxe Jo Aujiqelas pue AlpijeA 3|qeuoisany “seiq Jo Ysl SNouaS,
sajdwes anbiun  wouy [16 ‘€6 ‘OF ‘LE] SBIPNIS [EUOI}IDS-SSOLD {7 sapnpul,

S1294)9 PaAISSQO Y} Ul IUSPLUOD JO [9A3] Y} PaYsIUIWIP 18y} Seiq JO S SNOLI3S e JO asnedsq ,MO| AIaA, 01 ,MO|, WOoly papeibumop sem saipnis [eulpniibuol woiy eouapiae jo Ayjenb sy,

[26 ‘16 ‘88] @inseaw ainsodxa Jo Alljigelas pue AlpijeA s|geuonssnp ‘seiq Jo ysu snouas,

sajdwes anbiun g wouy [z6 ‘L6 ‘8] salpn3s Jeulpnyibuoj € sapnjpul,

A)|IqYy J0I0|Al [BNSIA JO JUBWISSISSY aBueY-aPIM VINAYEM ‘UOIHIPS PU0IasS—saeds Jojol [eauswdojanag Apoqead z-SIWAad ‘Apnis |ooydsald Ul JUSWSAOW pue AUANDY SUIp|iyd SdWYHD

[£6] SUOREDOSSE ||NU pUE 3|geINOARJUN PaXIW paniodal salpmas L/
‘(uonpinp) uonisod auydns uj awi|
:sunoineyaq Kieuapas 1BY10

[6] SUOIIRIDOSSE 3|qeINOARJUN PUIOdaI SIPN3S L/
{(uonpinp) awi AL
isinoineyaq K1ejusapas paseq-uaaidg

[£€] SUORLOSSE [|NU PUE 3|GRINOARJUN PIXIW pauiodal salpnls Z/1
[ot] suoneosse [nu pauodal saIpnIs /L
{(PaNIBD-1212WI0I31220D) Bl AIDIUSP3S [DIO]
[ot] suoneposse [Nu pauodal saIpnIs /L
{(PaALIaP-I212WI0I3]222D) SINOQ UIWI-0E dWl} AIDIUBPaS uolspaidw  ssaualipul  ADU1sISUodUl seiq Jo
FUSIRAEN :awn A1ejusapas painseaw A|pARd3(qO SUON SNOURS ON SNOL3S ON SNOLSS ON  JfSH SNOUSS  ,[BUONIBS-SS0ID () 189

[16] suoneposse |nu payiodal salpnas L/
(uonpInp) 13}jo11s b U dWil|

[L6] suoneposse [|nu pauodal saipnis L/L
(uonpinp) uadAoid o ui awi|

[L6] suoneposse |nu payiodal salpnas L/
(uonpInp) J1by> Jay10 10 by ybiy b uj awi|
[L6] SUONPIDOSSE 3|GRINOAR) PUB [|NU PaXIW pauodal saipnis L/1
‘(uonpinp) 10as Ipd> b Ul W]

[L6] suoneposse |nu payiodal salpnas L/
(uonpinp) buijs/ialips Aqoq b uj awi|
:sunoineyaq Kieuapas 1BY10

[26] suoneposse
[INU pUe |gRINOARJUN PaXIW Pa1iodal salpnis €/1
[16 ‘g8] suopnedosse |NU pauodal salpnis €/
(uonpINp) W AL uolspaldwl  sssupalipul  ADUSISISUODUl SeIq J0
Moy Aiap isinolAeya( A1eIUdpPas Paseq-uaaids SUON SNoUas ON SNO3s ON SNOUSS ON  YSM SNOUSS L[BUIPNIBUOT ©) s1pe

(1591 YIWAYYM 943 AQ passasse) Salijige JOJOW-[ensiA pue ‘(j020101d [|14S J0I0I SANVHD 4O *,usWdOjaAsp JoI0W sSOIb JO 1533, B AQ passasse) [0AU0d 103(qo ‘(,2102s Alfewndo [ed1bojoinau, e Aq passasse)
SIS J010W ‘(10201044 [IMS JOIOW SANVHD 10 Z-SINAd Y1 AQ passasse) JUSWAOASP [[Bfs JOIOW ‘(J0D0101d [[1MS JOIOI SIANVHD 40 ,1uSUdORASp J0I0W SSOID JO 1531, B AQ PIsSasse) s||iNs JOIoW0d0)|
/UOIIOWOD0] ‘Bupyjem Isiiy 1e abe ‘Buipmeld 1siiy 1e abe ‘Bunyis 1sly 1e abe :21om sioedipul dyads (pa1edipul asIMISYIO ssajun Lodai-luaied AQ passasse a1am sIo1edIpul JUsWdojaAsp J010p ‘dn-moj|o4
JO SIe9A € 01 dn pue A||BUOIIIIS-SSOID PID3||0D d1am ele( 'sieak +°G sem dn-moj|04 18 968 Ueal 1S9P|0 33 ‘SIeak —¢ 01 (JA £0) OW p~ WOl pabues JUSWIINSEAW 2INs0dxXa JO awifl 18 sabe juedidiuied

BYIO  uoispaidw] ssaualipul  ADUD1SISUODU|  Selq JO ysly

(S31PN3s JO "ON)
Aljend 19942 9IN[OSqY Juswssasse Aljenp ubissg  suedidiued jo oN

JUaWdO|aASP JOJOW PUB INOIABYSQ AIPIUSPSS Udamiaq diysuoneal 3y| T ajqeL



Page 74 of 215

868

The Author(s) BMC Public Health 2017, 17(Suppl 5)

$109)J9 PAAIDSUO Y] Ul SIUSPLUOD JO [9AS] SYl PAYSIUIWIP 1Y) SeIq JO YS1 SNOLI3S B JO asnedaq ,Mo| AI9A, 01 ,MO|, WOJ) PapeIbuMOp Sem SIIPNIS [BUOIIDDS-S504D WO 9IUSPIAS Jo Alljenb sy,

[¢6] dn-mojjo4 JeaA-€ 1e elep awodIno Huissiw paulejdxaun Jo (0Z0F/81T) JUnowe [jews ‘[00L] Inolreyaq |epdosoid pue ‘swajqo.d 150d

‘swa|qoud 1onpuod ‘swordwAs [eUOOWS J0) SaINSeaW awo21no Jo Aujigeljas Jood [901 ‘SOL ‘€0L ‘LOL ‘001 ‘86] 24nseaw ainsodxa uoneinp UoIsIA3|R) JO Alljigela) pue AlpljeA 3|qeuonNSaND ‘selq JO YSU SNoLaS,
sajdwes anbiun £ wouy [901-€0L ‘LOL ‘001 ‘6] SPIPNIS |BUOIIIDS-SSOID / mw_u:_uc__

S109J9 PAAIDSCO Y1 Ul DDUSPIUOD JO [9A3] DY) PAYSIUIIP 1BY] SeI] JO YS1 SNOLIS e JO 9snedaq ,mo| AI9A, 01 ,MO|, Wol) papeibumop sem salpnis [euipniibuo| woly 3uapiAs Jo Alljenb mE.;.

[66] paulwexa sdiysuonejal ||e 10j pariodal 10U a19m s)nsal 919|dw0d {[£6] 152491UI JO SWODINO Y} 0) Pale[as Usaq aAeY Aew elep Buissiw Joj uoseal sajedipul asuodsaiuou jo uianed pue elep

Buissiw paulejdxaun jo Junowe abue| (0o L] Jnoireyaq [eidosold pue ‘swajqoid 1aad ‘swajqoid 1onpuod ‘swoldwAs [euonows pue [zoL] ANjiqisuodsal 1oy saunsesw awod1Ino Jo Aljigel|as Jood [96] Ajuo sAKepyaam
UO aInsesw ainsodxs uoneinp uolsiAs|a) Jo Aljiqelas pue Aupljea sjqeuonsanb [€01 ‘Z0L ‘001 ‘66 ‘L6 ‘T6 ‘06] @Inseaw ainsodxa uoneinp UOISIA3[31 JO Alljigeljal pue AlpijeA 3|qeuonsanp ‘seiq JO 3sl SNOUSS,
92U0 Ajuo parunod ale syuedpiued pue Aj91esedas pajussaid ale synsay (@DSTO) WawdoPAaq plIYD Jo Apnis [euipniibuo 23gand 3y woly eyep

pauodal [G6] |e 19 e PUE [Z6 ‘06] ‘| 19 luebed pue ‘Apnis Y UoieIauan ay) woy exep pauodal [66 ‘/6] ‘|e 19 uspullia) ‘sajdwes anbiun 9 wouy [€01 ‘Z0L ‘001 ‘66 £6-S6 ‘26 ‘06] S@1pNis Jeuipniibuo] 6 mw_us_uc:
$129)49 PaAISSO 3y} Ul

