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INTRODUCTION

In past decades, the rate of overweight and obesity among pre-
schoolers, children, and adolescents worldwide has continued to rise.
Childhood obesity has been identified as one of the severe public

health problems of the 21st century due to its chronic adverse
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Abstract

Obijective: This study aimed to determine the relationship between meeting all three
24-hour movement recommendations (i.e., physical activity, sleep duration, and
screen time) and obesity-related indicators among young people.

Methods: Four databases were systematically searched (PubMed, Scopus, Web of
Science, and Cochrane Library).

Results: Meeting the 24-hour movement recommendations was cross-sectionally
associated with lower overall obesity-related indicators (r = —0.09, 95% Cl: —0.11 to
—0.06), but no longitudinal association was found. Regarding each obesity-related
indicator separately, meeting all three recommendations was related to lower odds
of overweight/obesity (odds ratio = 0.65, 95% Cl: 0.56 to 0.76) and obesity alone
(odds ratio = 0.28, 95% Cl: 0.16 to 0.50). An inverse relationship between meeting
24-hour movement recommendations and BMI, BMI z score, waist circumference,
and body fat was also found. Regarding subgroup analysis, the association between
24-hour movement recommendations and overall obesity-related indicators was sim-
ilar regardless of sex, comparison used (meeting all three vs. not meeting [i.e., those
who met zero to two of the movement behaviors] or meeting all three vs. none), and
type of measure to assess 24-hour movement recommendations (i.e., self-reported
or accelerometer-based measures).

Conclusions: Meeting all 24-hour movement recommendations may be a crucial fac-
tor in maintaining a healthy weight status in the young population.

consequences [1]. In 2016, more than 340 million children and adoles-
cents aged 5 to 19 years worldwide had excess weight (i.e., over-
weight or obesity) [2]. Having excess weight during childhood
significantly increases total annual medical costs ($307.72 due to obe-
sity and $190.51 due to overweight) in comparison with healthy
weight peers [3]. The likelihood of early puberty in children [4],
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irregular menstruation in teenage girls [5], obstructive sleep apnea [5],
and cardiovascular risk factors, including prediabetes, type 2 diabetes,
high cholesterol levels, hypertension, nonalcoholic fatty liver disease,
and metabolic syndrome [5], increases with obesity. Children and ado-
lescents with obesity may also experience psychological problems
such as depression, anxiety, low self-esteem, body image issues, diffi-
culties with peer relationships, and eating disorders [6]. Children and
adolescents with obesity are approximately five times more likely to
have obesity in adulthood than those who do not [7]. Having excess
weight in childhood or adolescence increases the risk of morbidity
and mortality in adulthood [8], which also increases the risk of suffer-
ing noncommunicable diseases (e.g., type 2 diabetes, cardiovascular
diseases) [9].

There is compelling evidence indicating that physical activity, sleep
duration, and sedentary behaviors, including screen time (i.e., 24-hour
movement behaviors), are related to a wide range of health indicators
in the young population [10]. The 24-hour movement recommenda-
tions for youth shift the focus from single behaviors to an integration of
all movement-related behaviors in the 24-hour time-use continuum [11].
Thus, these guidelines recommend that children and adolescents aged
5 to 17 years should engage in at least 60 min/d of moderate-to-vig-
orous physical activity, restrict their recreational screen time
(<120 min/d for children/adolescents), and have adequate sleep dura-
tion (e.g., 9-11 h/d for children, 8-10 h/d for adolescents) in a period
of 24 hours [11, 12]. Moreover, according to these recommendations,
preschoolers (3-4 years) should engage in at least 180 minutes of phys-
ical activity (a minimum of 60 minutes should be moderate-to-vigorous
physical activity), less than 1 h/d of sedentary screen time, and 10 to
13 hours of good-quality sleep [13]. To improve health outcomes, such
recommendations indicate that the clustering and interactions among
all domains of 24-hour movement behaviors should be targeted simul-
taneously [14]. A recent meta-analysis of 387,437 participants (51%
girls) aged 3 to 18 years from 23 countries [15] revealed a global adher-
ence rate of only 7.12% to the 24-hour movement recommendations,
highlighting the low compliance with these guidelines.

