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Objectives: To examine whether meeting vs not meeting movement/non-movement

guidelines (moderate-to-vigorous physical activity [MVPA], screen time, sleep duration),

and combinations of these recommendations, are associated with health-related quality of

life (HRQoL) in children from 12 countries in five major geographic regions of the world and

explore whether the associations vary by study site.

Study design: Observational, multinational cross-sectional study.

Methods: This study included 6106 children aged 9e11 years from sites in Australia, Brazil,

Canada, China, Colombia, Finland, India, Kenya, Portugal, South Africa, the United

Kingdom, and the United States. Participants completed the KIDSCREEN-10 to provide a

global measure of their HRQoL. Sleep duration and MVPA were assessed using 24-h

accelerometry. Screen time was assessed through self-report. Meeting the recommenda-

tions was defined as �60 min/day for MVPA, �2 h/day for screen time, and between 9 and

11 h/night for sleep duration. Age, sex, highest parental education, unhealthy diet pattern

score, and body mass index z-score were included as covariates in statistical models.
ity of life; MVPA, moderate-to-vigorous physical activity.

sity, Lifestyle and the Environment (ISCOLE) was registered at ClinicalTrials.gov (Identifier

g and Obesity Research Group, Children's Hospital of Eastern Ontario Research Institute, 401
ada. Tel.: þ1 613 737 7600x3683; fax: þ1 613 738 4800.
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Results: In the full sample, children meeting the screen time recommendation, the screen

time þ sleep recommendation, and all three recommendations had significantly better

HRQoL than children not meeting any of these guidelines. Differences in HRQoL scores

between sites were also found within combinations of movement/non-movement behav-

iors. For example, while children in Australia, Canada, and USA self-reported better HRQoL

when meeting all three recommendations, children in Kenya and Portugal reported

significantly lower HRQoL when meeting all three recommendations (relative to not

meeting any).

Conclusions: Self-reported HRQoL is generally higher when children meet established

movement/non-movement recommendations. However, differences between study sites

also suggest that interventions aimed at improving lifestyle behaviors and HRQoL should

be locally and culturally adapted.

© 2017 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

Health-related quality of life (HRQoL) is an important and

multi-dimensional indicator of children's physical, mental,

emotional, and social functioning.1,2 Self-reported HRQoL has

typically been studied in children with chronic diseases or

specific health conditions.3 More recently, scientists have

started to examine the associations between HRQoL and life-

style behaviors. For example, HRQoL has been associated with

higher physical activity level, lower screen time, healthier

sleep patterns, and healthier eating behaviors in children.4e7

However, research to date has largely investigated relation-

ships between movement/non-movement behaviors

(including physical activity, sedentary behavior, and sleep)

and health outcomes individually and in isolation from each

other, ignoring the intrinsic and empirical interactions be-

tween these behaviors.8,9 As reported in a recent systematic

review aimed at determining how combinations of physical

activity, sedentary behavior, and sleep are associated with

various health outcomes in children and youth, no study to

date has examined the combinations of these behaviors as

they relate to psycho-social outcomes, including HRQoL.10 A

better understanding of the associations between various

combinations of movement/non-movement behaviors and

HRQoL is important to help determine the best cocktail of

these behaviors for optimal HRQoL in children and for

informing policy development. It is also important to move

beyond the quantification of the health impacts ofmovement/

non-movement behaviors on physical health (and especially

body composition as recently reviewed)10 and also assess

psycho-social dimensions such as HRQoL in order to provide a

better assessment of their influence on overall health.

The 24-h movement guidelines recently developed in

Canada11 represent a paradigm shift in thinking about

movement behaviors from a focus on a single movement

behavior (e.g. MVPA alone) to an integrated movement

behavior approach. They include specific recommendations

for the day, including moderate-to-vigorous physical activity

(MVPA; �60 min/day), recreational screen time (no more than

2 h/day), and adequate sleep duration (e.g. between 9 and 11 h/
night for children aged 5e13 years). How combinations of

these movement/non-movement behaviors are associated

with HRQoL is unknown as studies looking at combined ana-

lyses are non-existent. In addition, previous research on

children's HRQoL and movement/non-movement behaviors

has almost exclusively been conducted in high-income,

developed countries.4,12e15 It is generally accepted that there

are discrepancies in the way children from different cultures

rate their own health and well-being.16 The International

Study of Childhood Obesity, Lifestyle and the Environment

(ISCOLE) is uniquely positioned to address the present

research questions;17 it was a global collaboration among

scientists from low-, middle-, and high-income countries

representing a wide range of sociocultural variability.