92UBPIUOD JO [9A3] DY) PAYSIUIWIP 1Byl [eL] PI|[0JIUO0D PazZiwopuel 3|6uls Y3 Ul Seiq JO sl SNOLISS e JO asnedaq ,a1eiapow, 01 ,ybiy, wolj papelsbumop sem [el) Paziwopuel 3yl Woiy 3duspias Jo Aljenb ayl
SUONUIAIDIUI BUI|[9SUNOD JO BIeMeun [31ed [BNs() :0JIUOD) “UONEBIND }99M-8 1B} USIDS Jsealdap o) Buipualul ‘||led> Bul||asunod auo pue sgD dANdeIRUI pue s|eLdlew pajuld € :uonuarRul,

(L00°0 > d ||e ‘Aep/ulw $8'8L F 96°'€6 SA TL'O F SL'LT YIuOW 6 ‘Aep/uiw £/ ¥ F S6'48

SA S¥'¥ F 2T :Yuow 9 ‘Aep/ulw €9°LZ F£9°98 SA 9E€°9| F 8F'6€ :Yluow z :dS F ueaw) uoiuaaiaul-isod dn-mojjo) yjuow-g pue ‘-9 ‘-z 1e dnoib |0J3u0d SA UOIIUIAISIUI Y3 Ul Jamo| Ajjuediiubis sem awiy uaasg,
[€] sdnoib usamiaq paisixa saduejequll

auljaseq Ji suiwidlep 03 d|qissodwi U Bupjew ‘paniodal Jou a1em eiep auljdseq (Buipuliq Jo el Ag padusn|jul UG dABY 01 A|9YI| SI JUSWSINSEIW SWODINO pue Pa1uRA3Id 10U SeM 1S3J91Ul JO SWO0DINO JO
abpajmous| :Apnis ayy Bunnp dnoib uonuaAIRUL 10U ING [01IUOD WO P3jeaduod Ajlenbape sem uonedoljie dnoib Juswubisse dnoi6 o) Joud pajeaduod Ajpienbape sem uonedojje ji 1es|duN ‘selq JO sl SNOLAS,
[€] 1eM3 pajjo13u0d paziwopues | s3pnpuj,

aJleuuonsan sanndIYIg pue syibuans OJgs ‘i1euuonsanp JoIAeYag [BID0S DS ‘IUSWISSISSY [EUOIIOWT PUR [BID0S I9|PPOL-1UBjU| PILIPON YIS-LIN ‘UOISISA PISIADY-S1USISI|OPY PUe UIP|IYD Ul 3)I7 Jo

AjenD parejay-yijeaH Buunses|y 104 241euuonSaND , TGNY ‘d41BUUOISIND JuBWeIRdWS L PIIYD QLD ISIYI3YD J0IARYSg P|IYD 7DD XOPU| SWd|oId JOIABYDY [dg ‘UBIP|IYD 10) WIISAS JUSWISSISSY JOIARYDG Z-DSYE

[86] SUOIIBIDOSSE 9|RINOAR) PUE |NU PaXIW paliodal saIpnis 9/L
[SO 1] SUONEIDOSSE ||INU PUE 3|CeINOABJUN PaXIW paiodas sa1pnls 9/|
[901 ‘001] suoneDosse |Nu pavodal saIpnIs 9/¢

[€01 ‘LOL] SuoneIDOSSe 9|qeinoA_jUN paLodal salpnis 9/
J(uonpinp) awir A

:sinoineyaq A1ejusapas paseq-ussidsg

[¥01] suopeosse [nu payodas saipns L/
{(PaNIBP-1218WI0I3[92D) dUl) AIDIUSPSS [DIO] seiq jo
M| A1z 2w} 1ejuapas painseaw A|PAIIRIGO  SUON  UOISDIAWI SNOLSS ON  SS2UIDUIPUL SNOLSS ON  ADUS1SISUODU| SNOLS ON  YSH SNOLSS |euon235-5501 (V) 62v6

[201] SUONEDOSSE 3|grINOAR) PUB [|NU PaXIU paLodal sa1pnis 6/L
[001] SuonePOosse |Nu pauodas saIpnIs 6/L
[66 '26 96 ‘26 '06]
SUONBIDOSSE [|NU PUB 3|GRINOARJUN PaxIw paliodal saIpnis 6/
[€01 'S6] SUOIBDOSSE 9|geINOARJUN paliodal SIPNIS 6/C
‘(uonpinp) awin AL
[96] SUOILIDOSSE ||NU PU S|gRINOARJUN PAXIW palodal saIpms /L

‘(uonpinp) Ja3ndwod v uo Jo bujwpb-a awi| uolspalduwl SSauIdaIIpUl Aouaisisuodul 5Selq Jo

4MOJ KIDA :sinoineyaq A1ejuapas paseq-usaids  SUON SNONas ON SNOLSS ON SNOLSS ON  YSH SNOLSS :mc__uE_@coJ 6) Log'sL

‘€] uonusanRIUI-SOd SYIUOW-6 18 dNOoIb [0IUOD SA UOIIUSAISIUI
9U1 Ul J9MO| AJuedIubIS a1om Ing ‘auleseq 1e sdnoib [0auod pue
UONUSAIIUI DU} UDIMID] JURIDHIP 10U 2I9M SInojaeyaq juanbuijap
pue aAIssa166y * uonusnslu-isod syiuow 6 pue ‘9 ‘g 1e dnolb uolsaduwl SS2UIRIIPU Aouaisisuodul 45819 40
J91RISPOIA  [0JIUOD SA UONUSAISIUL 3U1 Ul I9MO| ApUedIUBIS SeM _3Wil3 UsaldS  SUON SNouas oN SNO3s ON SNOLSS ON S SNOUSS  [el1 paziwopuey (1) Zly

“(areuuonsanb paysiigndun Aq passasse) WnDIA-A|ING 0 ‘WndIA ‘A|Ing e Buiaq Jo 3si pue (OGS auy1

Aq passasse) Inolneyaq [e1dosold pue ‘Uoissaibbe [edisAyd ‘A1sixue ‘UOReZIWNDIA (D1D Y AQ passasse) AlBUOROWS pue ‘Alljigenos ‘AlIqeyioos (yY3S-1IN 9Ul AQ Passasse) 9oua1adulod [euoiioud-[e1os ‘(4 1OND 2y Buisn passasse)
SHIOMIDU [e120S PUB ‘BUIUORdUN AjILIE) ‘DUISC-|[oM [PUOROWS 'WS1S9-}3S (DS Y3 Buisn passasse) Jnoireyaq [eposold pue ‘suwajgoid ssad ‘uonuaneul-AiaideisdAy ‘swiajgoid 1onpuod ‘swisjqoid/swolduwAs [euoinows {(WsisAs
Buney s||MS [PIDOS SY1 AQ PISSISSE) S||INS [e1D0S [e101 PUB ‘|0JIU0D-}s ‘AlljIgisuodsal ‘uoiasse ‘uolelado-02 ‘(aireuuonssnb paysiigndun Ag passasse) bulk|ng ‘(z-DSyg aui Ag passasse) AlaidesadAy pue swis|goid uonuane (dg syi
Jo 2easans AuAnDeIadAY syl Ag passasse) swiajqoid [euonuane (10gD asaueder 10 1DgD 2yl AG Passasse) swiajqold uoiuane pue ‘swoldwAs passaidap 10 snoixue ‘AlAnDeal [euonows ‘suajgoid buizijeusaiul ‘swsjgo.d
Buizijeusaixa ‘swajqoid INolA_YaQ (101 ‘SINOIABYSG 1Uanbuljap ‘uoissalbbe/sinoineyaq aAIssaibbe |(]eds Jolneyag [e1n0s Buligls aA1Ssa1b0y 2yl AG passasse) Bullgls e pIemol UOISSaIBH. :21am SaINseaw Yi[eay [eID0SOYdASd
‘dn-mo|0} JO sI1eaA 6 01 dn pue ‘A||eUOIID9S-SS01D ‘|eL) PaZILIOPURI AG PR123]|02 219M Bleq sIeak 7|~ sem dn-moj|o) 18 abe ueswl 159p|0 a1 'S1eak €4 01 |~ SeM JUSWRINSeaW 2Insodxa JO awin 1e sabe ueaw Jo abues sy

1BY0 uolisasdul SsauIdaIIPU| AdUS1SISUODU|  SBIq JO YSIY (S3IPMS 40 ON)
Aujend 109449 IN[0sqY 1USWISSasse Aljenp ubissQ Ecma.,.u,.tma Jo 'oN

Yijeay [e100soydAsd pue Inoineysq Aleluspss ussmiaq diysuoielss syl € ajqel



Page 75 of 215

The Author(s) BMC Public Health 2017, 17(Suppl 5):868

[£01] suoneposse ||nu payodal salpnis L/L

‘(uonbinp) sauipb oapiA

[FZ1] suoneosse

3|geINOARJUN PUB [[NU paxIWw pariodal saipmis L/L
‘(Uonpinp) ainsodxa pbipaw P10}