Although the etiology of obesity is complex [16], environmental
factors may significantly contribute to the dysregulation of body
weight [17]. In this sense, high physical activity levels, low screen
time, and adequate sleep duration have been independently associ-
ated with reduced obesity-related indicators in previous systematic
reviews and meta-analyses [18-22]. The systematic review con-
ducted by Saunders et al. [23] also found that children and adoles-
cents with a combination of high physical activity/low sedentary
behaviors/high sleep had more desirable obesity-related indicators
compared with those with the opposite combination. Similarly, a
recent systematic review published by Rollo et al. [10] showed that,
in most of the studies examined, meeting 24-hour movement recom-
mendations was related to lower obesity-related indicators
(i.e., body mass index [BMI], BMI z score [zBMI], excess weight, and
body fat). However, adherence to 24-hour movement recommenda-
tions seems not to be associated with obesity-related indicators in
children under 5 years of age [24]. To our knowledge, no previous

studies have meta-analyzed the association between 24-hour

Study Importance
What is already known?

o High physical activity levels, low screen time, and ade-
guate sleep duration have been independently associated
with reduced obesity-related outcomes; however, no pre-
vious studies have performed a meta-analysis quantifying
the association between the combination of these behav-
iors (i.e., 24-hour movement guidelines) and obesity-
related indicators among preschoolers, children, and

adolescents.

What does this review add?

o Meeting the 24-hour movement guidelines was cross-
sectionally associated with lower overall obesity-related
indicators, specifically BMI, BMI z score, waist circumfer-
ence, and body fat percentage.

o Meeting all three guidelines was associated with lower
odds of excess weight (i.e., overweight and/or obesity)

and obesity alone.

How might these results change the direction of
research or the focus of clinical practice?

o Our findings highlight that all components of the 24-hour
movement continuum should be addressed jointly to pre-
vent overweight and obesity from early childhood to ado-
lescence, which is one of the greatest challenges to

public health in the 21st century.

movement recommendations and obesity-related indicators among
preschoolers, children, and adolescents. Thus, the aim of this study
was to determine the association between meeting all three 24-hour
movement recommendations and obesity-related indicators among
young people aged 3 to 18 years.

METHODS

The protocol was published in PROSPERO under registration number
CRD42022349490 and conducted in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines published in 2021 [25].

Information sources and search strategy
Four electronic databases (PubMed, Scopus, Web of Science, and

Cochrane Database of Systematic Reviews), from June 16, 2016, to

October 26, 2022, were searched by two independent researchers
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(Miguel Angel Tapia-Serrano and Javier Sevil-Serrano) to identify
potentially relevant manuscripts. The year 2016 was set as the
start date because 24-hour movement recommendations were pub-
lished in this year [11].

The research strategy was based on PECOS (Population, Expo-
sure, Comparator, Outcome, and Study design), using the following
BMI, “body mass index”, overweight, obes*, “weight status” OR “body
composition”, “body fat”, fatness, adiposity, “weight circumference”,
“trunk fat mas”, “waist to height ratio”; “movement behavio*”,
“24-hour*”; preschool*, early*, child*, young®*, adolesc*, student*,
youth, teena*; recommendations, guidelines; screen, “physical
activity”, sleep*. The specific search terms for each of the previously
mentioned databases, in combination with specific filters, are shown
in Supporting Information Table S1. Finally, a hand-searching of the
reference list of studies included in this meta-analysis and relevant
review studies was also done to ensure that no eligible studies were
missed. Only peer-reviewed, English- and Spanish-language journal-
published studies were examined.

Selection criteria

To be eligible for inclusion in this meta-analysis, each study needed to
meet the following PECOS criteria: (a) population, apparently healthy
young people aged 3 to 18 years; (b) exposure, meeting all three
24-hour movement recommendations (i.e., physical activity, screen
time, and sleep duration); (c) comparator, youth who met all 24-hour
movement recommendations compared with those who did not meet
the three recommendations and/or none; (d) outcome, any of the fol-
lowing obesity-related indicators: excess weight, obesity, BMI, zBMI,
waist circumference, and body fat; and (e) study design, no restriction,
except for gray literature (e.g., editorials, abstracts, congress commu-
nications), systematic reviews and/or meta-analyses, and qualitative
studies. Studies were excluded if they (a) were carried out only among
young people with overweight or obesity or who have disabilities;
(b) were carried out prior to 2016 or where data were gathered during
the COVID-19 lockdown; (c) were conducted with babies, toddlers,
infants, adults, and older people; and (d) did not assess global adher-
ence to 24-hour movement recommendations and obesity-related
indicators.

After identifying eligible studies in each database, Zotero (Version
5.0.85) was used to eliminate duplicate studies. Two researchers
(Miguel Angel Tapia-Serrano and Javier Sevil-Serrano) screened each
title and abstract to identify potentially relevant articles. The full texts
of the final studies identified by the two authors were independently
reviewed for eligibility. Any disagreement was resolved by consensus

or by a third researcher (Antonio Garcia-Hermoso).