The objective of this study was to examine HRQoL as it

relates to meeting vs not meeting movement/non-movement

recommendations (MVPA, screen time, sleep duration), and

combinations of these recommendations, across the 12

countries participating in ISCOLE and explore whether the

associations vary by study site.
Methods

Setting

ISCOLE is a multinational, cross-sectional study conducted in

12 countries from all major world regions. ISCOLE sites

included Australia, Brazil, Canada, China, Colombia, Finland,

India, Kenya, Portugal, South Africa, the United Kingdom, and

the United States. These countries have been selected because

they represent a wide range of economic development (low to

high income), human development index (0.509 in Kenya to

0.929 in Australia), and income inequality (Gini coefficient of

26.9 in Finland to 63.1 in South Africa). The design and

methods have been published in detail elsewhere.17 By design,

the samples were not intended to be nationally representa-

tive. Rather, the primary sampling frame was schools, which

were typically stratified by an indicator of socio-economic

status to maximize variability within sites. Children were

recruited from 256 schools in urban/suburban areas only. A
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standard protocol was used to collect data across all sites, and

all study personnel underwent rigorous training and certifi-

cation to ensure the quality of data.17 The Institutional Review

Board at the Pennington Biomedical Research Center in Baton

Rouge, USA (coordinating center) approved the overarching

ISCOLE protocol, and the institutional/ethical review boards at

each participating institution also approved the local protocol.

Written informed consent was obtained from parents/legal

guardians, and child's assent was obtained before participa-

tion in the study. Data collection occurred between September

2011 and December 2013.

Participants

The current sample comprised 9- to 11-year-old children from

the 12 ISCOLE study sites. Based on an a priori power calcula-

tion analysis,17 the objective was to enroll a sex-balanced

sample of at least 500 children per site. A total of 7372 chil-

dren participated in ISCOLE, of which 6106 remained in the

present analytic data set after excluding participants without

valid accelerometry (n ¼ 1214), information on screen time

(n ¼ 25), HRQoL (n ¼ 22) or body mass index (BMI) z-score

(n¼ 5). Participants excluded due tomissing data did not differ

in their descriptive characteristics (except for BMI z-scores,

which were significantly higher) compared with those

included in the current analysis.

Health-related quality of life

Participants completed the KIDSCREEN-10 to provide a global

measure of their HRQoL.18 The KIDSCREEN-10 is the validated

brief form of a Europe-wide measure developed using a

participatory approach across 13 countries, with and for

children aged 8e18 years.18 It comprises 10 questions related

to respondents' physical activity, energy and fitness, moods

and emotions, social and leisure participation, social and

family relationships, cognitive capacity, and school experi-

ence. Responses were recorded on a 5-point response scale

and reversed where necessary to ensure that higher scores

indicate better HRQoL. In countries where the KIDSCREEN-10

had not previously been used, the questions were systemati-

cally translated to the local language following procedures

outlined by Kidscreen.19 Items for each participant were

summed and used to calculate Rasch person-parameters,

which were subsequently transformed into T-values with a

mean of 50 and a standard deviation of approximately 10.18

Measurement of movement/non-movement behaviors

MVPA was objectively assessed using 24-h, waist-worn

accelerometry. An Actigraph GT3X þ accelerometer (Acti-

Graph LLC, Pensacola, FL, USA) was worn at the waist on an

elasticized belt at the rightmid-axillary line. Participants were

encouraged to wear the accelerometer 24 h per day (removing

only for water-related activities) for at least 7 days, including 2

weekend days. The mean daily wear time was 22.8 h in this

study. The minimal amount of monitored waking wear time

that was considered acceptable for inclusion in the sample

was at least four days with at least 10 h per day, including at

least one weekend day. Data were collected at a sampling rate
of 80 Hz, downloaded in 1-s epochs with the low frequency

extension filter using the ActiLife software version 5.6 or

higher (ActiGraph LLC, Pensacola, FL, USA), and later reinte-

grated to 15-s epochs for the assessment of MVPA. Nocturnal

sleep duration was estimated using 60-s epochs and using a

fully automated algorithm for 24-h waist-worn accelerome-

ters that was validated for ISCOLE.20 This new algorithm

produces more precise estimates of sleep duration than pre-

vious algorithms and captures total sleep time from sleep

onset to the end of sleep, including all epochs and wakeful-

ness after onset.20,21 To be eligible for this analysis, children

had to have at least three days of valid sleep (�160min/night),

including at least one weekend night (Friday or Saturday).

After exclusion of total sleep time and awake non-wear time

(any sequence of �20 consecutive minutes of zero activity

counts), MVPA was defined as �574 counts per 15 s.22 Child-

reported screen time was determined from a lifestyle ques-

tionnaire,17 and questions were obtained from the US Youth

Risk Behavior Surveillance System.23 Children were asked

how many hours they typically watched TV, and how many

hours they played video games and/or used the computer for

something that was not school work per weekday, and per

weekend day. Response options were 0, <1, 1, 2, 3, 4, and 5 or

more hours per day. A daily average score was computed by

recording ‘<1’ to ‘0.5’ and ‘5 or more hours’ to ‘5’, and

weighting the responses (2/7 for weekend; 5/7 for weekday).