[811] suoneposse

[[NU pUe 3|geINOARJUN Pax|W payiodal salpnis 6/1
[LZL'SLL'PLL ‘001 '06] suoneosse |inu pauodal salpmis 6/t
[€21 ‘801 '#6) SUOIBIDOSSE d|qeINOARjUN PaLIodal SIPNIS 6/€
‘(uonpinp) awn Af

[601] SuUOpeDOSSe |gRINOARJUN PayJodal saIpnIs L/L

:(ou ‘saff) asn auoyd ajiqoyy

[601] suoneosse ||nu payodal salpnis L/L

:(ou ‘saf) asn Jaindwiod

:sanoineyaq A1ejuapas paseq-uaaidg

[¥01] suopeosse [nu payodas saipnis L/L

{(PaALIaP-121aWI0I3]222D) AW} KIDIUSPaS [DIO ] uoispaidwl  ssaudRIpul  AdUSISISUODU]
RSEIN 2wy A1ejuspas painsesw APARBIGO  SUON SNoLas oN SNowas ON SNOLBS ON  ,SBIG JO S SNOUSS  5[eUONISS-5501) (91) 0££6
[91 ] suopeposse |geinoAejun payodal saipnis L/
awn AL uolspaidwl  SsaudRMpUl  ADUSISISUODUI
MO[ A1 :sinoiAeyaq A1eIUdpas paseq-usalids  SUON SNouas oN SNOW3S ON SNOLIdS ON  ,SeIq JO YSU SNOLIAS £101U02-3580) (1) 991

[611] suonedosse a|geinoAe)

pue ‘||nuU ‘3|qeINOABJUN PaXIW paliodal salpmis OL/L

[czl '€LL 'T0L ‘8] suoneidosse |inu pauodal salpnis 0L/t
[LZL‘0zL ‘001 ‘26 ‘06]

SUONEIDOSSE 3|geINOARJUN paLiodal saIpMs OL/S
‘(uonpinp) awi A

[LZ1] suonenosse a|geinoAe) payiodal salpnis L/L
:(fouanbayy) buippal su104

:sinoineyaq Aiejuapas 19Yyi0

[1 1] suoneosse a|geinoAejun payodal salpnis L/
‘(UolDIN) 2iNSOdXa DIPaUI JjUOIIIA|T uoispaidwl  ssauldRlpul  AdUSISISUODUI
JMoj AIaA :sinoiAeYaq A1eIUDPIS Paseq-usalds  SUON Snouas oN SNouas oN SNOLSS ON  ¢SBIq 4O s SNOLS L[uipnbuo (1) /268

“(3531 ||BD3J JagqUINU DgY-Y pue dse] doons [ewiuy ayi buisn

passasse) Apeded Alowsuwl Bupjiom pue (UoieUIWEXS [EDIUND PUe ‘sjusied YlIM UONESISAUOD ‘YDeqUayYDY AQ 1SIPRSYD J0IABYSG PlIYD PUP 1591 YUNINYD Yl AG Passasse) siaplosip ydaads (DSIM 2yl JO
ueds b1 1oy Ao 3Y3 AQ Passasse) AJowaw Wis)1-Uoys (1 Add AQ Passasse) AIejngedoA [e10) pue aAldadal (1MN Ag passasse) abpajmouy| Jaquinu {(1|d 941 Ag passasse) uolsuayaiduwod bujpeal
‘uoniubodas Bulpeal ‘soiPWSYIRU (UORNGLISIP SSB|D SU3 O} SAIJR|SI SB PISSISSE) SS3DDNS [BI[IWSY1RW (1S3} [[-I9AUST UM JUSUISSaSSe [ejuawido@aap pue ‘sisoubelp [edipawl ‘SWYTD 1BYL ‘DSY-M

1AD P-4713D ‘Td-413D 7-S1d ‘DOSY AQ Passasse) UoIeDIUNWILIOD AIssidXe ‘uoisusyaidwod Alolipne ‘(jejo3) Juswdojaasp abenbue| ‘(Jamol ‘ueds 1BIp premydeq Jadsiym ‘Mmous/sselb :sysey INoy ‘z-Dsvg
oy ‘Apeded Aowsw Buppom pue [0au0d A10ugIyul ARIUBOD JO 931S0dWOD B Se passasse) UoRdUN) aANNJSXS ‘(qse| doouls [eulluy ayl AG Passasse) [011uod Aioligiyul sAubod ((j11-disg pue |1-aisg
AQ passasse) uawdopAsp aARIUDOD (s8] Builog uonelw| 3yl AQ passasse) Aljige aAubod (aifeuuonsanb paysiigndun ue pue 3jed5 1uswabebug WooisseD) e AQ Passasse) Juswabebus wooissed
(O1D ay1 Aq passasse) ueds uonuamne ‘(1dg ayi Aq passasse) swajgoid [euonuane (AFNSQ Yl U0 paseq SisIpRayd Ag passasse) swoidwAs gHQY :@4am sioledipul Juswdolaasp aaubod) ‘dn-mojjoy
JO s1e2A g 01 dn pue A||eUOD35-5501D PAIDI||0D am eleq 'sieak Q| 01 6 sem dn-moj|o) 18 abuel abe 15ap|o Y ‘SIeak 1 O3 G0~ SeM JUSWIRINSeaW 2Insodxa JO auli} 1e sabe ueaw Jo abuel ay|

19YIO  uoispaIduwl]  ssaudalipul  ADUR1SISUODU| seiq Jo sy

(sa1pnis Jo 'ON)
Aljend 10949 2IN|0sqy JuaWIssasse AlenD ubissg  swuedpiued Jo oN

JuaWdolaASp SAIHUBOD puUe INOIABYSQ AIRIUSPSS Udamiag diysuoneal 3yl v ajqeL



Page 76 of 215

868

The Author(s) BMC Public Health 2017, 17(Suppl 5)

S1094J9 PAAIDSCO BY1 Ul SDUSPHUOD JO [9A3] BY) PAYSIUIWIP 18] SeIg JO YS1 SNOLIdS e JO asnedaq ,mo| AI9A, 01 ,MO|, Wolj papelbumop sem sa1pnis [eulpniibuol woiy 95uapiAs Jo Alljenb ayy,

[LZ1] pauodal Jou a1am sisAjeue ayj Jo sHNSaJ Y3 pue s3jqerieA papn|pul Ing ‘pawiopad aq pinom sisAeue a1eLAIG 18yl Paiedipul APnis SUO JO UORDS SPOYIaW

QU1 {[SL L] S)Nsa1 Y1 ul panodal Jou Ing pPa123)|0d Apariodal a1am sdiysuonelal [euipniibuol (0L L ‘06] 9w02IN0 pue [601] 2insodxs jo bunodal s19|dwodul 153491UI JO SWODINO 3Y) 0) Ple[3I USS] dAeY Aew elep
Buissiw 1o uoseas saresipul dsuodsaiuou Jo usaned pue elep Buissiw pautedxaun Jo [KZ1 ‘LZL] %09 PUB %87 UddMIBQ IO [£1L ‘601] Junowe umouun (0L L ‘601] dINsedaw dWodIN0 dY3 Jo Aujigeldl Jo/pue Aupijea
9|qeuonssnb ‘[0 |] 2inseaw 2insodxe awi} A| JO UONEWIISI9A0 pamoys Apnis uonepljea 6] ainsesw ainsodxs jo Alpljea sjqeuonsanb {[yz1-1zL ‘ZLL ‘SLL‘LLL ‘60L-901 ‘06] dinseaw ainsodxa 3y Jo Ajiqel|as

pue Aupijea sjqeuonsanb {[z1 ‘21 1] paunIdas sem 11 ydiym woly uonejndod [jesan0 Y3 uey) uonedsNpPa pue swodul Jaybiy yum asidwes e uj paynsas anbiuyday buidwes sjeudosddeur Ajjernusiod ‘seiq Jo ysu snouas,
95u0 Ajuo parunod ale syuedpined pue A91esedss pajuasaid

aJe synsay "3|dwes swies 3y} woy elep papodal [y L] ue|jduuoq pue uosnbia4 pue [£11] ‘[e 33 UBWIBWWIZ ‘[FZL ‘€TL ‘LTL '8LL ‘ZLL ‘SLL L1 ‘LLL=ZOL "¥OL ‘0L ‘¥6 ‘06] SBIPNIS |EUOI}IBS-SSOID 9L SIPN|DUg

S1294J9 PIAIISCO BY) Ul 9DUIPYUOD JO [9AJ] YL PAYSIUILUIP 1BY) SeI JO XSl SNOLIJS e JO dsnedaq ,mo| A1aA, 01 ,MO|, WOy PapeIbuMOp sem Apnls [011U0D-95d 3y} WOy 9DUIPIAS Jo Aujenb ayy,

[91 1] SSWO0IN0 J3Y10 YUM SISAjeue Ul PauUIqUIOd 10U J9M S|gelieA 911sodwod pue ‘Spoyiaw sy ul payidads-aid Jou sem ,Aep/y z< Buimaia