Data collection process and data items

The data extraction process was conducted by one researcher (Miguel

Angel Tapia-Serrano) and checked for accuracy by a second
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researcher (Javier Sevil-Serrano). Discrepancies were resolved by
agreement between the two investigators or a third researcher
(Antonio Garcia-Hermoso). The studies that fulfilled the selection cri-
teria provided the following data: author(s), publication year, country
or countries, number of participants, age range, study design, and
method used to measure physical activity, screen time, and sleep
duration. In cases in which a study used both self-reported and
device-based measures, the latter was given preference. Information
extracted from each study is shown in Supporting Information
Table S2.

Quality assessment in individual studies

The methodological quality of the studies (i.e., low quality, medium
quality, and high quality) was separately evaluated by two researchers
(Pedro Antonio Sanchez-Miguel and Miguel Angel Tapia-Serrano). A
third researcher resolved disagreements and conflicts (Javier Sevil-Ser-
rano). Using the Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies, the studies’ methodological quality was evalu-
ated. Eleven of the fourteen items in this checklist for longitudinal stud-
ies are applicable to observational and cross-sectional research (except
Items 7, 10, and 13). This 14-item instrument assesses the following 14
factors: (a) research problem; (b and c) study population; (d) groups par-
ticipating in the same population and meeting eligibility requirements;
(e) sample size; (f) exposure measured before results assessment;
(g) sufficient time to have an effect; (h) multiple levels of the exposure
of concern; (i) exposure assessment and measurement; (j) repeated
exposure measurement; (k) outcome assessment; and () blinding of
result. The bottom of Supporting Information Table S3 includes the
whole list of quality evaluation inquiries. Each item was given a value of
1 point if the text adequately described it and was then classed as
“yes” (1 point), “no” (0 points), “not applicable,” or “not reported.” Addi-
tionally, if an item’s description was insufficient or unclear, it was
graded as “not reported,” whereas “not applicable” was assigned to
items for which the measurement criteria might not be applicable. The
maximum possible score for longitudinal research was 14 points (all of
which were awarded), compared with 11 for observational studies.
Score ranges were taken into account for the next three categories: low
quality (4 points), medium quality (5-9 points), and high quality (>10
points) for longitudinal studies and low quality (3 points), medium qual-
ity (4-7 points), and high quality (>8 points) for cross-sectional studies,
following the Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies.

Meta-analysis

STATA version 17.0 was used for all analyses (Stata Corp LLC, College
Station, Texas). For the current meta-analysis, the correlation coeffi-
cient (r) served as the primary effect size. We used various formulas
[26-28] to convert other statistics, such as odds ratios (OR), standard-
ized regression coefficients, unstandardized regression coefficients,
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and Cohen d, to correlation coefficients. The DerSimonian-Laird ran-
dom effects model [29] was used to pool the correlation coefficients’
effect sizes.

According to previous literature [30, 31], an overall impact of
adhering to all three 24-hour movement recommendations on out-
comes associated with obesity was identified. Using the following
hierarchy, we chose just one correlation coefficient from each study
to prevent duplication: (a) dual-energy x-ray absorption or magnetic
resonance imaging; (b) skinfold thickness; (c) bioelectrical impedance
analysis; (d) waist circumference; (e) zBMI; and (f) BMI and excess
weight. On the basis of the information provided, separate pooled
analyses were also carried out on the following obesity-related indica-
tors: excess weight (overweight and obesity), obesity, BMI, zBMI,
waist circumference, and body fat (percentage or kilogram).

To account for the anticipated between-study heterogeneity,
the total variance (Q) and the inconsistency index (12) [32] were
used. 12 readings were divided into three categories: low inconsis-
tency (25%), moderate inconsistency (25%-75%), and extreme
inconsistency (>75%) [33].

Doi plots and computation of the Luis Furuya-Kanamori (LFK)
index were conducted to assess small-study effects (i.e., publication
bias). The asymmetry of the LFK index was classified as follows: a
value >1 or <—1 indicates minor asymmetry, and a value >2 or <—2

indicates major asymmetry [34].

Whenever possible, subgroup analysis was conducted using the
overall obesity-related indicator results according to design of the
studies (i.e., cross-sectional and longitudinal) and by sex, age group
(i.e., preschoolers, children, and adolescents), assessment of the move-
ment behaviors (i.e., self-reported measures vs. accelerometer-based
measures), and comparison used (i.e., meeting all three versus not
meeting or meeting all three versus none).

Finally, to determine the effects of each result from each study
on the pooled correlation coefficients or OR, the results were ana-

lyzed with each study removed from the analysis once.

