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Abstract

Background: Meeting daily guidelines for physical activity, screen time, and sleep duration is associated with a host
of health indicators for youth. In this cross-sectional observational study, we investigated the associations between
adherence to the movement guidelines and health-related outcomes among youth with autism spectrum disorder
(ASD).

Methods: Parents of youth with ASD (10-17 years) from seven countries and regions were invited to provide
online proxy-reports for child’s movement behaviors (i.e., physical activity, sleep and screen time), and health-related
outcomes (i.e, body mass index [BMI], general health, and quality of life). A series of multiple linear regression analy-
ses were used to examine the associations between meeting movement guidelines and health-related outcomes,
adjusted for covariates.

Results: The final sample consisted of 1165 youth with ASD. Compared with youth meeting all three guidelines, a
higher BMI z-score was observed in those who met no guidelines (B=0.62, P=0.04), "sedentary time only” (B=0.60,
P=0.047), and “physical activity plus sleep only” (B=0.85, P=0.04). Compared with meeting all three guidelines,
meeting no guidelines was associated with poorer general health (B=— 0.46, P=0.02). Further, compared with youth
meeting all three guidelines, a lower quality of life score was observed in those who met no guidelines (B=—10.47,
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P=0.02) and “physical activity only” (B=—0.62, P=10.03). Lastly, there were dose—response associations between the
number of guidelines met and all three health-related outcomes (all Pyong < 0.05).

Conclusions: In conclusion, meeting more 24-h movement guidelines was generally associated with more favorable

health-related outcomes in youth with ASD. The low level of adherence to all three guidelines (2.0%) suggests the
urgent need to promote the adoption of all the guidelines in this group.

Keywords: Movement behavior, Adolescent, Disability, Physical activity, Screen time, Sleep

Background

Physical activity, sedentary behavior, and sleep are impor-
tant modifiable behaviors that can impact the physical
and psychological health of youth [1-4]. Traditionally
studied in isolation, the importance of considering these
three movement behaviors has been increasingly rec-
ognized by public health communities [4, 5]. The inte-
grated 24-h movement paradigm recognizes that physical
activity, sedentary behavior, and sleep are codependent
health-enhancing behaviors that fall on a movement to
nonmovement continuum, and together account for a
24-h daily cycle [3, 4]. Reflecting the collective, integra-
tive nature of these movement behaviors, Tremblay and
colleagues [4] proposed a 24-h movement framework,
which includes the following daily guidelines for children
and youth aged 5-17 years: (a) > 60 min of moderate-to-
vigorous physical activity, (b) <120 min of recreational
screen time, and (c) 9 to 11 h of sleep per night for those
aged 5-13 years, or 8 to 10 h of sleep per night for those
aged 14-17 years. Current research demonstrates that
meeting all three movement guidelines can have multi-
plicative effects, above and beyond meeting none or one
guideline in isolation, on physiological (e.g., body mass
index [BMI], systolic and diastolic blood pressure) and
psychological (e.g., well-being, depression) outcomes [2,
3, 6-9]. However, alarmingly small proportions of youth
appear to be meeting each of these guidelines. For exam-
ple, Roman-Vinas and colleagues [6] examined the adher-
ence to the three 24-h movement guidelines among 6,128
children and youth aged 9-11 years from 12 countries
and found that just 7.2% of the total sample met all three
guidelines, whereas 19% met none.

While research examining the prevalence and benefits
of meeting multiple 24-h movement guidelines among
youth is emerging [4, 5], the extension of this integrated
framework to study the health behaviors among youth
with disabilities, such as those with autism spectrum
disorder (ASD), is limited. To date, studies have demon-
strated that youth with ASD tend to engage in inadequate
amounts of physical activity [10-13] and sleep [14, 15],
and an overabundance of recreational screen time [16,
17], which may lead to undesirable physical and psycho-
logical outcomes, such as overweight or obesity [11, 18,
19], health concerns [19, 20], and poor quality of life [20,

21]. However, these studies have largely explored move-
ment behaviors in isolation, and few have explored the
prevalence of meeting multiple 24-h movement guide-
lines among youth with ASD. To the knowledge of the
authors, only two studies, each contextualized in the US,
have examined proportions of youth with ASD meet-
ing the 24-h movement guidelines [22, 23]. For instance,
Healy and colleagues [22] utilized data from 1008 youth
with ASD from the 2016 National Survey of Children’s
Health (NSCH) to examine adherence to the 24-h move-
ment guidelines, and identified that 6.5% children (ages
6—12 years) and 4.4% adolescents (ages 13—17 years) met
all guidelines, whereas about 12% of both groups met
none. In a second analysis of the 2016 NSCH in the US,
just 2.6% of 746 youth with ASD aged 10-17 years were
identified as meeting all three guidelines concurrently,
whereas 19.9% met no guidelines [23].