AL, pue ,buimaia A| Jo 19suo jo abe, Jo ausodwod e woiy Aejap |eruswdolpaap paripaid eyl [spow uoissaibal oyl ‘swajqoid dy1dads 1o a19As ss9| Bundipaid oy o)qel@iun Bulaq se pazidnud usaq sey Ing swajqoid
|eauswdolansp 21995 Hundalep J0j [NJasN sI 9jedS || JSAUSQ dY) ‘2insesaw ainsodxa uoneINp UoISIA9IR) JO Alljiqela) pue AlpijeA ajqeuonsanb jielap Jood ul paquIsap sem ainseaw 21nsodx3 'seiq Jo sl SNouaS,

[9L1] Apn3s josyuod-ased | sapnpuj,

S1294)° PaAISSUO By Ul 3DUSPLUOD JO [9A3] BY} PaYSIUIWIP JBYL SeIg JO dSU SNOLISS e JO asnedaq ,Mo| AIaA, 01 ,MO|, Woly papeibumop sem saipnis [eulpniibuo| woly aduspiAe Jo Aljenb ayl,

[LZ1] pauodal 10U aiam

sisjeue 3y} JO Ss}nsal 9yl pue sajgelieA papnjdul Ing ‘pawlopad aq pjnom siskjeue alelieAlq Jeyl paledipul APNis SUO JO UONDS SPOYIdW dY1 [06] JUdWASIYDe Hulpeas pue ainsodxs A ] usamiaq diysuone[as syl 1oy
Aj919]dwiodul payiodal a1om elep ‘[1Z| ‘zL 1] 159493l JO SWODINO 3Y) 0) Ple[dI U] AeY Aew elep Buissiw 1oy uoseal 9yl sa1edipul asuodsaluou Jo uialled ay) pue (Buissiw %0 PuUe %p<) e1ep buissiw paulejdxaun
pey SaIpNis oM} {[88] UOIIDSS SPoyIaW ay} ul paqudsap buiaqg jou aydsap pazAjeue sem JA € abe je ||Ng pue ainsodxa Al usamiaq diysuonedas ayy asnedaq ‘seiq buiodal 3iqissod [z L] (65°0= D) ISIHI3YD Jolneyag
PIIUD 3Y3 Jo 3jedsqns swdjqoid uonuany Jo Aujiqerfas sood {[gzL-6L1L ‘ELL ‘TLL ‘ZOL ‘00L ‘Z6 ‘06 ‘88] SAIPNIS ||B Ul diNseaw 2.nsodxa UOHEIND UOISIA3IS) JO AlI|IGeIjal pue AlIpI[eA 5]qeUONSIND 'SeIq JO JSU SNOLBS,

95U0 Ajuo pajunod aJe syuedpined pue A|31esedas pajussaid ale s3Nsay *(PIIYD-ASIN)

s}npy Bunoj pue ‘uaipjiyd ‘YyinoA Jo ASAINS jeulpniibuoT [euoneN oyl wouy exep payodal [611] SIISUYD pue uewswwizZ pue [0Z1] |e 1@ sBjeisuyd ‘[€11] SUBjIBA\ PUB 191504 pue ‘eAIA 103[0id wouy elep payiodal
[88] “|e 13 IPIWYAS {(dDSTD) Wwawdolpasg pliyd jo Apnis [euipnubuo 29gany syl wioly elep pauodal [Z6 ‘06] |e 19 1uebed (SAT3) ApniS eloldIA ul sbenbueq Ajie3 sy woly elep pauodal [LZ1] ‘e 19 uesydW (31139)
$5920NG uonesnp3 pue ‘Axesan ‘abenbue Ajie3 1oy 133foid anAs||ag ay1 woly erep pauodal [z11] ‘e 19 sojnodowo] ‘sejdwes anbiun g wouy [zZ1-611 ‘SLL ‘TLL ‘TOL ‘001 ‘26 ‘06 ‘88] sa1pn3s Jeuipnyibuo) L sapnpdul,
ua.apjiy> 1oy sjedss

2ouab|21u] J9|SYI9M DSIM 1591 Alejngedop aindld Apogead [Add ‘—-o1eds abenbue |ooydsald #-ST7d ‘1591 JUSWSARIYDY [enplAlpul Apogesd [/d ‘191 abpajmouy Jaquinn [yN ‘@Jieuuonssnd sabeis pue saby-uealoy
OSV-Y ‘UaJp|IyD 104 A1911eg JUSWISSISSY URWINEY DgY-Y ‘b—SI9pIosiq [eIUS|A JO [enuely [edsiels pue diusoubeiq Al-WS@ ‘@ieuuonssn juswelsadwa] pliyd 01D ‘9[edS auolsafiy Alolipny dnsinbury [eaiund SWy1
‘uoilIp3 Yyuno4 sjejuswepund abenbue Jo uonenjead [ed1UlD F-477D ‘|00YISaid-S|eluswepuny abenbue Jo uonenjeAs [edlul]d Zd-479D ‘A1olusAu] JuswdoaAsg SANEIIUNWWO) (D ‘X3PU| SWS|qold [eIoIARYDg |dF
‘suonIpa pJiy) pue puodas—juawdolaAaq 1ueju| Jo sajeds As|Aeq jjj-qisg pup jj-giSg ‘Uaip|iyD 10} WIISAS JUBWISSISSY JOIARYDG Z-DSYg ‘lleuuonsan) sabels pue saby Osy 4aplosig AuanoessdAH/anyeg-uonuany gHay

[zl 'Z11] suoneposse

9|qeINOAR pUE [INU paxiw paniodal saIpnis g/
‘(fouanbayy) suaipd yum buijjpifiors

[L11] suoneidosse a|geinoAejun patiodal salpnis L/
‘(uonpinp) awi uaaids

[#Z1] suonedosse

3|geINOAR) pUE ||NU paxiul payodas salpnis €/1
[£11] suoneidosse a|geinoAe) payiodal salpnis €/1
[0L 1] suoneldosse ||nu payodas salpnis €/1
‘(fouanbaiy ‘uonpinp) syuaipd yum buippay
:sanolneyaq Aiejuapas 1Yo

YO uoispaidw)  ssauldalipul  AdUSisisuody| seiq Jo sty (S31pNIS 4O ON)

Aiend 12949 2IN[0SqY JUBWISsasse A1jenp ubissg  suedpnied jo 'oN

(panunuo)) JUsWAoRASP SAINUBOD pue InoiAeyaq Aleluspas usamiaq diysuonelas sy + ajqel



The Author(s) BMC Public Health 2017, 17(Suppl 5):868 Page 77 of 215

Table 5 The relationship between sedentary behaviour and bone and skeletal health

No. of participants  Design Quiality assessment Absolute effect Quiality

(No. of studies) Risk of bias  Inconsistency Indirectness  Imprecision

The mean age was 4.4 years. Data were collected cross-sectionally. Bone and skeletal health were assessed objectively using quantitative ultrasound.

1512 (1) Cross-sectional®  Serious risk ~ No serious No serious  Serious Objectively measured sedentary time: Very low?
of bias® inconsistency  indirectness  imprecision®  After adjusting for MVPA, accelerometer-derived sedentary

time was no longer significantly associated with bone
stiffness index (Sl) in preschool children (3 =-0.37;
R?=19%; p = 0.28) [125].

Screen-based sedentary behaviours:
There was no association between parent-reported screen
time and SI (3 = —0.04; R* = 184%; p = 0.50) [125].

MVPA moderate-to-vigorous physical activity, S/ bone stiffness index

Includes 1 cross-sectional study that reported data from the Identification and prevention of dietary- and lifestyle-induced health effects in children and infants

(IDEFICS) sample [125]

PSerious risk of bias. Study participants were selected by “judgment sample”; questionable validity and reliability of subjective and objective exposure measures,

and of quantitative ultrasound for measurement of bone stiffness in children [125]

Serious imprecision. It was not possible to estimate the precision of the findings since the study did not provide a measure of variability in the results
%The quality of evidence from the cross-sectional study was downgraded from “low” to “very low” because of: (1) a serious risk of bias that diminished the level of

confidence in the observed effects, and (2) serious imprecision

in BMI and % change in waist-to-height ratio in 1/1
studies [33], fat mass in 1/1 studies [82], and weight sta-
tus in 2/2 studies [81, 83] (Additional file 2: Table S1).
TV time at age ~3 years was not associated with the rate
of weight gain from ages 3 to 5 years [86]. TV time at
age 2.4 years was not associated with waist circumfer-
ence at age 10.15 years, but the change in TV time from
ages 2.4 to 4.4 years was unfavourably associated with
waist circumference at age 10.15 years [89]. TV time at
age 3.2 years was unfavourably associated with fat mass
at age 15 years.

Regarding other sedentary behaviours, types of sitting
were examined in three longitudinal studies. Among
preschoolers, time in the car was not prospectively asso-
ciated with adiposity indicators in 2/2 studies [82, 85];
however, among infants there were mixed unfavourable,
null, and favourable associations between time in baby
seats and adiposity indicators [45]. Specifically, time in
baby seats at age ~9 months was unfavourably associ-
ated with a change in weight-for-height and change in
weight-for-age from ~9 months to 2 years, was not asso-
ciated with weight-for-height or weight-for-age at age
~2 years, and was favourably associated with waist
circumference-for-age at age ~2 years and change in
waist circumference-for-age from ~9 months to 2 years
[45] (Additional file 2: Table S1).