Self-report methods of quantifying screen time have been

reported to have acceptable reliability and validity in chil-

dren.24,25 Meeting the recommendations was defined as

�60min/day for MVPA,�2 h/day for screen time, and between

9 and 11 h/night for sleep duration.11

Covariates

Age, sex, highest parental education, unhealthy diet pattern

score, and BMI z-score were included as covariates in statis-

tical models. Age was computed from birthdates and mea-

surement dates, and sex was recorded on a questionnaire.

Overall, data on household income of 594 participants (10%)

were missing, so education was used instead as a proxy for

socio-economic status. The highest level of parental educa-

tion was reported by the parent/guardian and three categories

were created to facilitate analysis across sites (did not com-

plete high school, completed high school or some college, and

bachelor's or postgraduate degree). Dietary patterns of chil-

dren were assessed using a 23-item food frequency ques-

tionnaire, and principal components analyses were carried

out using weekly portions as input variables.26,27 The ‘un-

healthy diet pattern’ was characterized by a high consump-

tion of fast foods, ice cream, fried food, french fries, potato

chips, cakes, and sugar-sweetened sodas and was included as

a covariate in this article. Body weight and height were

measured according to standardized procedures by trained

ISCOLE staff.17 BMI (kg$m�2) was calculated, and BMI z-scores

were computed according to the World Health Organization's
reference data.28 Biological maturity was also assessed in

ISCOLE using the maturity offset method. However, age and

weight are included in the maturity offset calculation,

creating collinearity issues, and therefore biological maturity

was not included as a covariate in our analyses.

http://dx.doi.org/10.1016/j.puhe.2017.07.010
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Statistical analysis

Statistical analyses were conducted using SAS version 9.4

and JMP version 12 (SAS Institute, Cary, NC, USA). Means and

standard deviations of descriptive characteristics were

computed by study site. Children's HRQoL was compared

between study sites according to the combination of

movement/non-movement behaviors using an analysis of

covariance with adjustment for age, sex, highest parental

education, unhealthy diet pattern score and BMI z-score. A

TukeyeKramer post-hoc test was then performed to contrast

mean differences in HRQoL between study sites in combi-

nations of movement/non-movement behaviors showing a

significant main effect. Multilevel linear mixed model anal-

ysis (PROC MIXED) was used to examine the differences in

HRQoL between children meeting vs not meeting the

different combinations of recommendations in the full study

sample. Study sites were considered to have fixed effects,

and schools nested within study sites were viewed as having

random effects. Denominator degrees of freedom for statis-

tical tests pertaining to fixed effects were calculated using

the Kenward and Roger approximation method.29 Age, sex,

highest parental education, unhealthy diet pattern score, and

BMI z-score were included as covariates. Differences in

HRQoL between children meeting vs not meeting the

movement/non-movement behavior recommendations (and

combinations of these recommendations) were also investi-

gated across study sites. The level of statistical significance

was set at P < 0.05.
Results

Descriptive characteristics of participants are shown in Table

1. Portugal was the site with the highest HRQoL T-score (53.0)

and Kenya had the lowest score (47.1). Mean MVPA time was
Table 1 e Descriptive characteristics of participants stratified b

Country (site) Participants
(n, % males)

Age (years) HRQoL (T

Australia (Adelaide) 447 (46.5) 10.8 (0.4) 49.8 (

Brazil (Sao Paulo) 469 (48.6) 10.5 (0.5) 47.2 (

Canada (Ottawa) 505 (40.8) 10.5 (0.4) 51.2 (

China (Tianjin) 463 (51.2) 9.9 (0.5) 51.2 (

Colombia (Bogot�a) 822 (49.0) 10.5 (0.6) 49.9 (

Finland (Helsinki,

Espoo and Vantaa)

460 (45.2) 10.5 (0.4) 52.6 (

India (Bangalore) 532 (45.3) 10.5 (0.5) 48.1 (

Kenya (Nairobi) 457 (45.3) 10.3 (0.7) 47.1 (

Portugal (Porto) 638 (42.9) 10.5 (0.3) 53.0 (

South Africa (Cape Town) 447 (38.7) 10.3 (0.7) 49.5 (

UK (Bath and North

East Somerset)

413 (43.6) 10.9 (0.5) 50.2 (

USA (Baton Rouge) 453 (41.1) 10.0 (0.6) 50.7 (

All sites 6106 (45.1) 10.4 (0.6) 50.1 (

Abbreviations: HRQoL, health-related quality of life; MVPA, moderate-to-

Data are shown as mean (standard deviation) unless otherwise indicated

MVPA and sleep duration were based on accelerometer data, screen time
60.3min/day overall and ranged from 44.7min/day in China to

72.1 min/day in Kenya. Mean screen time was 2.9 h/day and

ranged from 2.0 h/day in India to 3.9 h/day in Brazil. Mean

sleep duration was 8.8 h/day in the overall sample, highest in

the UK (9.5 h/day) and lowest in Portugal (8.3 h/day).