Although empirical data supports the integrative ben-
efits of meeting the 24-h movement guidelines for physi-
ological and psychological health indices among youth
without disabilities [4, 5], support for the extension of this
framework to at-risk groups, such as youth with ASD, is
warranted. Examining the associations between meet-
ing the 24-h movement guidelines and health indices can
help inform prioritization and resource allocation, and
guide health promotion in general, and specifically for
youth with ASD. Taken together, in this cross-sectional
study, we aimed first to examine the prevalence of meet-
ing individual and combined guidelines for physical
activity, screen time, and sleep duration among youth
with ASD in seven countries and regions. Secondly, we
aimed to examine associations between meeting none,
one, two, or three of the 24-h movement guidelines and
three health-related outcomes (i.e., BMI, general health,
and quality of life) among youth with ASD.

Methods

Study design

This cross-sectional survey was conducted across seven
countries and regions: Brazil, Finland, Hong Kong, Main-
land China, Singapore, South Korea, and the US. Eth-
ics approval was obtained from the Human Research
Ethics Committee of the Education University of Hong
Kong, Hong Kong SAR (Ref. no. A2019-2020-0431). For
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participating universities or institutions in other coun-
tries/regions, local research ethics guidelines were fol-
lowed if required.

Sampling and procedures

A standardized study protocol was followed. Conveni-
ence samples from each identified country/region were
recruited through ASD associations, direct contact with
special school principals, and social media. Participants
were parents or guardians of youth with ASD. To be eligi-
ble for the present study, parents had to have a child with
ASD who met the following criteria: (a) had doctor-diag-
nosed ASD; (b) aged 10 to 17 years; and (c) lived in one of
the seven countries or regions.

Parents who were interested in participation were pro-
vided a URL link to an online survey package. In total,
1580 parents entered the online survey after reading an
information sheet and providing electronic informed
consent. Of those, 1210 (77%) continued responding to
survey questions, whereas 370 (23%) exited the survey
after completing informed consent without answering
questions, submitting blank forms. All data were col-
lected between 18 August 2020 and 30 April 2021.

Measures and variables

All the survey items, if not otherwise specified, were
adopted from the 2018 NSCH [24]. These NSCH items
had been used previously in studies examining health
behaviors via parent proxy-report of children with ASD
[22, 23]. The survey form was initially prepared in English
language and was translated into different languages fol-
lowing the standardized translation procedure [25]. The
procedure involved an iterative process of translation
and back-translation. For quality control, a standardized
translation protocol was prepared and followed by the
research team.

Demographics

The diagnosis of ASD was measured using one question,
“Has a doctor or other health care provider ever told you
that your child has Autism or Autism Spectrum Disor-
der?”. Parents rated this question on a binary scale (yes,
no). If the answer was “yes’, parents were required to
rate the severity of ASD (i.e., mild, moderate, or severe).
Parents also reported their child’s age, sex, height, and
weight.

Outcomes

Three variables (i.e., BMI, general health, and quality of
life) were identified as outcome variables for this study.
Proxy-report of child’s height and weight information
was converted to age- and gender-specific BMI z-scores
(zBMI) following the World Health Organization (WHO)
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growth standards [26]. zBMI was further categorized
into underweight (<5th percentile), healthy weight (5th
to 84th percentile), overweight (85th to 94th percentile),
and obesity (> 95th percentile).

General health was measured using one question, “In
general, how would you describe this child’s health?”
Parents rated this question on a 5-point Likert scale
(I1="excellent’, 5="“poor”) with responses reversely
coded, so that higher scores represented better general
health. Quality of life was assessed using one question, “Is
this child satisfied with his/her life?”, which was adopted
from previous research [27]. Parents rated this question
on a 5-point Likert scale (1="not at all’} 5="totally”),
and a higher score represented a greater level of quality
of life.

Predictors

Physical activity was measured using the question, “Dur-
ing the past week, on how many days did this child exer-
cise, play a sport, or participate in physical activity for at
least 60 min?”. Response options were: “0 days’, “1 day’,
“2 days’, “3 days’, “4 days’, “5 days’, “6 days’, and “every-
day” Sleep was assessed using the question, “During the
past week, how many hours of sleep did this child get on
an average weeknight?” Response options were: “less than
6 h),“6 W), “7h; “8 h; “9h; “10 b’} “11 h’; and “12 or more
hours” Screen time was measured using the question,
“On average, how many total hours per day did your child
watch TV, use the computer, use social media and inac-
tive play video games, during their free time over the last
week?” [28]. The latter question had been used by parents
to report their children’s screen time in a national survey
[28]. Response options were: “none’; “less than 1 b’} “1 I’
“2 h’ “3 b, and “4 or more hours”.

Responses to each movement behavior variable was
dichotomized into “meeting the guideline” vs. “not meet-
ing the guideline” [4, 29, 30]. Specifically, meeting the
guideline refers to reporting physical activity for at least
60 min “everyday’, screen time for “2 h per day or less” [4,
29], and sleep for “8 to 10 h” for 14—17 years and “9 h to
11 h” for 10-13 years [4, 30].

Statistical analyses

Statistical analyses were performed with SPSS (Ver-
sion 25, IBM; Armonk, New York). First, we removed
incomplete observations and continuous outliers
(2>3.29 or z<—3.29). Second, descriptive statistics,
means (M) and standard deviation (SD), or frequencies
and percentages, were calculated for each continuous
and categorical variable. Third, a series of multiple lin-
ear regression analyses were conducted to determine
the associations between (a) number of 24-h move-
ment guidelines met and (b) specific combinations



Li et al. Child and Adolescent Psychiatry and Mental Health

of guidelines met with each health-related outcome,
adjusted for age, sex, physician-rated severity of ASD,
and country/region [31-34]. Meeting all three guide-
lines was used as the reference group. Lastly, several
trend analyses were conducted to determine whether
meeting more guidelines was associated with more
favorable outcomes. All regression models were
adjusted for country, age, gender, and severity level of
ASD. Statistical significance was set at P <0.05.