RESULTS
Study selection

The aforementioned databases yielded a total of 9043 studies (Fig-
ure 1). There were 1856 studies left after screening for duplicates,
gray literature, and other factors. After titles and abstracts were scru-
tinized, 1644 papers were eliminated, and 222 full-text articles were
checked for eligibility. Finally, 29 papers were included in the current
meta-analysis because they satisfied the inclusion and exclusion
criteria (Table 1). The reasons for exclusion are listed in Supporting
Information Table S2. Figure 1 displays the PRISMA flow diagram that

[ Identification of studies through databases and registers J
)
9043 Records 1(%ent1ﬁed through 7187 Records removed before
= database searching .
S screening:
3 3735 Duplicate records
2 3505 MEDLINE — P
E 1623 Scopus removed
5 P . 494 Protocol records removed
= 666 Web of Science
3249 Coch Lib 2958 Records removed for
ochrane Library other reasons
—
— A4
1856 Records screened 1644 Records excluded after title
—» | and abstract
A 4
= .
E 15 Reports sought for retrieval — | 5 Reports no retrieved
3
5
@
v
~ - 193 Reports excluded:
géz ll;lllllllt text articles assessed for > 2 Published before 2016
s Y 16 Did not include the studied
population
— 12 Data collected during COVID-
19
() 96 Did not calculate compliance
= v with the three 24-hour movement
] - . . guidelines
= 29 Studies included in meta-analysis 26 Data from the same surveys
= 41 Adiposity was not included
—

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. [Color figure can be viewed at

wileyonlinelibrary.com]
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shows how many studies were removed at each stage of the meta-

analysis.

Study characteristics

The main characteristics of the 29 studies included in this meta-
analysis can be found in Table 1. A total of 211,388 young people
aged 3 to 18 years were involved. Regarding age group, 7948 were
preschoolers (3-5 years; 3.74%), 122,906 were children (6-12 years;
58.17%), 45,048 were adolescents (13-18 years; 21.31%), and 35,486
were children and adolescents (6-18 years; 16.78%). Sample sizes
across studies ranged from 103 [35] to 114,072 participants [39].
Regarding sex, 28 studies included both boys and girls, except 1 study
that included only girls [44]. Regarding the study design, 22 studies

Correlation (r)

Journal

were cross-sectional and 7 longitudinal (from 1 to 7 years of follow-up)
[35, 38, 42, 45, 51, 54, 55]. However, we included only 5 studies [35,
38, 42, 45, 54] in our analysis of longitudinal results due to the following
reasons: (i) Meredith-Jones et al. [55] provided longitudinal data from
age 1 year and we used cross-sectional data from the 5-year-old time
point and (i) Kim et al. [50] used longitudinal data during the COVID-19
pandemic and therefore we used only cross-sectional results at baseline.

Measurements

Regarding obesity-related indicators, the most common obesity-
related indicators were zBMI [35, 37, 38, 40, 42, 44-47, 49, 55, 56],
waist circumference [36, 38, 45, 48, 53, 54, 60], BMI [35, 36, 39, 41, 48,
53, 58], body fat by bioelectrical impedance analysis [57, 62] or dual-