Table 2 shows HRQoL T-scores according to the eight

combinations of movement/non-movement behaviors. In the

combined sample (n ¼ 6106), 18.9% of the participants met

none of the recommendations, 44.1% met the MVPA recom-

mendation, 39.3% met the screen time recommendation,

41.9% met the sleep recommendation, 16.6% met

MVPA þ screen time, 18.2% met MVPA þ sleep, 16.7% met

screen time þ sleep, and only 7.2% met all three recommen-

dations (data not shown). HRQoL T-score was 49.6 in partici-

pantsmeeting none of the recommendations while it was 51.2

in those meeting all three recommendations (P < 0.05). Dif-

ferences in HRQoL between sites were seen within the com-

binations of movement/non-movement behaviors. For

example, USA had the highest HRQoL among participants

meeting all three recommendations (55.5) while Kenya had

the lowest (43.4). Among participants meeting none of the

recommendations, Portugal had the highest HRQoL (53.9)

while Australia had the lowest score (45.5).

Table 3 shows the HRQoL T-scores in children meeting vs

not meeting the MVPA, screen time and sleep duration rec-

ommendations, and combinations of these recommenda-

tions, in the full sample. In the full sample and in girls,

children meeting the screen time recommendation, the

screen time þ sleep duration recommendation, and all three

recommendations had better HRQoL than children not

meeting these guidelines. In boys, only those meeting the

screen time recommendation had better HRQoL than those

not meeting this guideline. Results also revealed differences

across study sites (Table 4). For example, while children in

Australia, Canada, and USA self-reported better HRQoL when

meeting all three recommendations, children in Kenya and
y study site (n ¼ 6106).

-score) MVPA (min/day) Screen time
(h/day)

Sleep duration
(h/day)

8.4) 65.3 (23.2) 3.0 (1.6) 9.4 (0.7)

7.8) 59.6 (26.3) 3.9 (2.2) 8.6 (0.8)

9.2) 58.4 (19.4) 2.8 (1.8) 9.1 (0.8)

11.5) 44.7 (15.7) 2.2 (1.5) 8.8 (0.6)

8.2) 68.2 (24.9) 3.0 (1.5) 8.8 (0.8)

8.7) 70.1 (26.8) 3.0 (1.5) 8.5 (0.9)

9.2) 48.9 (21.2) 2.0 (1.2) 8.6 (0.7)

10.0) 72.1 (31.3) 2.5 (1.7) 8.6 (0.9)

10.5) 55.7 (21.5) 2.5 (1.4) 8.3 (0.9)

10.9) 65.0 (25.5) 3.3 (2.0) 9.2 (0.7)

8.8) 63.8 (22.9) 3.2 (1.6) 9.5 (0.7)

10.3) 50.2 (18.8) 3.4 (2.2) 8.9 (0.9)

9.6) 60.3 (24.9) 2.9 (1.8) 8.8 (0.9)

vigorous physical activity.

.

was self-reported.

http://dx.doi.org/10.1016/j.puhe.2017.07.010
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Table 2 e Children's health-related quality of life by combination of movement/non-movement behaviors across study
sites (n ¼ 6106).

Combinations of movement/non-movement behaviors

None MVPA ST SLEEP MVPA þ ST MVPA þ SLEEP ST þ SLEEP MVPA þ ST þ
SLEEP

Australia (Adelaide) 45.5 (7.4)b 50.8 (8.7)abc 51.5 (8.2)ab 50.1 (8.3)b 52.4 (8.7)ab 51.0 (8.4)ab 51.9 (8.1)ab 52.9 (8.5)ab

Brazil (Sao Paulo) 47.0 (7.1)b 46.4 (7.7)de 46.9 (7.7)c 48.4 (8.5)b 46.1 (7.3)cd 47.2 (9.1)bc 46.3 (7.7)b 44.7 (7.2)bc

Canada (Ottawa) 49.5 (8.7)b 52.8 (9.8)a 52.8 (10.0)a 50.9 (8.7)ab 54.5 (11.0)a 52.6 (9.5)a 52.3 (9.1)a 53.7 (10.4)a

China (Tianjin) 49.8 (10.1)b 51.8 (10.6)abc 51.7 (11.8)a 51.2 (12.2)ab 51.9 (8.2)abc 51.2 (9.7)abc 51.3 (12.8)ab 49.4 (7.2)abc

Colombia (Bogot�a) 49.2 (8.3)b 50.1 (8.1)bc 50.6 (8.8)ab 50.2 (7.9)b 50.8 (9.1)abc 50.7 (7.8)ab 50.8 (8.4)ab 51.3 (9.0)ab

Finland (Helsinki,

Espoo,

and Vantaa)