Table 1 Demographic characteristics and descriptive statistics
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Results
Descriptive data
Initially, a total of 1210 youth with ASD from seven coun-
tries or regions met the inclusion criteria and submitted
survey responses. After removing incomplete observa-
tions and outliers, a final sample of 1165 youth with ASD
were included for analysis. Table 1 presents participant
demographics and descriptive statistics. The sample had
a mean age of 13.1 years (SD=2.2), with approximately
one-quarter being female (24.4%) and around half having
mild ASD (48.8%).

According to the 24-h movement guidelines, only
a small proportion of the sample (7.2%, range=1.5%

Characteristics  Overall® Brazil Finland Hong Kong Mainland Singapore South Korea  US (n=286)
(n=1,165) (n=228) (n=278) (n=96) China (n=89) (n=202)
(n =1 86)
Age, year 13.08 (2.18) 13.01 (2.09) 13.34 (2.06) 13.50 (2.50) 1243 (2.15) 13.20 (2.62) 13.01 (2.06) 13.34 (2.01)
(10-17)
Gender
Male 881 (75.6%) 199 (87.3%) 185 (66.5%) 85 (88.5%) 153 (82.3%) 71 (79.8%) 125 (61.9%) 63 (73.3%)
Female 284 (24.4%) 29 (12.7%) 93 (33.5%) 1(11.5%) 33 (17.7%) 18 (20.2%) 77 (38.1%) 23 (26.7%)
Severity level of ASD
Mild 568 (48.8%) 132 (57.9%) 140 (50.4%) 67 (69.8%) 54 (29.0%) 46 (51.7%) 92 (45.5%) 37 (43.0%)
Moderate or 597 (51.2%) 96 (42.1%) 138 (49.6%) 29 (30.2%) 132 (71.0%) 43 (48.3%) 110 (54.5%) 49 (57.0%)
severe
Physical activity guideline
Yes 84 (7.2%) 9 (3.9%) 26 (9.4%) 6 (6.3%) 28 (15.1%) 7 (7.9%) 3(1.5%) 5(5.8%)
Screen time guideline
Yes 540 (46.4%) 46 (20.2%) 77 (27.7%) 43 (44.8%) 143 (76.9%) 39 (43.8%) 164 (81.2%) 28 (32.6%)
Sleep guideline
Yes 651 (55.9%) 139 (61.0%) 189 (68.0%) 48 (50%) 84 (45.2%) 39 (43.8%) 104 (51.5%) 48 (55.8%)
Number of guidelines meet
None 251 (21.5%) ( .1%) 63 (22.7%) 26 (27.1%) 22(11.8%) (33 7%) 21 (10.4%) 25(29.1%)
One of three 576 (49.4%) 7 (60.1%) 146 (52.5%) 43 (44.8%) 83 (44.6%) 5(39.3%) 91 (45.0%) 41 (47.7%)
Two of three 315 (27.0%) 24 (10.5%) 61(21.9%) 7 (28.1%) 71 (38.2%) 2 (24.7%) 90 (44.6%) 0(23.3%)
All three 23 (2.0%) 3(1.3%) 8 (2.9%) (O%) 0 (5.4%) ( 2%) 0 (0%) 0 (0%)
BMI z-score 0.60 (1.38) 0.90 (1.35) 0.50(1.42) 0.56 (1.26) 0.53(1.48) 0.24 (1.59) 0.60 (1.06) 0.71 (1.53)
Body weight status
Underweight 76 (6.5%) 9 (3.9%) 20 (7.2%) 4 (4.2%) 17 (9.1%) 13 (14.6%) 3(1.5%) 10 (11.6%)
Normal 611 (52.4%) 97 (42.5%) 152 (54.7%) 50 (52.1%) 88 (47.3%) 47 (52.8%) 142 (70.3%) 35 (40.7%)
weight
Overweight 194 (16.7%) 50 (21.9%) 37 (13.3%) 21 (21.9%) 38 (20.4%) 1(12.4%) 24 (11.9%) 13 (15.1%)
Obesity 284 (24.4%) 72 (31.6%) 69 (24.8%) 21 (21.9%) 43 (23.1%) 18 (20.2%) 33(16.3%) 28 (32.6%)
Geneara\ health 327(0.97) 3.66 (0.93) 3.28(0.94) 2.92(0.88) 2.56(0.89) 326 (0.95) 351(0.77) 3.57(091)
(1-5)
Quality of life 3.33(0.93) 3.50(1.00) 3.29(0.94) 3.43(0.95) 3.22(0.92) 3.54(0.88) 3.03(0.78) 3.59(0.83)