In the two case-control studies, TV time [35, 36] and
total sedentary time (assessed by one-day parent-recall)
[36] were not significantly different between pre-
schoolers with overweight/obese (case group) or normal-
weight (control group) status, but watching TV for >1 h/
day was unfavourably associated with having overweight
status [35] (Additional file 2: Table S1).

Among the 47 cross-sectional studies, sedentary
behaviour was assessed as accelerometer-derived seden-
tary time, screen-based (i.e., computer time, time playing
inactive video games, using the internet, watching
DVDs/videos, TV time, and total screen time), or other
sedentary behaviours (i.e., sedentary quiet play, and time
in the car or in baby seats).

The relationships between accelerometer-derived seden-
tary time and adiposity indicators in toddlers and pre-
schoolers were examined in 11 cross-sectional studies; null
associations were reported in 10/11 studies [37-40, 47, 53,
60, 75, 78, 80] and mixed unfavourable and null associa-
tions in 1/11 studies [77] (Additional file 2: Table S1).
Specifically, total sedentary time was not associated with: %
body fat, fat mass index, trunk fat mass index, or lean mass
index in 1/1 studies [78]; BMI in 1/1 studies [75]; BMI z-
score in 4/4 studies [37-39, 47]; and weight status in 4/4
studies [40, 53, 60, 80] (Additional file 2: Table S1). Total
sedentary time was not associated with BMI z-score

Table 6 The relationship between sedentary behaviour and cardiometabolic health

No. of participants Design Quality assessment Absolute effect Quality

(No. of studies) Risk of bias Inconsistency  Indirectness  Imprecision

The mean age was 3.1 years. Data were collected cross-sectionally. Cardiometabolic health was assessed using an objective measure of blood pressure.

276 (1) Cross-sectional®  Serious risk of bias® No serious No serious ~ No serious  Screen-based sedentary behaviours: Very low®
inconsistency indirectness imprecision Watching TV for > 2 h/day was not associated with

high blood pressure (compared to <2 h/day,
Prevalence Ratio=0.9, 95% Cl: 0.5, 14, p =0.568) [126].

“Includes 1 cross-sectional study [126]

PSerious risk of bias. Unknown reliability and validity of the exposure measure [126]
“The quality of evidence from the cross-sectional study was downgraded from “low” to

confidence in the observed effects

“very low” because of a serious risk of bias that diminished the level of
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Table 7 The relationship between sedentary behaviour and fitness

No. of participants Design Absolute effect

(No. of studies)

Quiality assessment
Risk of bias

Quiality

Inconsistency  Indirectness  Imprecision

The mean age at exposure measurement ranged from ~29 to 53 months (~2.4 to 4.4 yr). Data were collected longitudinally up to 8 years of follow-up. Fitness was
assessed as: lower body explosive strength (standing long jump) and fitness level (parent-report level relative to other children).

1314 (2) Longitudinal®  Serious risk of No serious Serious No serious ~ Screen-based sedentary behaviours: Very low®
bias® inconsistency  indirectness® imprecision Higher TV time (hr/day) at age ~29 mo
was unfavourably associated with standing
long-jump performance (cm) at age 97.8 mo
(B=-0.361; 95% Cl: =0.576, =0.145; p < 0.001) [89]
and physical fitness level (scale from =2 to 2) in Grade 4
(=-0.09, SE=0.0004; B=-0.01, 95% Cl: —0.002, —0.02;
p < 0.01) [90].
A greater increase in TV time (hr/week) between age ~29
and ~53 months was unfavourably associated with standing
long-jump performance (cm) at age 97.8 months (B = —0.285;
95% Cl: —=0.436,-0.134; p < 0.01) [89] and physical fitness level
(scale from =2 to 2, relative to other children) in Grade 4
(B=-0.10, SE=0.0003, p < 0.01) [90].

?Includes 2 longitudinal studies [89, 90] from 1 unique sample (QLSCD)

BSerious risk of bias. Questionable reliability and validity of the exposure [89, 90] and outcome [90] measures; large unexplained loss to follow-up and unclear if
included participants differed from missing participants [89]; controlled for physical activity [89, 90]

Serious indirectness. Differences between outcomes of included studies and those of interest; only one study reported a measure of lower-body musculoskeletal
fitness (lower-body strength assessed by standing long-jump performance) [89], and one study reported an indirect measure of physical fitness [90]. No studies
reported direct measures of total body musculoskeletal or cardiovascular fitness

%The quality of evidence from the longitudinal studies was downgraded from “low” to “very low” because of: 1) a serious risk of bias that diminished the level of

confidence in the observed effects, and 2) indirectness of the comparisons being assessed

percentile or waist circumference, but was associated with
waist circumference percentile in girls (not boys) in 1/1
studies [77]. Accelerometer-derived sedentary time in 30-
min bouts was not associated with weight status [40].

For screen-based sedentary behaviours, time playing
inactive video games was unfavourably associated with
preschoolers’” BMI percentile, but using the internet and
watching DVDs/videos were not cross-sectionally associ-
ated with BMI percentile [69] (Additional file 2: Table S1).
Computer time was not associated with preschoolers’
weight status in 4/4 studies [63, 67, 71, 79], but was
unfavourably associated with sum of skinfold thicknesses
in 1/1 studies [71].

The relationships between total screen time and adi-
posity indicators were examined in 18 cross-sectional
studies; unfavourable associations were reported in 6/18
studies [32, 33, 46, 50, 59, 73], null associations in 10/18
studies [44, 52, 57, 58, 62, 64, 65, 71, 72, 79], and mixed
unfavourable and null associations in 2/18 studies [41,
61] (Additional file 2: Table S1). Of these, screen time
was unfavourably associated with: sum of skinfold thick-
nesses in 0/1 studies, waist-to-height ratio in 1/1 studies
[33], BMI in 2/2 studies [46, 50], and at least one meas-
ure of weight status in 6/16 studies [32, 33, 41, 59, 61,
73]. Only one of these studies was in infants (no associ-
ation between screen time and weight status [58]); the
rest were in toddlers and preschoolers.

The relationships between TV time and adiposity indi-
cators in toddlers and preschoolers were examined in 23
cross-sectional studies; unfavourable associations were
reported in 5/23 studies [33, 55, 66, 67, 71], null associa-
tions in 11/23 studies [31, 42, 43, 49, 50, 56, 60, 63, 69,
75, 76], mixed unfavourable and null associations in 5/

23 studies [48, 51, 54, 68, 79], mixed null and favourable
associations in 1/23 studies [74], and mixed unfavour-
able, null, and favourable associations in 1/23 studies
[70] (Additional file 2: Table S1). Of these, TV time was
unfavourably associated with: waist-to-hip ratio in 0/1
studies, waist-to-height ratio in 1/1 studies [33], triceps
skinfold thickness in 0/1 studies, waist circumference in
0/2 studies, sum of skinfolds in 1/3 studies [71], BMI
percentile in 0/1 studies, BMI in 2/11 studies [51, 54],
and at least one measure of weight status in 9/13 studies
[33, 48, 55, 6668, 70, 71, 79]. Weekday (but not week-
end) TV time was favourably associated with the ratio of
triceps to subscapular skinfold thickness (representing
limb-to-trunk adiposity ratio) in girls but not boys in 1/1
studies [74]. TV time was favourably associated with
BMI z-score in boys but not girls in 1/1 studies [70]
(Additional file 2: Table S1).

Regarding other sedentary behaviours, infants’ time in
baby seats was not cross-sectionally associated with
weight-for-height/age or waist circumference-for-age
[45]. Among preschoolers, time using books [69] was
not associated with BMI percentile [69]. Sedentary quiet
play (defined as “e.g., looking into books, playing with
blocks, playing with dolls, drawing, construction”) on
weekdays or weekend days was not associated with
weight status in boys [79]. In girls, sedentary quiet play
on weekend days (but not weekdays) was unfavourably
associated with weight status [79].