50.8 (9.3)ab 52.7 (8.6)a 53.7 (8.1)a 53.9 (9.1)a 53.6 (8.2)a 53.2 (8.9)a 54.9 (8.9)a 54.7 (8.2)a

India (Bangalore) 46.9 (7.2)b 48.0 (8.5)cde 48.6 (9.6)bc 49.3 (10.1)b 48.6 (8.1)bcd 48.0 (7.4)abc 49.8 (9.8)ab 49.3 (7.5)abc

Kenya (Nairobi) 47.3 (9.0)b 46.0 (10.4)e 46.1 (10.2)c 48.1 (9.9)b 44.5 (10.6)d 46.1 (9.8)c 46.5 (9.8)b 43.4 (8.5)c

Portugal (Porto) 53.9 (10.7)a 52.5 (10.2)ab 52.1 (10.1)a 51.7 (10.0)ab 50.8 (9.4)abc 48.0 (7.4)abc 51.1 (9.1)ab 47.3 (6.5)abc

South Africa

(Cape Town)

49.7 (12.0)ab 48.9 (10.8)cd 51.3 (11.9)ab 49.5 (10.7)b 51.6 (12.9)abc 48.7 (10.4)bc 51.5 (12.2)ab 51.4 (12.6)ab

UK (Bath and

North East

Somerset)

48.6 (7.0)ab 50.7 (8.9)abc 51.4 (9.2)ab 50.7 (9.1)ab 51.2 (8.3)abc 51.6 (9.0)ab 51.8 (9.5)ab 51.3 (8.4)ab

USA (Baton Rouge) 50.6 (10.2)ab 52.3 (10.7)ab 51.4 (10.5)ab 50.4 (10.5)ab 52.1 (9.9)abc 53.3 (11.8)ab 52.2 (11.2)ab 55.5 (9.4)ab

All sites 49.6 (9.4) 50.2 (9.5) 50.7 (10.1) 50.3 (9.5)b 50.5 (10.0) 50.5 (9.3) 51.2 (10.0) 51.2 (9.7)

Abbreviations: MVPA, moderate-to-vigorous physical activity; ST, screen time; SLEEP, sleep duration.

Data are shown as mean (standard deviation) of health-related quality of life (HRQoL) T-scores.

Meeting the recommendations is defined as �60 min/day for MVPA, �2 h/day for screen time, and between 9 and 11 h/night for sleep duration.

Children's HRQoLwas compared between study sites according to the combination ofmovement/non-movement behaviors using an analysis of

covariance with adjustment for age, sex, highest parental education, unhealthy diet pattern score, and BMI z-score. Amain effect was found for

all eight combinations of movement/non-movement behaviors (P < 0.01), and a TukeyeKramer post-hoc test was performed to contrast mean

differences in HRQoL between sites.

Different superscript letters indicate a statistical significant difference (P < 0.05).

MVPA and sleep duration were accelerometer determined while screen time was self-reported.

p u b l i c h e a l t h 1 5 3 ( 2 0 1 7 ) 1 6e2 420
Portugal reported significantly lower HRQoL when meeting all

three guidelines (relative to their country peers who did not

meet the guidelines).
Discussion

The present study was the first to examine associations be-

tween various combinations of movement/non-movement

behaviors and HRQoL in children across five major

geographic regions of the world (Europe, Africa, the Americas,

South-East Asia, and theWestern Pacific), representing a wide

range of sociocultural variability. Collectively, findings from

this study suggest that self-reported HRQoL is generally better

when children meet established movement/movement

behavior recommendations. However, differences between

sex and study sites also suggest that interventions aimed at

improving lifestyle behaviors and HRQoL should be sex spe-

cific and locally adapted to maximize the success. Experi-

mental studies will be needed to determine whether

improving lifestyle behaviors (separately and collectively)

leads to positive changes in HRQoL, and whether the effect of

these interventions is affected by social, cultural, and

geographic factors.

Our findings are somewhat consistent with previous

research examining the association between movement/non-

movement behaviorsdmostly studied in the isolation of one

another or while adjusting statistically for one anotherdand
HRQoL in children,4,12e15 suggesting that HRQoL is indeed

related to lifestyle behaviors. While studies examining the

association of physical activity and screen timewith HRQoL in

children have generally shown a consistent association be-

tween these variables, those examining the association be-

tween sleep duration and HRQoL are very scarce and report

mixed findings.30 For example, Chen et al.31 found that an

inactive lifestyle (i.e. low levels of physical activity and high

levels television viewing) and late bedtimes during school

nights were associated with poor HRQoL in a large sample of

Japanese children aged 12e13 years. In contrast, Jalali-

Farahani et al.32 recently found that time spent in physical

activity and sedentary behavior, but not sleep duration, were

significantly associated with HRQoL in a sample of 465 Iranian

high school students aged 14e17 years. These discrepant

findings are likely due to differences in age groups (older

students), HRQoL measures (Pediatric Quality of Life In-

ventory), and local culture and social contexts (low-income

country).