(-5

ASD: autism spectrum disorder; BMI: body mass index
2 Possible range

b Values are mean (SD) or n (%)
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[South Korea] to 15.1% [Mainland China]) met the physi-
cal activity guideline. On average, around half of the sam-
ple met the screen time guideline (46.4%, range =20.2%
[Brazil] to 81.2% [South Korea]) and the sleep guide-
line (55.9%, range=43.8% [Singapore] to 68.0% [Fin-
land]). The largest proportion of youth met only one
guideline (49.4%, range=39.3% [Singapore] to 60.1%
[Brazil]), followed by meeting two (27%, range=10.5%
[Brazil] to 44.6% [South Korea]) and zero guidelines
(21.5%, range=10.4% [South Korea] to 33.7% [Singa-
pore]). Only 2% of the sample met all three guidelines.
Particularly, none of the youth with ASD from Hong
Kong, South Korea, and the US met all three guidelines.
Regarding body weight status, 16.7% of the sample were
overweight (range =11.9% [South Korea] to 21.9% [Hong
Kong]) and 24.4% were obese (range=16.3% [South
Korea] to 32.6% [US]). We found a moderate level of
general health (M=3.27, SD=0.97, range=2.92 [Hong
Kong] to 3.66 [Brazil]) and quality of life (M=3.33,
SD =0.93, range =3.03 [South Korea] to 3.59 [US]).

Associations between meeting the guidelines

and outcomes

Table 2 presents the associations between meeting
the 24-h movement guidelines and health-related out-
comes. Compared to youth meeting all three guide-
lines, those who met no guidelines had significantly
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higher zBMI (B=0.63, 95% CI [0.05, 1.22], P=0.04) as
well as lower general health (B=—0.45, 95% CI [— 0.83,
—0.06], P=0.02) and quality of life (B=—0.46, 95% CI
[—0.85, —0.07], P=0.02).

Regarding the associations between specific com-
binations of guidelines met and outcomes, meeting
“none” (B=0.62, 95% CI [0.03, 1.21], P=0.04), “seden-
tary time only” (B=0.60, 95% CI [0.01, 1.19], P=0.047)
and “physical activity plus sleep only” (B=0.85, 95% CI
[0.05, 1.66], P=0.04) were significantly associated with
higher zBMI than meeting all three guidelines. None
of the associations between specific combinations of
guidelines met and general health were statistically
significant except for the comparison between “none”
and “all three” (B=-—0.46, 95% CI [—0.84, —0.08],
P=0.02). Meeting no guidelines (B=-0.47, 95% CI
[—0.86, —0.08], P=0.02) and “physical activity only”
(B=-0.62,95% CI [—1.19, —0.05], P=0.03) were sig-
nificantly associated with a lower quality of life level as
compared to meeting all three guidelines.

Finally, the results of the trend analysis suggested
a significant dose—response association between the
number of guidelines met and (a) zBMI (B=—0.11, 95%
CI [—0.22, —0.004], P, 4=0.04, R?=3.9%), (b) qual-
ity of life (B=0.16, 95% CI [0.09, 0.23], P, q<0.001,
R?*=6.3%), and (c) general health (B=0.14, 95% CI
[0.07, 0.21], Pyyopq < 0.001, R*=16.8%).

Table 2 Associations between meeting movement guidelines and health-related outcomes

BMI z-score

General health Quality of life

B (95%Cl) P

B (95%Cl) P B (95%Cl) P

Number of guidelines (n)

None (251) 0.63 (0.05,1.22) 0.04 —0.45(—0.83,—0.06) 0.02 —0.46 (—0.85,—0.07) 0.02
One of three (576) 0.55(—=0.03,1.12) 0.06 —0.24(—=061,0.14) 022 —036(—0.74,0.02) 0.06
Two of three (315) 046 (—0.12,1.04) 0.12 —0.16 (—0.54,0.22) 041 —0.15(—0.53,0.24) 0.46
All three (23) Reference Reference Reference

Trend analysis —0.11(-0.22, — 0.004) 0.04 0.14(0.07,0.21) <0.001 0.16 (0.09, 0.23) <0.001
R 3.9% 16.8% 6.3%

Specific combinations of guidelines (n)

None (251) 0.62(0.03, 1.21) 0.04 —0.46(—0.84, —0.08) 0.02 —-0.47 (—0.86, —0.08) 0.02
Physical activity only (17) 0.18 (—0.68, 1.04) 068 0.29(—0.27,085) 030 -—0.62(—1.19, —0.05) 0.03
Sleep only (336) 0.51(—0.07,1.10) 0.09 —0.31(=0.69,0.07) 011 —038(—0.77,0.01) 0.054
Sedentary time only (223) 0.60 (0.01, 1.19) 0.047 —0.19(—0.57,0.20) 034 —033(=0.73,0.06) 0.10
Physical activity + sleep only (21) 0.85 (0.05, 1.66) 0.04 0.29(—0.24,082) 028 —0.10(—0.64,0.44) 0.72
Physical activity + sedentary time only (23) 0.70 (—0.09, 1.49) 008 0.11(—=040,0.63) 066 0.05(—048,0.57) 0.87
Sleep + sedentary time only (271) 0.40 (—0.18,0.99) 018 —0.22(=061,0.16) 025 —0.17(—056,0.22) 039
All three (23) Reference Reference Reference