Motor development

The relationships between sedentary behaviour and motor
development were examined in seven studies (see Table 2
and Additional file 2: Table S2) [37, 40, 88, 91-94]. Study
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Table 8 High-level summary of findings by health indicator

Health indicator Number of studies Quiality of evidence Summary of findings: Number of studies reporting unfavourable/null/favourable
associations with at least one health indicator measure by SB type®

Critical
Adiposity 60 Very low to moderate Objectively measured sedentary time:
Sedentary time in 30-min bouts (accelerometer-derived): null (1)

Total sedentary time (accelerometer-derived): unfavourable (1), null (12)

Screen-based sedentary behaviours:

Computer (duration, frequency): unfavourable (1), null (6)
Internet (duration): null (1)

Total screen time (duration): unfavourable (9), null (14)

TV time (duration): unfavourable (20), null (24), favourable (2)
Video games (duration): unfavourable (1)

Other screens (DVDs/videos; duration): unfavourable (1), null (1)

Other sedentary behaviours:
Reading (duration): null (1)

Sitting (baby seats, car, sedentary quiet play; duration): unfavourable (2),
null (4), favourable (1)

Motor development 7 Very low Objectively measured sedentary time:
Sedentary time in 30-min bouts (accelerometer-derived): null (1)

Total sedentary time (accelerometer-derived): unfavourable (1), null (2)

Screen-based sedentary behaviours:

TV time (duration): unfavourable (2), null (3)

Other sedentary behaviours:

Sitting (baby carrier/sling, car seat, high chair/other chair, playpen, stroller;
duration): null (1), favourable (1)

Supine position (duration): unfavourable (1), null (1)

Psychosocial health 15 Very low to moderate Objectively measured sedentary time:

Total sedentary time (accelerometer-derived): null (1)

Screen-based sedentary behaviours:
Computer (duration): unfavourable (1), null (1)
Total screen time (duration): unfavourable (1)

TV time (duration): unfavourable (9), null (11), favourable (2)

Cognitive development 25 Very low Objectively measured sedentary time:

Total sedentary time (accelerometer-derived): null (1)

Screen-based sedentary behaviours:

Computer (yes, no): null (1)

Mobile phone use (yes, no): unfavourable (1)

Total screen time (duration): unfavourable (1)

TV time (duration): unfavourable (11), null (10), favourable (1)
Video games (duration): null (1)

Other screens (total or electronic media exposure; duration):
unfavourable (2), null (1)
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Table 8 High-level summary of findings by health indicator (Continued)

Health indicator Number of studies Quiality of evidence

Summary of findings: Number of studies reporting unfavourable/null/favourable
associations with at least one health indicator measure by SB type®

Important
Bone and skeletal health 1 Very low
Cardiometabolic health 1 Very low
Fitness 2 Very low
Risks / harms 0 N/A

Other sedentary behaviours:
Reading (duration, frequency): null (2), favourable (3)

Storytelling with parents (frequency): null (2), favourable (2)

Screen-based sedentary behaviours:

Screen time (duration): null (1)

Objectively measured sedentary time:

Total sedentary time (accelerometer-derived): null (1)

Screen-based sedentary behaviours:

TV time (duration): null (1)

Screen-based sedentary behaviours:
TV time (duration): unfavourable (2)

N/A

“Note that the number of studies reporting unfavourable/null/favourable associations does not sum to the total number of studies for a given indicator since

some studies reported mixed associations. N/A: not applicable

designs were: longitudinal (n=3) [88, 91, 92], and cross-
sectional (n=4) [37, 40, 93, 94]. Indicators of motor
development were measured objectively (e.g., visual-motor
abilities measured using the Wide-Range Assessment of
Visual Motor Ability) or assessed subjectively by parent-
report (e.g., age at first sitting; see Table 2 for summary of
measures). The quality of evidence was “very low” across
study designs (Table 2).

Among the three longitudinal studies, sedentary
behaviour was assessed from age 3.9 months to 2.4 years as
screen-based (i.e., TV time) or other sedentary behaviours
(ie., time in a baby carrier/sling, car seat, high chair/other
chair, playpen, or stroller). Motor development indicators
were assessed after 1.3 to 3 years of follow-up. For screen-
based sedentary behaviours, TV time was not prospectively
associated with age at first sitting, crawling, or walking [91],
visual-motor abilities [88], or object control [92], but was
unfavourably associated with locomotion skills [92].

Regarding other sedentary behaviours, infants’ time in
a baby carrier/sling, stroller, high chair or other chair, or
playpen was not associated with age at first sitting,
crawling, or walking [91] (Additional file 2: Table S2).
Greater time in a car seat at age ~9 months was associ-
ated with earlier (i.e., favourable) age at first sitting and
age at first crawling, but was not associated with age at
first walking; time spent in a car seat at ages ~4 months
and 1.7 years was not associated with age at first sitting,
crawling, or walking [91].

In the 4 cross-sectional studies, sedentary behaviour
was assessed as accelerometer-derived sedentary time,
screen-based (i.e., TV time), or other sedentary behav-
iours (i.e., time in the supine position). The relationships
between accelerometer-derived sedentary time and

motor development were examined in two of the cross-
sectional studies. Total sedentary time was not associ-
ated with motor skills at age ~2 years [40] or ~3 to
4 years [37], or with object control skills at age ~3 to
4 years [37], but % sedentary time was unfavourably
associated with locomotor skills at age ~3 to 4 years
[37]. The number of 30-min bouts of sedentary behav-
iour was not associated with motor skills [40].

For screen-based sedentary behaviours, TV time was
unfavourably associated with motor skill development;
children with delayed motor skill development spent
more time watching TV compared to children with typ-
ical motor skill development, and children who were fre-
quently exposed to TV (>0 h/day for children <2 years
and >2 h/day for children >2 years) were more likely to
have delayed motor skill development than those who
were infrequently exposed [94].

For other sedentary behaviours, time in the supine
position before 6 months of age was not associated with
gross motor performance, but time in the supine pos-
ition after age 6 months was unfavourably associated
with gross motor performance [93].

Psychosocial health

The relationships between sedentary behaviour and psy-
chosocial health in toddlers and preschoolers were
examined in 15 studies (no studies in infants; see Table 3
and Additional file 2: Table S3) [34, 90, 92, 95-106].
Study designs were: randomized controlled trial (n=1)
[34], longitudinal (n=9) [90, 92, 95-97, 99, 100, 102,
103], and cross-sectional design or additionally reported
cross-sectional findings (n=7) [98, 100, 101, 103-106].
Indicators of psychosocial health (e.g., aggression,
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symptoms of anxiety and depression) were assessed sub-
jectively by parent-, teacher-, or self-report using ques-
tionnaires (see Table 3 for summary of measures). The
quality of evidence ranged from “very low” to “moderate”
across study designs (Table 3).

In the randomized controlled trial of an intervention
to reduce screen time, preschoolers’ screen time was sig-
nificantly lower in the intervention versus control group
at 2, 6, and 9 months post-intervention [34]. Aggressive
and delinquent behaviours were not significantly differ-
ent between the intervention and control groups at base-
line, but were significantly lower in the intervention
versus control group at 9-months post-intervention [34]
(Additional file 2: Table S3).

Among the nine longitudinal studies, screen-based
sedentary behaviour (i.e., time e-gaming or on a com-
puter, or TV time) was assessed from age ~1.5 to 5 years.
Psychosocial health indicators were assessed after ~1 to
9.5 years of follow-up.

Time spent e-gaming or on a computer (on weekdays
or weekend days) at age 4.3 years was not associated
with being at risk for the following at age 6.3 years: peer
problems, self-esteem problems, social well-being prob-
lems, social functioning problems, or family functioning
problems [96]. Time spent e-gaming or on a computer
on weekdays (but not weekend days) at age 4.3 years
was unfavourably associated with being at risk for emo-
tional problems at age 6.3 years in girls but not boys
[96] (Additional file 2: Table S3).

The relationships between TV time among toddlers/
preschoolers and psychosocial health indicators at
follow-up were examined in nine longitudinal studies;
unfavourable associations were reported in 2/9 studies
[95, 103], null associations in 1/9 studies [100], mixed
unfavourable and null associations in 5/9 studies [90, 92,
96, 97, 99], and mixed null and favourable associations
in 1/9 studies [102] (Additional file 2: Table S3). Specif-
ically, TV time was prospectively unfavourably associ-
ated with the following psychosocial health indicators:
victimization [90, 95], victimization by classmates [92],
being a victim of bullying [97], being a bully [103], exter-
nalizing problems [99], and being at risk for family func-
tioning problems [96] (Additional file 2: Table S3). Null
associations were reported between TV time and emo-
tional symptoms [100]; conduct problems [100]; peer-
problems [100]; prosocial behaviour [92, 100];
externalizing problems [99, 102]; anxiety or depressive
symptoms [92, 102]; physical aggression [100] or aggres-
sive behaviour [102]; being a bully, being a victim of bully-
ing, or being a bully-victim [97]; being at risk for
emotional problems, peer problems, self-esteem problems,
emotional well-being problems, or social functioning
problems [96]; and co-operation, self-control, assertion,
responsibility, or total social skills [102]. TV time at age
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~2.5 years was favourably associated with emotional
reactivity scores after ~3 years of follow-up [102].

In the 7 cross-sectional studies, sedentary behaviour
was assessed as accelerometer-derived total sedentary
time or screen-based (i.e., TV time) sedentary behaviour.
Total sedentary time (accelerometer-derived) was not
cross-sectionally associated with preschoolers’ psycho-
social health indicators (soothability, sociability, or emo-
tionality) [104].