Our results also indicated significant differences in HRQoL

between sites and within the combinations of movement/

non-movement behaviors, with children meeting all three

recommendations self-reporting the highest HRQoL in a high-

income country (e.g. USA) and the lowest one in a low-income

country (e.g. Kenya). These variations may reflect important

local cultural and social differences. HRQoL is a subjective

multi-dimensional construct that integrates a broad range of

outcomes in addition to varying social contexts (family, peer,

http://dx.doi.org/10.1016/j.puhe.2017.07.010
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Table 3 e Differences in health-related quality of life between childrenmeeting vs notmeeting theMVPA, screen time, and
sleep duration recommendations and combinations of these recommendations in the full study sample (n ¼ 6106).

Total sample (n ¼ 6106) Boys (n ¼ 2751) Girls (n ¼ 3355)

HRQoL T-score 95% CI HRQoL T-score 95% CI HRQoL T-score 95% CI

MVPA

Meet 50.2 49.8e50.5 50.6 50.1e51.0 49.5 48.9e50.1

Do not meet 50.0 49.7e50.4 50.3 49.7e50.9 50.0 49.6e50.4

ST

Meet 50.7* 50.3e51.1 51.0* 50.3e51.7 50.5* 50.0e51.0

Do not meet 49.7 49.4e50.0 50.2 49.7e50.6 49.3 48.9e49.7

SLEEP

Meet 50.3 49.9e50.7 50.5 50.0e51.1 50.2 49.7e50.7

Do not meet 50.0 49.6e50.3 50.4 49.9e50.9 49.5 49.1e50.0

MVPA þ ST

Meet 50.5 49.9e51.1 50.9 50.0e51.7 50.1 49.2e51.0

Do not meet 50.0 49.8e50.3 50.4 50.0e50.8 49.8 49.4e50.1

MVPA þ SLEEP

Meet 50.5 49.9e51.0 50.6 49.9e51.3 50.2 49.4e51.1

Do not meet 50.0 49.8e50.3 50.4 50.0e50.8 49.8 49.4e50.1

ST þ SLEEP

Meet 51.2* 50.6e51.8 51.0 49.9e52.1 51.3* 50.5e52.0

Do not meet 49.9 49.6e50.2 50.4 50.0e50.8 49.5 49.1e49.8

All three recommendations

Meet 51.2* 50.2e52.1 50.7 49.5e52.0 51.7* 50.3e53.0

Do not meet 50.0 49.8e50.3 50.4 50.0e50.8 49.7 49.4e50.0

Abbreviations: HRQoL, health-related quality of life; MVPA, moderate-to-vigorous physical activity; ST, screen time; SLEEP, sleep duration; CI,

confidence interval.

Meeting the recommendations is defined as �60 min/day for MVPA, �2 h/day for screen time, and between 9 and 11 h/night for sleep duration.

Multilevel models are adjusted for age, sex (combined analysis), highest parental education, unhealthy diet pattern score, and body mass index

z-score.

Data are shown as mean (95% CI) of HRQoL T-scores. *P < 0.05 vs do not meet the recommendation.

MVPA and sleep duration were accelerometer determined while screen time was self-reported.
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and school), particularly in children.1,33 As such, perception of

HRQoL and the ways in which health problems are expressed

vary from culture to culture.34 A recent study has indicated

that the observed differences in life satisfaction in 12-year-old

children from 11 diverse countries around the world were

most likely related to individual factors (social contexts),

rather than country-level factors, such as gross domestic

product or Human Development Index.16,35 Notably, although

Kenya had the highest levels of physical activity, it had the

lowest level of HRQoL. It is possible that HRQoL ismore related

to factors other than lifestyle behaviors in a low-income

country such as Kenya (e.g. extensive active transportation

may not bring the same level of enjoyment as leisure time

play). Although the present study used a valid instrument to

measure HRQoL, future studies may consider using more

refined instruments that accommodate different cultures and

socio-economic backgrounds. Also, we cannot exclude that a

ceiling/floor effect limited the present study, with Portugal

being at the top of the HRQoL scale and Kenya at the bottom.

The observed sex differences in the relationships between

meeting movement/non-movement behavior recommenda-

tions and HRQoL are interesting and deserve further in-

vestigations. Our results showed that girls meeting the screen

time recommendation, the screen time þ sleep duration

recommendation, and all three recommendations had better

HRQoL than those not meeting any of these guidelines. While

in boys, only those meeting the screen time recommendation

had better HRQoL than those not meeting this specific
guideline. This may suggest that meeting the screen time

recommendation plays an important role in self-reporting

better HRQoL. High screen time might induce lower HRQoL

(for example, through exposure to troubling content), or

alternatively children with low HRQoL (for example, due to

lack of social connections) may seek a refuge in screen time.