R 4.3% 18.1% 6.5%

ASD: autism spectrum disorder; BMI: body mass index; B: unstandardized coefficients; Cl: confidence interval
All models are adjusted for country, age, gender, and severity level of ASD. Statistically significant associations (P < 0.05) are highlighted in bold
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Discussion

A focus on the integrative nature of the 24-h move-
ment behaviors has represented a paradigm shift which
reflects the concept that “the whole day matters” [4] for
health promotion. This contemporary framework is sup-
ported by an emerging body of literature suggesting that
meeting physical activity, screen time, and sleep dura-
tion guidelines can have synergistic benefits for youth
[2, 3, 6-9]. The current study extends this contemporary
framework to youth with ASD across seven countries or
regions. Overall, only 2% of the sample (range=0% to
5.4%) in this study met all three 24-h movement guide-
lines. This figure is substantially smaller than adherence
estimates among youth without ASD, such as the 7.2%
reported by Roman-Vinas and colleagues in their inter-
national sample [6], and it is consistent with low adher-
ence rates reported for youth with ASD in the US [23].
This trend appears consistent across countries or regions
included in this analysis, with less than 3% of samples
from six of the seven countries or regions meeting all
three 24-h movement guidelines. Mainland China is the
exception, in this instance, where 5.4% of participants
met all three guidelines, a rate that is nearly double that
of any other country or region included in this analysis.
Interestingly, in this study participants from Mainland
China are also among the highest adherers to both the
physical activity and screen time guidelines, which per-
haps results from specific cultural values, social norms,
and educational systems [35]. On the other hand, some
countries or regions (i.e., Hong Kong, South Korea, and
the US) had zero participants meet one of the three
guidelines, highlighting the significance of recruiting par-
ticipants from different centers. Failure to meet all three
24-h movement guidelines, as is the case for approxi-
mately 98% of the total sample in the current study, may
influence high rates of physical or mental health concerns
among youth with ASD [2, 3, 6-9]. For example, high
rates of overweight and obesity have been found among
youth with ASD [18, 19], including 41% among the cur-
rent sample. It should be noted that the usage of psycho-
tropic medications was not considered in the present
survey. These medications may have negative influences
on body weight gain in youth with ASD [36]. Overall,
these findings reinforce the need to develop, test, and
implement intervention programs that seek to improve
the patterns of physical activity, sedentary behavior, and
sleep in youth with ASD.

The present analysis allows us to identify specific health
behaviors most in need of intervention. As such, of par-
ticular concern for youth with ASD is the low level of
adherence to the physical activity guideline. That is, while
approximately half of the total sample met screen time
(46.4%) and sleep duration (55.9%) guidelines, only 7.2%
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met the physical activity guideline. This figure is gener-
ally lower than those reported among children and youth
without disabilities [3, 6, 9]. Across countries or regions,
this figure ranged from just 1.5% in South Korea to 15.1%
in Mainland China. This finding may not be surprising,
though, as prior analyses situated in this paradigm have
identified that meeting the physical activity guideline is
the biggest concern for youth with disabilities [37, 38],
including those with ASD [22]. In addition, a multitude
of studies have identified that by adolescence, youth with
ASD tend not to engage in regular physical activity, par-
ticularly when compared to peers without disabilities
[10-12, 16, 39]. A plethora of factors have been identi-
fied that may contribute to low physical activity engage-
ment among adolescents with ASD, including time and
financial constraints, a lack of opportunities, and social
barriers associated with the stress that arises from engag-
ing in and initiating social interactions during activities
[16, 40]. Taken together, the current study along with
prior research [10-12, 22, 37, 39] make it clear that
adherence to physical activity guidelines is problematic
for youth with ASD. Therefore, physical activity engage-
ment should be the focus of behavioral interventions to
improve the health of this population.

A growing body of research has shown that while a
minority of youth meet all three 24-h movement guide-
lines, meeting those behaviors is associated with favora-
ble physiological and psychological health outcomes [2,
3, 7-9]. The current study is the first to extend this line
of inquiry to youth with ASD. Consistent with prior
research on youth without disabilities [7-9], as well as
those with disabilities broadly defined [35], participants
in this analysis who met all three 24-h movement guide-
lines had more favorable zBMI scores, general health
scores, and quality of life scores than those meeting none
of the guidelines. In addition, dose—response associations
between the number of guidelines met and zBMI, general
health, and quality of life were evident. These findings
are important, as they suggest that adhering to the 24-h
movement guidelines may help reduce prevalent psycho-
logical and physical health issues previously identified
among youth with ASD [18-20].