Study with 95% CI Parameter Age Sex Comparison
Berglind et al. 2018 f 0.00 (-0.07, 0.07) zBMI Preschoolers Boys and gitls  Meeting all 3 vs not meeting
Carson et al. 2017 0.00 (-0.03, 0.03) WC Children and Adolescents  Boys and girls  Meeting all 3 vs none
Chaput et al. 2017 - -0.07 (-0.14, -0.00) zBMI Preschoolers Boys and girls  Meeting all 3 vs not meeting
Chemtob et al. 2021 —- -0.21 (-0.28, -0.13) Body fat Children Boys and girls  Meeting all 3 vs none
Chemtob et al. 2021 —— -0.16 (-0.24, -0.08) Body fat Adolescents Boys and girls  Meeting all 3 vs none
Chen et al. 2021(4-6 years old) [ | -0.08 (-0.09, -0.07) Overweight/Obesity Children Girls Meeting all 3 vs none
Chen et al. 2021(10-12 years old) [ ] -0.23 (-0.24, -0.21) Overweight/Obesity ~ Children Girls Meeting all 3 vs none
Chen et al. 2021(10-12 years old) [ ] -0.05 ( -0.06, -0.04) Overweight/Obesity ~Children Boys Meeting all 3 vs none
Chen et al. 2021(7-9 years old) [ | -0.03 (-0.04, -0.02) Overweight/Obesity ~ Children Boys Meeting all 3 vs none
Chen et al. 2021(4-6 years old) [ | -0.05 (-0.06, -0.04) Overweight/Obesity ~Children Boys Meeting all 3 vs none
Chen et al. 2021(7-9 years old) [ | -0.07 (-0.08, -0.06) Overweight/Obesity ~Children Girls Meeting all 3 vs none
Decraene et al. 2021 -0.02 (-0.07, 0.03) zBMI Preschoolers Boys Meeting all 3 vs not meeting
Decraene et al. 2021 -0.01 (-0.07, 0.05) zBMI Preschoolers Girls Meeting all 3 vs not meeting
Feng et al. 2021 0.02 (-0.10, 0.14) Overweight/Obesity Children Boys and girls  Meeting all 3 vs none
Fung et al. 2023 [ ] -0.12 (-0.13, -0.11) zBMI Children and Adolescents Boys and girls  Meeting all 3 vs not meeting
Guan et al. 2020 —i— -0.14 (-0.25, -0.02) Overweight/Obesity Preschoolers Boys and gitls  Meeting all 3 vs not meeting
Guimarées et al. 2021 —— -0.03 (-0.15, 0.09) zBMI Children and Adolescents Boys and girls  Meeting all 3 vs not meeting
Jakubec et al. 2020 —— -0.28 (-0.37, -0.19) Overweight/Obesity Children Boys and girls  Meeting all 3 vs none
Jakubec et al. 2020 - 0.07 (-0.04, 0.18) Overweight/Obesity Adolescents Boys and gitls  Meeting all 3 vs none
Janssen et al. 2017 [ ] -0.06 ( -0.07, -0.05) zBMI Children and Adolescents Boys and girls  Meeting all 3 vs not meeting
Katzmarzyk and Staiano, 2017 —— -0.27 (-0.36, -0.18) Body fat Children Boys and gitls  Meeting all 3 vs none
Kim et al. 2020 —— -0.04 (-0.13, 0.06) Overweight/Obesity Preschoolers Boys and gitls  Meeting all 3 vs not meeting
Kim et al. 2021 —a— -0.06 (-0.18, 0.06) Overweight/Obesity Children Boys and girls  Meeting all 3 vs not meeting
Kim et al. 2022 —@—— 0.21( 0.02, 0.38) Overweight/Obesity Preschoolers Boys and gitls  Meeting all 3 vs none
Lee et al. 2021 —— 022( 0.10, 0.33) Overweight/Obesity Preschoolers Boys and girls  Meeting all 3 vs none
Leppénen et al. 2019 - -0.04 ( -0.11, 0.03) WC Preschoolers Boys and girls  Meeting all 3 vs not meeting
Leppénen et al. 2022 —— -0.32 (-0.39, -0.24) WC Preschoolers Boys and gitls  Meeting all 3 vs not meeting
Meredith-Jones et al. 2019 —— -0.04 (-0.14, 0.06) Body fat Preschoolers Boys and girls  Meeting all 3 vs not meeting
Roman-Vinas et al. 2016 [ | -0.08 (-0.10, -0.06) zBMI Children Boys and gitls  Meeting all 3 vs not meeting
Sai-Chuen Hui et al. 2021 [ | -0.04 (-0.06, -0.02) Body fat Adolescents Boys and gitls  Meeting all 3 vs none
Shi et al. 2020 -0.07 (-0.18, 0.04) BMI Adolescents Boys Meeting all 3 vs none
Shi et al. 2020 0.01(-0.09, 0.11) BMI Adolescents Girls Meeting all 3 vs none
Tanaka et al. 2020 —— -0.14 (-0.23, -0.05) Overweight/Obesity Children Boys Meeting all 3 vs not meeting
Tanaka et al. 2020 — -0.05 (-0.14, 0.04) Overweight/Obesity Children Girls Meeting all 3 vs not meeting
Vanderloo et al. 2021 - -0.27 (-0.33, -0.21) WC Preschoolers Boys and gitls  Meeting all 3 vs none
Yang et al. 2022 H -0.05 (-0.06, -0.04) Overweight/Obesity ~ Children and Adolescents Boys and girls Meeting all 3 vs none
Zhou et al. 2022 - -0.18 (-0.24, -0.12) Body fat Children Boys and girls  Meeting all 3 vs none
Zhu et al. 2020 [ ] -0.13 (-0.14, -0.11) Overweight/Obesity ~Adolescents Girls Meeting all 3 vs none
Zhu et al. 2020 [ | -0.19 (-0.20, -0.17) Overweight/Obesity ~Adolescents Boys Meeting all 3 vs none
Overall * -0.09 ( -0.11, -0.06)
Heterogeneity: 12 = 0.00, I2 = 96.48%, H? = 28.40
Test of 8, = 6: Q(38) = 1079.34, p < 0.001
Testof 6 =0: z=-7.24, p < 0.001