Some questions of the KIDSCREEN-10 instrument (e.g. feeling

lonely, not enough time for yourself, or not being able to do

the things you want to do in your free time) may be particu-

larly linked to screen time behaviors and, therefore, reflected

in these results.

It is important to note that the present study only focused

on three key components of the 24-h period (MVPA, screen

time and sleep). At present, there is no consensus on thresh-

olds to be used for light-intensity physical activity and total

sedentary time. Although it is beyond the scope of this article,

we also examined the associations of light-intensity physical

activity and total sedentary time with HRQoL and only found

weak associations (r¼ 0.03 and r¼�0.05, respectively). This is

in line with current recommendations and previous research

showing that MVPA, screen time, and sleep duration are the

components of the 24-h day that are more strongly associated

with health outcomes.8e11

This study has several strengths and limitations that

warrant discussion. Major strengths of this study include the

large international sample of children from low-to high-in-

come countries, the highly standardized measurement pro-

tocol, the use of objective measurements whenever possible,
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Table 4 e Differences in health-related quality of life between children meeting vs not meeting the MVPA, screen time, and sleep duration recommendations and
combinations of these recommendations across study sites (n ¼ 6106).

Combinations of movement/non-movement behaviors

MVPA ST SLEEP MVPA þ ST MVPA þ SLEEP ST þ SLEEP MVPA þ ST þ SLEEP

Australia (Adelaide)

Meet 50.8 (49.8e51.9)* 51.5 (50.2e52.9)* 50.1 (49.2e51.0) 52.4 (50.7e54.2)* 51.0 (49.8e52.2)* 51.9 (50.4e53.3)* 52.9 (50.8e54.9)*

Do not meet 48.4 (47.3e49.6) 48.8 (47.8e49.8) 48.8 (47.2e50.4) 49.1 (48.3e50.0) 48.9 (47.8e49.9) 48.9 (48.1e49.9) 49.2 (48.4e50.1)

Brazil (Sao Paulo)

Meet 46.4 (45.4e47.5) 46.9 (45.4e48.3) 48.4 (47.1e49.7)* 46.1 (44.0e48.2) 47.2 (44.9e49.4) 46.3 (43.9e48.7) 44.7 (40.9e48.5)

Do not meet 47.8 (46.9e48.8) 47.3 (46.5e48.1) 46.7 (45.9e47.5) 47.3 (46.6e48.1) 47.2 (46.5e47.9) 47.3 (46.6e48.0) 47.3 (46.6e48.0)

Canada (Ottawa)

Meet 52.8 (51.6e54.1)* 52.8 (51.6e54.0)* 50.9 (49.8e51.9) 54.5 (52.7e56.3)* 52.6 (50.9e54.2)* 52.3 (50.8e53.8) 53.7 (51.6e55.9)*

Do not meet 50.0 (48.9e51.1) 49.9 (48.9e51.0) 51.7 (50.4e52.9) 50.4 (49.5e51.3) 50.8 (49.8e51.7) 50.8 (49.8e51.7) 50.8 (49.9e51.7)

China (Tianjin)

Meet 51.8 (49.1e54.5) 51.7 (50.4e53.1) 51.2 (49.4e53.0) 51.9 (47.7e56.1) 51.2 (46.5e55.9) 51.3 (48.9e53.7) 49.4 (40.9e58.0)

Do not meet 51.1 (49.9e52.3) 50.5 (48.9e52.2) 51.2 (49.9e52.5) 51.2 (50.1e52.3) 51.2 (50.2e52.3) 51.2 (50.0e52.4) 51.3 (50.2e52.3)

Colombia (Bogot�a)

Meet 50.1 (49.4e50.8) 50.6 (49.6e51.6) 50.2 (49.3e51.1) 50.8 (49.5e52.1) 50.7 (49.4e51.9) 50.8 (49.2e52.3) 51.3 (49.3e53.3)

Do not meet 49.6 (48.8e50.5) 49.6 (48.9e50.3) 49.7 (49.0e50.4) 49.7 (49.1e50.3) 49.7 (49.1e50.3) 49.8 (49.2e50.4) 49.8 (49.2e50.4)

Finland (Helsinki, Espoo, and Vantaa)

Meet 52.7 (51.7e53.8) 53.7 (52.3e55.0) 53.9 (52.4e55.4) 53.6 (51.8e55.3) 53.2 (51.2e55.3) 54.9 (52.6e57.2)* 54.7 (51.6e57.8)

Do not meet 52.4 (51.1e53.7) 52.1 (51.1e53.1) 52.1 (51.2e53.1) 52.4 (51.5e53.3) 52.5 (51.6e53.4) 52.3 (51.5e53.2) 52.5 (51.6e53.3)

India (Bangalore)