This study had several strengths, including an inter-
national sample of youth with ASD from culturally and
geographically diverse countries and regions and the
number of health-related outcomes examined in this
understudied group. However, several limitations need
to be acknowledged. First, our study, based on the con-
venience sample, is subject to selection bias. Also, the
difference in the number of participants among coun-
tries may partly reflect response bias. Therefore, one
may not be able to infer our findings to the popula-
tions of youth with ASD aged 10 to 17. However, it is
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important to note that recruitment of participants with
ASD could be challenging. A recent systematic review
of correlates of physical activity and sedentary behav-
ior found that the average sample size across included
studies was 41 children and youth with ASD [41]. Sec-
ond, a cross-sectional design does not allow us to make
casual inferences on the associations between adher-
ence to the 24-h movement guidelines and health-
related outcomes. In fact, research centered on youth
without disabilities supports assertions that overweight
and obesity could have a bi-directional association
with selected health behaviors (e.g., physical activ-
ity, screen time) [42]. However, longitudinal analyses
examining these bi-directional associations among
youth with ASD are unavailable. Future studies should
consider prospective or experimental study design to
better infer causality. Finally, parental proxy-reports are
prone to response bias, particularly with socially desira-
ble constructs such as physical activity or weight status
[43]. However, it is worth noting that proxy-report has
been commonly used in public health surveillance (e.g.,
NSCH). Future work should consider supplementing
proxy reports with objective measures, such as acceler-
ometers, to improve measurement validity and capture
further information, such as the timing of movement
behaviors and the intensity of physical activity.

Conclusions

In conclusion, this study demonstrated dose—response
relationships between the number of 24-h guidelines met
and more favorable health-related outcomes in an inter-
national (7-country/region) sample of youth with ASD.
The low adherence to all three guidelines, and in particu-
lar physical activity, and the strong association between
guideline adherence and health-related outcomes, sug-
gest the pressing need to promote the adoption of all the
guidelines in youth with ASD.

Abbreviations

ASD: Autism spectrum disorder; BMI: Body mass index; NSCH: National Survey
of Children’s Health; WHO: World Health Organization; B: Unstandardized coef-
ficients; Cl: Confidence interval.

Acknowledgements

The authors would like to thank all the participants for their participation, as
well as all the organizations who helped with the recruitment of participants
in this important research.

Author contributions

CL, JAH, and FS conceptualized the study. CL, JAH, FS, JL, SH and DD devel-
oped the questionnaire. CL performed the statistical analysis. CL, JAH, and FS
interpreted the data and wrote the first draft. CL, JAH, FS, MLTA, SHCA, JL, KN,
IdSA, SH, WYH, PR, JSYT, YW, HY, EK, HM, and ALS collected the data. All authors
reviewed and edited the manuscript. All authors read and approved the final
manuscript.

(2022) 16:50

Page 7 of 8

Funding

CL and YW are both partially supported by the National Social Science Fund

in China (20BTY027). JAH and SH are both partially supported by a grant from
the US Department of Education (H325H190001). FS is partially supported by
grants from the Faculty of Liberal Arts and Social Sciences (02140) and Depart-
ment of Health and Physical Education (04585). However, the contents do not
necessarily represent the policy of the funding agencies, and endorsement by
the governing parties should not be assumed.

Availability of data and materials
Data described in this manuscript, code book, and analytic code will be made
available upon request pending approval of a data use agreement.

Declarations

Ethics approval and consent to participate

Ethics approval was obtained from one of the co-principle investigators’
Human Research Ethics Committee of the Education University of Hong Kong,
Hong Kong SAR (Ref. no. A2019-2020-0431). For participating universities or
institutions in other countries/regions, local research ethics guidelines were
followed. All participants provided informed consent.

Consent for publication
Not applicable.

Competing interests
Authors have no competing interests.

Author details

'School of Physical Education & Sports Science, South China Normal Univer-
sity, Guangzhou, China. ?Adapted Physical Activity 4 Laboratory, South China
Normal University, Guangzhou, China. >Department of Human Movement
Sciences, Old Dominion University, Norfolk, United States. “Center for Move-
ment, Health, & Disability, Old Dominion University, Norfolk, United States.
>Department of Health and Physical Education, The Education University

of Hong Kong, Hong Kong SAR, China. ®Faculty of Physical Education, Univer-
sity of Campinas, S&o Paulo, Brazil. ’Sport Singapore, Singapore, Singapore.
8Department of Kinesiology, San José State University, San Jose, United States.
°Physical Activity for Health Research Cluster, Department of Physical Educa-
tion and Sport Sciences, University of Limerick, Limerick, Ireland. '°Faculty

of Education, University of Turku, Rauma, Finland. ' School of Educational
Sciences and Psychology, University of Eastern Finland, Joensuu, Finland.
12School of Nursing, Psychotherapy and Community Health, Dublin City Uni-
versity, Dublin, Ireland. '*Department of Sport, Physical Education and Health,
Hong Kong Baptist University, Hong Kong SAR, China. '*Faculty of Sport

and Health Sciences, University of Jyvaskyld, Jyvaskyla, Finland. '°School

of Sports, Health and Leisure, Republic Polytechnic, Singapore, Singapore.
18School of Physical Education & Sports Science, Fujian Normal University,
Fuzhou, China. '"Department of Adapted Physical Education, Baekseok
University, Cheonan-si, South Korea. '®Department of Kinesiology and Health,
Georgia State University, Atlanta, United States. '°Sydney School of Public
Health, Faculty of Medicine and Health, The University of Sydney, New South
Wales, Australia.

Received: 15 January 2022 Accepted: 14 June 2022
Published online: 23 June 2022

References

1. Fatima, Doi SAR, Mamun AA. Longitudinal impact of sleep on over-
weight and obesity in children and adolescents: a systematic review and
bias-adjusted meta-analysis. Obes Rev. 2015;16(2):137-49.