038 020 000 020 038

Random-effects DerSimonian—Laird model

FIGURE 2 Forest plot showing the correlation of 24-hour movement recommendations and obesity-related indicators in cross-sectional

studies. WC, waist circumference; zBMI, BMI z score
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energy x-ray absorptiometry [38, 55], only obesity [48, 63], and over-
weight/obesity [35, 37, 41, 43, 46, 50-52, 56, 59, 61-63]. Regarding the
measurement of the 24-hour movement recommendations, physical
activity was assessed by accelerometer-based measures in 17 studies [35,
37, 38, 40, 41, 43, 45, 46, 49, 51-56, 58, 59] and self-reported measures
by young people and parents in 12 studies [36, 39, 42, 44, 47, 48, 50,
57, 60-63]. Screen time was self-reported by young people in 14 studies
[36, 38, 39, 44, 46-48, 50, 54, 56-58, 61, 62] and by parents in 15 studies
[35, 37, 40-43, 45, 49, 51-53, 55, 59, 60, 63]. Sleep duration was deter-
mined by accelerometer-based measures in 9 studies and self-reported
measures by young people and parents in 20 studies [35, 36, 40, 42-45,
47-53, 57, 59-63]. Finally, 15 studies compared meeting all three recom-
mendations with meeting any of the recommendations (i.e., not meeting
all three) [35, 37, 40, 42-45, 47, 49, 50, 53-56, 59], whereas 14 studies
compared meeting all three recommendations with meeting none of the
recommendations [36, 38, 39, 41, 46, 48, 51, 52, 57, 58, 60-63].

Quality assessment in individual studies

In Supporting Information Table S3, the findings of the methodologi-
cal quality evaluation are presented. In this sense, 82.75% of the stud-
ies were classified as high quality, and 17.75% appeared as medium
quality. Most studies complied with the reporting requirements for
samples (Items 1-4), with the exception of the sample size, which was
described by just 14% of studies (Item 5). The exposure(s) of interest
were measured before the outcome was measured in all cohort and
longitudinal studies (21%). Moreover, only 21% (Item 7) of the studies
included more than one measurement over time (four longitudinal
studies and two cohort studies). All the studies had distinct amounts
of exposure to the independent and dependent variables, and they all
precisely defined and described the variables (ltems 8, 9, and 11).
However, only 21% tracked these factors throughout time (Item 10).

No studies made it clear whether outcome evaluators were blinded

TABLE 2 Subgroup analyses of 24-hour movement recommendations on obesity-related indicators among preschoolers, children, and

adolescents

Correlation (r)
Design/obesity-related indicators n or OR

Cross-sectional designs

Overall studies 28 —0.09
Boys 5 -0.08
Girls 5 —0.09
Boys and girls 23 -0.09
Preschoolers 11 —0.05
Children 9 -0.12
Adolescents 5 —0.08
Meeting all three vs. not 14 -0.07
meeting
Meeting all three vs. none 13 -0.09
Self-reported measures 11 -0.11
Accelerometer-based measures® 17 —0.06

Obesity-related indicators

Excess weight 14 0.65

Obesity 4 0.28

BMI 6 —0.08

BMI z score 9 —0.09

Waist circumference 6 —0.18

Body fat 5 -0.15
Longitudinal designs

Overall studies 5 —0.04
Obesity-related indicators

BMI z score 4 —0.04

LFK
95% Cl p 12 index
—0.11 to —0.06 <0.001 96.5 0.17
—0.13 to —0.02 0.010 97.8 -1.30
—0.15 to —0.03 <0.001 98.3 246
—0.12 to —0.06 <0.001 91.8 0.03
—0.13t0 0.02 0.200 90.8 0.39
—0.16 to —0.08 <0.001 97.5 3.02
—0.14 to —0.02 <0.001 96.7 3.89
—0.10 to —0.05 <0.001 84.3 1.24
—0.12 to —0.06 <0.001 97.8 0.58
—0.14 to —0.08 <0.001 98.2 -3.85
—0.10 to —0.02 <0.001 86.2 0.39

0.56t0 0.76 <0.001 69.6 —2.49

0.16 to 0.50 <0.001 749 —-0.56
—0.13 to —0.02 0.010 82.8 3.05
—0.13 to —0.05 <0.001 89.4 —0.56
—0.29 to —0.07 <0.001 95.3 —421
—0.23 to —0.06 <0.001 91.9 —6.72
—0.13t0 0.06 0.102 92.1 4.94
—0.14 t0 0.05 0.371 90.2 5.86

Note: Italics indicate OR values.

Abbreviations: LFK, Luis Furuya-Kanamori; OR, odds ratio; zBMI, BMI z score.

@Refers to studies that assessed physical activity and/or sleep duration accelerometers.
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during the investigation (Item 12), and they all reported individual
losses during follow-up (Item 13). All the studies (100%) also included
variables related to following the 24-hour movement recommenda-

tions (e.g., socioeconomic status, age, sex).

Synthesis of results of the meta-analysis

Regarding cross-sectional designs, the association between 24-hour
movement recommendations and obesity-related indicators was statisti-
cally significant (r = —0.09, 95% confidence interval [CI]: —0.11 to —0.06,
p < 0.001; 1% = 96.5%; Figure 2). The LFK index for the Doi plots showed
no asymmetry, verifying the absence of publication bias (LFK
index = 0.17; Supporting Information Figure S1). Additionally, the sensitiv-
ity analyses indicated no modifications in the results after removing one
study at a time (Supporting Information Figure S2).