Meet 48.0 (46.4e49.6) 48.6 (47.6e49.6) 49.3 (47.8e50.8) 48.6 (46.6e50.5) 48.0 (45.2e50.8) 49.8 (47.9e51.7)* 49.3 (46.1e52.5)

Do not meet 48.2 (47.2e49.1) 47.3 (46.0e48.6) 47.7 (46.8e48.6) 48.0 (47.2e48.9) 48.1 (47.3e48.9) 47.7 (46.9e48.6) 48.0 (47.2e48.8)

Kenya (Nairobi)

Meet 46.0 (44.9e47.2)* 46.1 (44.7e47.5) 48.1 (46.5e49.8) 44.5 (42.7e46.2)* 46.1 (43.9e48.4) 46.5 (43.7e49.2) 43.4 (39.8e46.9)*

Do not meet 48.6 (47.2e50.0) 47.9 (46.7e49.1) 46.7 (45.6e47.8) 48.1 (47.1e49.2) 47.3 (46.3e48.3) 47.2 (46.2e48.2) 47.4 (46.4e48.3)

Portugal (Porto)

Meet 52.5 (51.2e53.9) 52.1 (50.9e53.3) 51.7 (49.8e53.6) 50.8 (48.7e52.8)* 48.0 (43.9e52.0)* 51.1 (48.5e53.8) 47.3 (41.6e52.9)*

Do not meet 53.3 (52.3e54.3) 53.9 (52.7e54.9) 53.4 (52.5e54.3) 53.5 (52.6e54.4) 53.3 (52.4e54.1) 53.2 (52.4e54.1) 53.2 (52.3e53.9)

South Africa (Cape Town)

Meet 48.9 (47.5e50.3) 51.3 (49.6e53.0)* 49.5 (48.2e50.8) 51.6 (49.2e54.0) 48.7 (46.9e50.5) 51.5 (49.3e53.7)* 51.4 (48.5e54.3)

Do not meet 50.2 (48.7e51.6) 48.6 (47.4e49.8) 49.5 (47.9e51.2) 49.1 (47.9e50.2) 49.9 (48.7e51.2) 48.9 (47.9e50.1) 49.3 (48.2e50.3)

UK (Bath and North East Somerset)

Meet 50.7 (49.5e51.9) 51.4 (49.7e53.0) 50.7 (49.7e51.7)* 51.2 (48.9e53.5) 51.6 (50.2e53.0)* 51.8 (49.9e53.6)* 51.3 (48.8e53.8)

Do not meet 49.6 (48.4e50.8) 49.7 (48.7e50.7) 48.4 (46.7e50.1) 49.9 (49.1e50.9) 49.3 (48.3e50.4) 49.7 (48.7e50.7) 50.0 (49.1e50.9)

USA (Baton Rouge)

Meet 52.3 (50.5e54.2)* 51.4 (49.7e53.1) 50.4 (48.9e51.8) 52.1 (48.6e55.6) 53.3 (50.3e56.3) 52.2 (49.7e54.6) 55.5 (49.9e60.2)*

Do not meet 50.1 (49.0e51.2) 50.4 (49.3e51.6) 51.0 (49.7e52.2) 50.6 (49.6e51.6) 50.4 (49.4e51.4) 50.5 (49.5e51.5) 50.6 (49.7e51.6)

Abbreviations: MVPA, moderate-to-vigorous physical activity; ST, screen time; SLEEP, sleep duration.

Data are shown as mean (95% confidence interval) of health-related quality of life (HRQoL) T-scores.

Meeting the recommendations is defined as �60 min/day for MVPA, �2 h/day for screen time, and between 9 and 11 h/night for sleep duration.

Multilevel models are adjusted for age, sex, highest parental education, unhealthy diet pattern score and body mass index z-score.

*P < 0.05 vs do not meet the recommendation.

MVPA and sleep duration were accelerometer determined while screen time was self-reported.
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and the rigorous quality control program to ensure high-

quality data across all sites.4 The limitations include the

cross-sectional study design precluding any cause-and-effect

associations betweenmeeting themovement/non-movement

behavior recommendations and HRQoL, the possibility of re-

sidual confounding by unmeasured variables (e.g. mental

health), the use of a self-reported questionnaire to assess

screen time, and the limited generalizability of our data (the

sample was drawn from urban and peri-urban areas only).

Conclusion

In conclusion, the present study provides evidence that self-

reported HRQoL is generally better when children meet

movement/non-movement behavior recommendations, and

combinations of these recommendations, compared with not

meeting any of them. This is of importance given that children

with poor HRQoL are less likely to develop normally and

mature into a healthy adult.36 Differences in the reported re-

lationships between study sites suggest that the geographic

area of the world and sociocultural variability may be impor-

tant factors to consider. Future efforts aimed at improving

lifestyle behaviors and HRQoL in children from around the

world and should consider that these differences and a ‘one-

size-fits-all’ approach are unlikely to provide the same results.
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