2. Zhu X, Haegele JA, Healy S. Movement and mental health: behavioral cor-
relates of anxiety and depression among children of 6-17 years old in the
US. Ment Health Phys Act. 2019;16:60-5.

3. Zhu X, Healy S, Haegele JA, Patterson F. Twenty-four-hour movement
guidelines and body weight in youth. J Pediatr. 2020;218:204-9.

4. Tremblay MS, Carson V, Chaput J-P, Connor Gorber S, Dinh T, Duggan M,
et al. Canadian 24-hour movement guidelines for children and youth:



Li et al. Child and Adolescent Psychiatry and Mental Health

20.

21

22.

23.

24.

an integration of physical activity, sedentary behaviour, and sleep. Appl
Physiol Nutr Metab. 2016;41(6 Suppl 3):5311-27.

Hidding LM, Chinapaw MJM, Belmon LS, Altenburg TM. Co-creating a
24-hour movement behavior tool together with 9-12-year-old children
using mixed-methods: MyDailyMoves. Int J Behav Nutr Phys Act.
2020;17(1):63.

Roman-Vinas B, Chaput J-P, Katzmarzyk PT, Fogelholm M, Lambert EV,
Maher C, et al. Proportion of children meeting recommendations for
24-hour movement guidelines and associations with adiposity in a
12-country study. Int J Behav Nutr Phys Act. 2016;13(1):123.

Hinkley T, Timperio A, Watson A, Duckham RL, Okely AD, Cliff D, et al. Pro-
spective associations with physiological, psychosocial and educational
outcomes of meeting Australian 24-Hour Movement Guidelines for the
Early Years. Int J Behav Nutr Phys Act. 2020;17(1):36.

Brown DM, Cairney J, Kwan MY. Adolescent movement behaviour profiles
are associated with indicators of mental wellbeing. Ment Health Phys Act.
2021,20:100387.

Carson V, Chaput J-P, Janssen |, Tremblay MS. Health associations with
meeting new 24-hour movement guidelines for Canadian children and
youth. Prev Med. 2017,95:7-13.

Ayvazoglu NR, Kozub FM, Butera G, Murray MJ. Determinants and chal-
lenges in physical activity participation in families with children with high
functioning autism spectrum disorders from a family systems perspec-
tive. Res Dev Disabil. 2015;47:93-105.

. McCoy SM, Morgan K. Obesity, physical activity, and sedentary behaviors

in adolescents with autism spectrum disorder compared with typically
developing peers. Autism. 2020;24(2):387-99.

Healy S, Haegele JA, Grenier M, Garcia JM. Physical activity, screen-time
behavior, and obesity among 13-year olds in Ireland with and without
autism spectrum disorder. J Autism Dev Disord. 2017;47(1):49-57.

Pan C-Y, Tsai C-L, Chu C-H, Sung M-C, Ma W-Y, Huang C-Y. Objectively
measured physical activity and health-related physical fitness in second-
ary school-aged male students with Autism Spectrum Disorders. Phys
Ther. 2016;96(4):511-20.

Liu X, Hubbard JA, Fabes RA, Adam JB. Sleep disturbances and correlates
of children with autism spectrum disorders. Child Psychiatry Hum Dev.
2006;37(2):179-91.

Reynolds AM, Malow BA. Sleep and autism spectrum disorders. Pediatr
Clin North Am. 2011;58(3):685-98.

Dahlgren J, Healy S, MacDonald M, Geldhof J, Palmiere K, Haegele JA.
Physical activity and screen time among youth with autism: a longitudi-
nal analysis from 9 to 18 years. Autism. 2021;25(4):1090-9.

MacMullin JA, Lunsky Y, Weiss JA. Plugged in: electronics use in youth and
young adults with autism spectrum disorder. Autism. 2016;20(1):45-54.
Healy S, Aigner CJ, Haegele JA. Prevalence of overweight and

obesity among US youth with autism spectrum disorder. Autism.
2019;23(4):1046-50.

Matheson BE, Douglas JM. Overweight and obesity in children with
Autism Spectrum Disorder (ASD): a critical review investigating the etiol-
ogy, development, and maintenance of this relationship. Rev J Autism
Dev Disord. 2017;4(2):142-56.

Franke KB, Hills K, Huebner ES, Flory K. Life satisfaction in adolescents with
autism spectrum disorder. J Autism Dev Disord. 2019;49(3):1205-18.
Leader G, Flynn C, O'Rourke N, Coyne R, Caher A, Mannion A. Comorbid
psychopathology, challenging behavior, sensory issues, adaptive behav-
jor and quality of life in children and adolescents with Autism Spectrum
Disorder. Dev Neurorehabil. 2021;24(6):397-407.

Healy S, Aigner CJ, Haegele JA, Patterson F. Meeting the 24-hr move-
ment guidelines: an update on US youth with autism spectrum

disorder from the 2016 National Survey of Children’s Health. Autism Res.
2019;12(6):941-51.

Healy S, Foley J, Haegele JA. Physical activity, screen time, and sleep dura-
tion among youth with chronic health conditions in the United States.
Am J Health Promot. 2020;34(5):505-11.