The relationships between TV time and psychosocial
health indicators in toddlers and preschoolers were
examined in six cross-sectional studies; unfavourable as-
sociations were reported in 2/6 studies [101, 103], null
associations in 2/6 studies [100, 106], mixed unfavour-
able and null associations in 1/6 studies [105], and
mixed unfavourable and favourable associations in 1/6
studies [98]. Specifically, TV time was unfavourably
associated with aggression [101], bullying [103], total
externalizing behaviour problems [105], and total be-
haviour problems [105]. Null associations were re-
ported between TV time and emotional symptoms,
conduct problems, peer problems, and prosocial be-
haviour [100], aggression toward a sibling [106], and
internalizing behaviour problems [105]. TV time was
favourably associated with social-emotional compe-
tence in one study [98].

Cognitive development

The relationships between sedentary behaviour and
cognitive development were examined in 25 studies (see
Table 4 and Additional file 2: Table S4) [88, 90, 92, 94,
100, 102, 104, 107-124]. Study designs were: longitu-
dinal (n=11) [88, 90, 92, 100, 102, 112, 113, 119-122],
case-control (n=1) [116], and cross-sectional design or
additionally reported cross-sectional findings (n=16)
[90, 94, 100, 104, 107-111, 114, 115, 117, 118, 121, 123,
124]. Indicators of cognitive development were mea-
sured objectively (e.g, working memory capacity
measured using the Memory for Digit Span test) or
assessed subjectively by parent-report interview or ques-
tionnaire (e.g., receptive vocabulary; see Table 4 for
summary of measures). The quality of evidence was
“very low” across study designs (Table 4).

Among the 11 longitudinal studies, sedentary behav-
iour was assessed from age ~6 months to 5 years as
screen-based (i.e., electronic media exposure and TV
time) or other sedentary behaviours (i.e., frequency of
parents reading). Cognitive development indicators were
assessed after ~8 months to 8 years of follow-up.

For screen-based sedentary behaviours, electronic
media exposure at age ~6 months was unfavourably
associated with the following at age 14 months: cognitive
development, language development, and auditory
comprehension [112]. The relationships between TV
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time and cognitive development indicators in toddlers
and preschoolers were examined in 10 longitudinal
studies; unfavourable associations were reported in 5/10
studies [90, 92, 100, 120, 121], null associations in 4/10
studies [88, 102, 113, 122], and mixed unfavourable, null,
and favourable associations in 1/10 studies [119]. Specif-
icallyy, TV time was prospectively unfavourably
associated with the following cognitive development
indicators: rate of change in language development
[121], receptive vocabulary and number knowledge [92],
classroom engagement [90, 92], mathematical achieve-
ment [90], attentional problems [120], and hyperactivity-
inattention [100] (Additional file 2: Table S4).

Regarding other sedentary behaviours, the frequency
of parents reading to their child from ages ~8 months to
4 years was favourably associated with both language
development at age 4 years and the rate of change in
language development between ages 5 to 7 years [121]
(Additional file 2: Table S4).

In the case-control study, toddlers with language delay
(cases) had significantly greater TV time than those with
normal language development (controls) [116]. Com-
pared with toddlers who viewed <2 h/day TV time, those
with >2 h/day TV time had increased odds of language
delay [116].

In the 16 cross-sectional studies, sedentary behaviour
was assessed as accelerometer-derived sedentary time,
screen-based (i.e., computer use, mobile phone use, time
playing inactive video games, TV time, total media expos-
ure, and total screen time), or other sedentary behaviours
(i.e., reading or storytelling with parents). Only one cross-
sectional study examined the association between
accelerometer-derived total sedentary time and cognitive
development indicators; total sedentary time was not asso-
ciated with attention span in preschoolers [104].

For screen-based sedentary behaviours, computer use
was not associated with the prevalence of speech disor-
ders, but mobile phone use (any versus none) was
unfavourably associated with speech disorders in tod-
dlers and preschoolers [109]. Time playing inactive video
games was not associated with hyperactivity or attention
problems in preschoolers [107]. Total screen time was
unfavourably associated with communication develop-
ment in toddlers [111], and total media exposure was
unfavourably associated with receptive language devel-
opment and expressive language development in infants
and toddlers aged ~6 months to 1.3 years, but not with
total language development in toddlers aged ~1.4 to
2.3 years [124].

The relationships between TV time and cognitive
development in toddlers and preschoolers were exam-
ined in nine cross-sectional studies; unfavourable associ-
ations were reported in 3/9 studies [94, 108, 123], null
associations in 5/9 studies [90, 100, 114, 115, 121], and

Page 82 of 215

mixed unfavourable and null associations in 1/9 studies
[118] (see Additional file 2: Table S4 for statistics). Spe-
cifically, TV time was unfavourably associated with lan-
guage development or capacity in 2/5 studies [94, 108]
(Additional file 2: Table S4). TV time was unfavourably
associated with delayed executive function [123] and
cognitive development [94], but was not associated with
cognitive ability [90] (Additional file 2: Table S4). TV
time was not associated with hyperactivity-inattention in
toddlers [100], and was unfavourably associated with
teacher-reported, but not parent-reported, attention-
deficit/hyperactivity disorder (ADHD) symptoms in pre-
schoolers [118] (Additional file 2: Table S4).

Regarding other sedentary behaviours, the relation-
ships between reading with parents and cognitive devel-
opment indicators in infants, toddlers, and preschoolers
were examined in three cross-sectional studies [110, 117,
124], two of which analyzed the same dataset in different
ways [117, 124]; reading with parents was favourably
associated with language development percentile in both
infants and toddlers [117], but was not associated with
absolute language development in toddlers (not analyzed
in infants) [124]. Reading with parents was favourably
associated with absolute receptive language develop-
ment, but not expressive language development, in in-
fants [124]. In the third study, reading with parents was
not associated with executive function in preschoolers
[110]. Storytelling with parents was favourably associated
with language development percentile in infants [117].
In toddlers, storytelling was favourably associated with
absolute language development [124], but not language
development percentile [117]. Storytelling with parents
was favourably associated with absolute receptive lan-
guage development, but not expressive language devel-
opment, in infants [124] (Additional file 2: Table S4).

Important (secondary) health indicators

Bone and skeletal health

The relationship between sedentary behaviour and bone
and skeletal health in preschoolers was examined in one
cross-sectional study (see Table 5 and Additional file 2:
Table S5) [125]. The quality of evidence was rated as
“very low”. As summarized in Table 5, parent-reported
screen time and accelerometer-derived total sedentary
time were not associated with bone stiffness index in
preschool children [125]. No other indices of bone and
skeletal health were examined.

Cardiometabolic health

The relationship between sedentary behaviour and car-
diometabolic health in preschoolers was examined in
one cross-sectional study (see Table 6 and Add-
itional file 2: Table S6) [126]. The quality of evidence
was rated as “very low”. Watching TV for >2 h/day was
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not associated with high blood pressure in preschool
children [126]. No other cardiometabolic biomarkers
were examined.

Fitness

The relationship between sedentary behaviour and fit-
ness in toddlers and preschoolers was examined in two
longitudinal studies (no studies in infants; see Table 7
and Additional file 2: Table S7) [89, 90]. The quality of
evidence was rated as “very low”.

As summarized in Table 7, greater TV time at age
~2.4 years was unfavourably associated with standing
long-jump performance at age ~8.2 years [89] and phys-
ical fitness level (assessed as “relative to other children”
via parent-report) in Grade 4 (age ~10 years) [90]. A
greater increase in TV time between age ~2.4 and
~4.4 years was unfavourably associated with standing
long-jump performance at age 8.2 years [89] and phys-
ical fitness level in Grade 4 [90].

Risks/harm
No studies examined harms associated with sedentary
behaviour.

Discussion

The objective of this study was to perform a systematic
review that examined the relationships between seden-
tary behaviours and health indicators in children 0 to
4 vyears, and to determine what doses of sedentary
behaviours (i.e., duration, patterns [frequency, interrup-
tions], and type) were associated with health indicators.
The main findings are the following: 1) associations
between objectively measured total sedentary time and
health indicators (adiposity and motor development)
were predominantly null; 2) associations between
screen-based sedentary behaviours and health indicators
(adiposity, motor or cognitive development, and psycho-
social health) were largely unfavourable or null; 3) asso-
ciations between reading or storytelling and cognitive
development were favourable or null; and 4) associations
between time spent seated (e.g., in baby seats, car seats,
high chairs or strollers) or in the supine position and
health indicators (adiposity, motor development) were
primarily unfavourable or null. Few studies examined
indicators of bone and skeletal health, cardiometabolic
health, or fitness, and no studies reported on risks or
harms (e.g., torticollis, injuries) associated with sedentary
behaviours. These findings suggest that, in the early
years, total sedentary time may have a negligible impact
on health, but the way that time is spent is important,
with screen-based and seated/supine sedentary behav-
iours likely to have unfavourable or null health effects
(unlikely to have favourable effects), and interactive non-
screen-based activities such as reading and storytelling

Page 83 of 215

likely to have favourable health effects. A summary of
the findings is presented in Table 8.