For each obesity-related indicator separately, meeting all 24-hour
movement recommendations was associated with a lower likelihood
of both overweight/obesity (OR = 0.65, 95% Cl: 0.56 to 0.76,
p < 0.001; 12 = 69.6%: Supporting Information Figure S3) and obesity
alone (OR = 0.28, 95% Cl: 0.16 to 0.50, p < 0.001; 1% = 74.9%; Sup-
porting Information Figure S4). Additionally, there was a negative rela-
tionship between 24-hour movement recommendations and BMI
(r = —0.08, 95% Cl: —0.13 to —0.02, p = 0.010; |2 = 82.8%; Support-
ing Information Figure S5), zBMI (r = —0.09, 95% Cl: —0.13 to —0.05,
p < 0.001; 12 = 89.4%: Supporting Information Figure S6), waist cir-
cumference (r= -0.18, 95% Cl: —-0.29 to -0.07, p=0.001;
12 = 95.3%; Supporting Information Figure S7), and body fat percent-
age (r = —0.15, 95% Cl: —0.23 to —0.06, p < 0.001; I? = 91.9%; Sup-
porting Information Figure S8 and Table 2).

Regarding subgroup analyses, the association between 24-hour
movement recommendations and overall obesity-related indicators
was similar regardless of sex (boys: r = —0.08, 95% Cl: —0.13 to
—0.02; girls: r=-0.09, 95% Cl: —0.15 to —0.03; p difference
between groups = 0.922) and comparison (meeting all three vs. not
meeting: r = —0.07, 95% Cl: —0.10 to —0.05; meeting all three
vs. none: r = —0.09, 95% Cl: —0.12 to —0.06; p difference between
groups = 0.422). In contrast, that association was higher in children
(r=-0.12,95% Cl: —0.16 to —0.08) and adolescents (r = —0.08, 95%
Cl: —0.14 to —0.02) in comparison with preschoolers (r = —0.05, 95%
Cl: —0.13 to 0.02; p difference between groups < 0.001; Table 2) and
using self-reported measures (r = —0.11, 95% Cl: —0.14 to —0.08) in
comparison with accelerometer-based measures (r = —0.06, 95% ClI:
—0.12 to —0.03) to assess 24-hour movement recommendations
(p difference between groups 0.045).

Regarding longitudinal design, meeting all three 24-hour move-
ment recommendations was not negatively associated with obesity-
related indicators (r= —0.04, 95% Cl: —0.13 to 0.06, p = 0.443;
12 = 92.1%; Supporting Information Figure S9). Additionally, the sen-
sitivity analyses indicated no modifications in the results after remov-
ing one study at a time (Supporting Information Figure S10). The LFK
index for the Doi plots showed asymmetry, verifying the presence of
publication bias (LFK index = 4.94; Supporting Information

Ol AAO . WILEYL *

Figure S11). There was no significant association between 24-hour
movement recommendations and zBMI (Supporting Information
Figure S12; Table 2).

DISCUSSION

Available evidence from 29 studies, including a total of 211,388 pre-
schoolers, children, and adolescents, showed that meeting all three
24-hour movement recommendations was associated with reduced
obesity-related indicators in cross-sectional studies. Likewise, this
result remained significant when segmented by sex (i.e., boys and
girls), comparison (i.e., meeting all three vs. not meeting or meeting all
three vs. none), and 24-hour movement behavior assessment (i.e.,
self-reported and accelerometer-based measures). Moreover, meeting
all the 24-hour movement recommendations was associated with
lower obesity-related indicators for all of the parameters analyzed
(i.e., excess weight, obesity, BMI, zBMI, waist circumference, and body
fat). Notwithstanding, the effect sizes found for all these associations
were small.

Overall, our findings are in line with the previous systematic
review by Rollo et al. [10] who suggested a favorable association
between meeting all three recommendations and obesity-related indi-
cators in all studies, including children and adolescents. Moreover, the
systematic review conducted by Saunders et al. [23] also found that
young people with high sleep duration, low sedentary behaviors, and
high physical activity had more desirable obesity-related indicators
than those who had the opposite combination. On the other hand, we
also found that meeting all three 24-hour movement recommenda-
tions was related to lower obesity-related indicators for all of the
parameters analyzed in cross-sectional studies (i.e., excess weight,
obesity, BMI, zBMI, waist circumference, and body fat). Our results
highlight the importance of 24-hour movement recommendations for
a healthier body composition during childhood and adolescence [64].
In contrast, although the information is limited to only five studies, we
did not observe a significant association with longitudinal outcomes.
This finding is contrary to that of Garcia-Hermoso et al. [65] who
found that adolescents who met all 24-hour movement recommenda-
tions had lower risk of abdominal obesity later in life. It should also be
noted that subgroup analyses revealed a stronger association between
meeting the 24-hour movement recommendations and obesity-
related indicators in children and adolescents compared with pre-
schoolers. These findings are consistent with a recent meta-analysis
that found no association between meeting the 24-hour movement
guidelines and adiposity in children under 5 years old [24]. One possi-
ble explanation could be that preschoolers may require repeated
exposure to movement behaviors over time for associations with out-
comes such as obesity-related indicators to manifest themselves [45].