Child and Adolescent Health Measurement Initiative. “Fast Facts:
2018-2019 National Survey of Children’s Health!”: Data Resource Center
for Child and Adolescent Health supported by the U.S. Department of
Health and Human Services, Health Resources and Services Administra-
tion (HRSA), Maternal and Child Health Bureau; 2021. URL: http://www.
childhealthdata.org. (Accessed 3 July)

(2022) 16:50

Page 8 of 8

25. Brislin RW, editor. Translation and content analysis of oral and written
material: In H. C. Traiandis & J. W. Berry (Eds), Handbook of cross-cultural
psychology: methodology (pp. 389-444). Boston: Allyn and Bacon; 1980.

26. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organ. 2007;85(9):660-7.

27. Schmidt S, Power M, Green A, Lucas-Carrasco R, Eser E, Dragomirecka
E, et al. Self and proxy rating of quality of life in adults with intel-
lectual disabilities: results from the DISQOL study. Res Dev Disabil.
2010;31(5):1015-26.

28. Moore SA, Faulkner G, Rhodes RE, Brussoni M, Chulak-Bozzer T, Ferguson
LJ, et al. Impact of the COVID-19 virus outbreak on movement and play
behaviours of Canadian children and youth: a national survey. Int J Behav
Nutr Phys Act. 2020;17(1):85.

29. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al.
National Sleep Foundation’s updated sleep duration recommendations:
final report. Sleep Health. 2015;1(4):233-43.

30. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska
DA, et al. The physical activity guidelines for Americans. JAMA.
2018;320(19):2020-8.

31. Belcher BR, Berrigan D, Dodd KW, Emken BA, Chou C-P, Spruijt-Metz D.
Physical activity in US youth: effect of race/ethnicity, age, gender, and
weight status. Med Sci Sports Exerc. 2010;42(12):2211-21.

32. Kuhlthau K, Kovacs E, Hall T, Clemmons T, Orlich F, Delahaye J, et al.
Health-related quality of life for children with ASD: associations with
behavioral characteristics. Res Autism Spectr Disord. 2013;7(9):1035-42.

33. Pan P-Y, Tammimies K, Bolte S. The association between somatic
health, Autism Spectrum Disorder, and autistic traits. Behav Genet.
2020;50(4):233-46.

34. Saunders TJ, Gray CE, Poitras VJ, Chaput J-P, Janssen |, Katzmarzyk PT,
et al. Combinations of physical activity, sedentary behaviour and sleep:
relationships with health indicators in school-aged children and youth.
Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):5283-93.

35. Dong B, Zou Z, Song Y, Hu P, Luo D, Wen B, et al. Adolescent health and
healthy China 2030: a review. J Adolesc Health. 2020,67(55):524-31.

36. Dhaliwal KK, Orsso CE, Richard C, Hagq AM, Zwaigenbaum L. Risk factors
for unhealthy weight gain and obesity among children with autism
spectrum disorder. Int J Mol Sci. 2019;20(13):3285.

37. Haegele JA, Zhu X, Healy S, Patterson F. The 24-hour movement guide-
lines and body composition among youth receiving special education
services in the United States. J Phys Act Health. 2021;18(7):838-43.

38. Martin Ginis KA, van der Ploeg HP, Foster C, Lai B, McBride CB, Ng K, et al.
Participation of people living with disabilities in physical activity: a global
perspective. The Lancet. 2021;398(10298):443-55.

39. McCoy SM, Jakicic JM, Gibbs BB. Comparison of obesity, physical activity,
and sedentary behaviors between adolescents with Autism Spectrum
Disorders and without. J Autism Dev Disord. 2016;46(7):2317-26.

40. Corvey K, Menear KS, Preskitt J, Goldfarb S, Menachemi N. Obesity, physi-
cal activity and sedentary behaviors in children with an autism spectrum
disorder. Matern Child Health J. 2016;20(2):466—-76.

41. Jones RA, Downing K, Rinehart NJ, Barnett LM, May T, McGillivray
JA, et al. Physical activity, sedentary behavior and their correlates in
children with Autism Spectrum Disorder: a systematic review. PLoS ONE.
2017;12(2):e0172482.

42. Schwarzfischer P, Gruszfeld D, Socha P, Luque V, Closa-Monasterolo R,
Rousseaux D, et al. Longitudinal analysis of physical activity, sedentary
behaviour and anthropometric measures from ages 6 to 11 years. Int J
Behav Nutr Phys Act. 2018;15(1):126.

43. Adamo KB, Prince SA, Tricco AC, Connor-Gorber S, Tremblay M. A com-
parison of indirect versus direct measures for assessing physical activity
in the pediatric population: a systematic review. Int J Pediatric Obe.
2009;4(1):2-27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://www.childhealthdata.org
http://www.childhealthdata.org

	Meeting the 24-h movement guidelines and health-related outcomes among youth with autism spectrum disorder: a seven-country observational study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Sampling and procedures
	Measures and variables
	Demographics
	Outcomes
	Predictors


	Statistical analyses
	Results
	Descriptive data
	Associations between meeting the guidelines and outcomes

	Discussion
	Conclusions
	Acknowledgements
	References