The finding that there are no associations between
objectively measured total sedentary time and health
indicators in the early years (0 to 4 years) is in contrast
to the relationships in older age groups, in particular
adults [4, 127]. While this suggests that in the early years
a certain amount of sedentary behaviour may be innocu-
ous and perhaps even necessary for healthy growth and
development, these findings should be interpreted with
caution. First, objectively measured total sedentary time
was examined only in cross-sectional studies, and a
plausible explanation for the perceived lack of associ-
ation between total sedentary time and health indicators
is that there had simply been insufficient time for those
effects to manifest, rather than there being no effect.
This hypothesis is supported by comparison of findings
from longitudinal and cross-sectional studies for subsets
of total sedentary behaviour. For instance, 9/10 (90%)
longitudinal studies reported at least one unfavourable
association between TV time and adiposity indicators,
compared to only 11/22 (50%) cross-sectional studies.
However, total sedentary time was examined only in re-
lation to adiposity and motor development (and in
one study each for indicators of psychosocial health,
cognitive development, and bone and skeletal health);
it remains possible that total sedentary time is associ-
ated with other health indicators, particularly those
likely to be acutely affected in the early years, such as
cognitive development. More well-designed studies
with objective measures of sedentary behaviour are
needed.

Second, in the present review, studies that utilized
accelerometry measures applied a range of sampling
intervals (epochs) and cut-points. Given that these meas-
urement parameters influence the amount of sedentary
behaviour captured [128, 129], individual studies may
have under- or overestimated the total amount of seden-
tary time and may therefore have resulted in an under-
estimation or overestimation of true effects. However,
Byun et al. applied three different accelerometry cut-
points in two cross-sectional datasets to test whether
this would influence the findings, and found no associ-
ation between total sedentary time and BMI z-score,
regardless of the cut-points used [38]. Nonetheless, the
most appropriate way to objectively measure sedentary
behaviour in the early years is still unknown and remains
an important area for future work.

Lastly, total sedentary time was not objectively
assessed in any studies in the infant age group; however,
such measures may not be meaningful in non-
ambulatory infants. Although the associations between
total sedentary time and health indicators were primarily
null, the present data do not allow for recommendations
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regarding “appropriate” amounts or patterning (e.g.,
breaks) of total sedentary time.

Regarding screen-based sedentary behaviours, the
present findings support and extend those of the earlier
systematic review [2]; overall, screen time (namely TV
time) was unfavourably associated with a range of health
indicators. Notably, TV time was the predominant meas-
ure of screen-based behaviour, followed by total screen
time, with only eight studies reporting relationships
between computer use and any health indicator; two
studies for each of DVDs/videos, electronic/total media
exposure, and inactive video games; and one study for
mobile phone and internet use. Findings for these other
screen exposures were mixed (unfavourable or null), and
suggest no benefits and some potential for harm.
Although it seems intuitive that different types of
screens may exert different effects (e.g., interacting on
video-chat versus passive screen use), research on chil-
dren’s use of such technologies lags behind their adop-
tion [130]; this is a substantial research gap. Importantly,
screen-based behaviours are used as a proxy for seden-
tary behaviour; however, it is uncertain whether children
in this age group are actually sedentary while using
screens, and there may be screen-related health effects
that are independent of the “lack of movement” [131,
132]. Notwithstanding these limitations, the present
findings indicate that less screen-based sedentary behav-
iour is better for optimal health in the early years of life.

Other sedentary behaviour exposures were less fre-
quently examined, and findings were mixed. In general,
reading [110, 117, 121, 124] and storytelling [117, 124]
were favourably associated with cognitive development,
while various types of time spent seated (e.g., in a car
seat, high chair, or stroller) had mixed unfavourable and
null associations with indicators of adiposity and motor
development [45, 81, 82, 91]. An age-dependent effect
was observed in the only study that assessed time in the
supine position; time spent supine before 6 months of
age was not associated with gross motor performance,
but greater time in the supine position after age
6 months was associated with worse gross motor per-
formance [93]. Overall, there was a paucity of data
regarding the relationships between other types of sed-
entary behaviours and health indicators. Research shows
that children are spending ~7 h of the day in sedentary
pursuits [15], and ~2 h of these are occupied by screen
time [15]; this leaves an additional 5 h that are
unaccounted for. Other types of sedentary behaviours
are thus highly understudied, and this is an important
research gap.

Most studies examined the duration of sedentary
behaviours in relation to health indicators, with only
three studies specifically examining the impact of pat-
terns of behaviour (i.e., breaks, frequency). Specifically,
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there was no association between accelerometer-derived
sedentary time in 30-min bouts and indicators of adipos-
ity and motor development [40], or between the fre-
quency of playing computer games and adiposity
indicators [82], but there were favourable associations
between the frequency of parents reading or storytelling
and child cognitive development [121]. These findings
are consistent with those of studies that examined sed-
entary behaviour duration; however, it remains difficult
to draw conclusions regarding patterns of sedentary
behaviour for optimal health in the early years.

Strengths, limitations, and future directions

Strengths of this review include the use of a comprehen-
sive search strategy that was developed and peer-
reviewed by librarians with expertise in systematic
reviews, as well as inclusion of all study designs and a
broad range of health indicators that represent various
dimensions of health. Rigorous methodological stan-
dards were used in this review, including application of
the GRADE framework to guide the review process and
assess the quality of the evidence [27]. To our know-
ledge, this systematic review is the first to synthesize the
evidence regarding the relationships between objectively
and subjectively measured sedentary behaviour across
the most comprehensive range of health indicators in
children in the early years of life.

In terms of limitations, sample size restrictions were
imposed for feasibility reasons and to maximize
generalizability, but it is possible that studies with
smaller sample sizes might have provided additional
insight. Further, because of heterogeneity in the meas-
urement of sedentary behaviour and health indicators,
meta-analyses were not possible and all studies were
weighted equally in the narrative synthesis. The direc-
tion of associations (i.e., unfavourable, null, favourable)
was based on statistical significance; clinical significance
was not considered.

Although an abundance of evidence was synthesized
in this review, several limitations of this area of research
were identified that remain to be addressed. As men-
tioned, data were limited regarding the relationships
between sedentary behaviour and four relevant health
indicators (two or fewer studies for each of bone and
skeletal health, cardiometabolic health, fitness, and risks/
harms); TV time was the primary sedentary exposure,
with few studies examining “other” types of screens (e.g.,
tablets, mobile phones) or sedentary behaviours (e.g.,
reading, puzzles); and objective measures of total seden-
tary time were employed only in cross-sectional studies.
Although adiposity was the most commonly measured
health indicator (60 studies), direct measures of adipos-
ity were used in only two studies [78, 82] while the
remainder used surrogate measures such as BMI. Only
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one randomized controlled study was included in the
present review, and the quality of the evidence ranged
from “very low” to “moderate” across the study designs
and health indicators. There is a need for high-quality
studies with strong designs to better establish the magni-
tude of effects and the nature of dose-response gradients
(if applicable), to assess cause-and-effect relationships,
and to examine potential subgroup differences (e.g.,
based on age, sex, or socio-economic status). When
RCTs are not possible because of the inherent challenges
of research in this age group, quasi-experimental or lon-
gitudinal designs that use validated sedentary behaviour
measures and outcome measures that are sensitive
enough to detect changes are recommended.

Across the health indicators, the most common reason
for downgrading the quality of evidence was the serious risk
of bias associated with sedentary behaviour measures with
no known psychometric properties. Consequently, develop-
ment and use of reliable and valid subjective measures of
sedentary behaviour are needed. Defining and measuring
sedentary behaviour in young children, particularly in non-
ambulatory infants, remains a challenge. For instance,
infants in the supine position may be vigorously moving
arms and legs, and thus being “active”, but existing
questionnaire-based measures do not capture this. Future
research using inclinometers, which can more accurately
capture postures [133], as well as limb-worn devices, will
help to address the challenges associated with quantifying
sedentary behaviours in the early years. Finally, the question
of whether different types of sedentary behaviour “content”
(e.g., educational versus recreational TV programming)
exert different health effects was beyond the scope of this
review, and remains an important area for future work.

Conclusions

This systematic review synthesized findings from 96 studies
with ~200,000 participants in 33 countries around the
world; the quality of the evidence ranged from “very low”
to “moderate”. In summary, the findings demonstrate that
in the early years (0 to 4 years), total sedentary time may
have a negligible impact on health, but the quality of that
time is important, with screen-based and seated/supine
sedentary behaviours likely to have no benefit and a poten-
tial for harm, and interactive non-screen-based activities
such as reading with caregivers having favourable health
effects. These findings continue to support the importance
of minimizing screen time for disease prevention and
health promotion in the early years [2, 9], and also highlight
the potential benefits of interactive non-screen-based sed-
entary behaviours such as reading and storytelling. There is
a need for additional research using valid and reliable mea-
sures and high-quality study designs, to more definitively
establish the relationships between sedentary behaviours
and health indicators, and to provide insight into the
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appropriate dose (durations, patterns, type) of sedentary be-
haviour for optimal health in the early years.
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