There are a few reasons that might be used to support these find-
ings. Because one movement behavior might replace an equal length
of time for one (or more) of the others, codependence between move-
ment behaviors is the most likely explanation for our findings [66]

(e.g., sedentary behavior may displace sleep duration, physical activity,
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or both). For instance, when a physically active lifestyle is changed to
a more sedentary lifestyle in later life, the amount of energy consumed
is reduced [67], which could lead to an increase in obesity-related indi-
cators. Furthermore, high physical activity [68] and low sedentary
behavior (particularly screen time) [69] individually, as well as meeting
24-hour movement recommendations in combination [70], have been
associated with higher and lower sleep quality, respectively. Thus, a
meta-analysis by Fatima et al. [71] found that poor sleep quality was
related to excess weight among the young population. Inadequate
sleep time also was associated with lower basal metabolic rate, lower
physical activity, and higher sedentary behaviors in children [72]. Simi-
larly, short sleep duration was shown to considerably raise the risk of
obesity in a dose-response manner [21] because of metabolic and
endocrine changes and increased appetite, which could lead to higher
caloric consumption, greater systemic inflammation, and reduced
physical activity associated with daytime sleepiness [73]. Another pos-
sible explanation is that healthy behaviors (e.g., healthy eating pat-
terns and 24-hour movement behaviors) tend to be clustered among
children and adolescents [74]. Thus, 24-hour movement recommenda-
tions seem to interact with food intake [75-77] and with diet quality
[78, 79]. Additionally, high screen time and inadequate sleep duration
have both been shown to increase food intake [75, 76], whereas regu-
lar physical activity may help to control appetite [77]. It is possible that
meeting 24-hour movement recommendations favors a higher diet
quality, which was suggested as a relevant health-related behavior to
end childhood obesity by the World Health Organization [80].

Importantly, subgroup analyses showed that the relationship
between meeting all three 24-hour movement recommendations and
lower obesity-related indicators was maintained according to sex
(i.e., boys and girls), comparison (i.e., meeting all three vs. not meeting
or meeting all three vs. none), and 24-hour movement behavior
assessment (i.e., self-reported and accelerometer-based measures).
Despite the differences between sexes [15] and the decreasing trend
from preschool to adolescence [15] in meeting overall 24-hour move-
ment recommendations, our results suggest that children and adoles-
cents with an adequate combination of all three 24-hour movement
recommendations (i.e., high physical activity, low sedentary behavior,
and sufficient sleep) could have lower levels of obesity-related indica-
tors, regardless of their sex. Given that the need to integrate sex- and
age-specific strategies to help young people develop and maintain
health over time has been emphasized [10, 15], these results call for
the promotion of 24-hour movement recommendations for obesity
prevention in young people [64].

It is important to recognize the limitations of the current investi-
gation. First, a causal association cannot be established because the
majority of the included studies are cross-sectional in nature. Addi-
tional longitudinal and intervention research is necessary to confirm
the causation of these connections. Second, approximately half of the
studies assessed physical activity levels and/or sleep duration using
self-reported measures; as a result, both recollection bias and social
desirability may have affected the results. Third, only 4% of the sample
was made up of preschoolers. More research on this association in this

age group therefore seems to be needed. Future research should look

at the duration of sleep and device-based physical activity to obtain a
better understanding of this association. Fourth, although various
studies include self-reported assessments of movement behaviors
(i.e., physical activity and sleep), sensitivity analysis shows similar asso-
ciations using objective measures. Finally, the small effect sizes in
addition to their high heterogeneity make it necessary to interpret the
obtained results with caution. The key strength of our study is that no
prior meta-analysis has determined the pooled estimation of fulfilling

all of these (non)movement behaviors on obesity-related indicators.

CONCLUSION

Meeting all 24-hour movement recommendations may be a crucial
factor in maintaining a healthy weight status in the young population.
Our findings highlight that all components of the 24-hour movement
continuum should be addressed jointly to prevent overweight and
obesity from early childhood to adolescence [65], which is one of the
greatest challenges to public health in the 21st century [1].0
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