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Abstract
The interactions between physical activity (PA), screen time, and sleep affect the health of children and adolescents. This
study described the national prevalence estimates of German youth aged 9 to 18 years who meet PA, screen time, and sleep
guidelines alone and in combination and examined the associations of demographic and personal characteristics with adher-
ence to guidelines. Data from a 2019-2020 German student survey were used (n=15,786). The target population consisted of
children and adolescents enrolled in grades 5-10, with a mean age of 13.0 years (SD=1.8) and an equal gender distribution
(male: 50%). The levels of PA, screen time, and sleep were assessed by self-reports (online questionnaires). The prevalence
rates of meeting each guideline individually and in different combinations were calculated, and multilevel logistic regression
models were used to examine the associations of demographic and personal characteristics with meeting versus not meeting
guidelines. Overall, 9.7% of the respondents met all three guidelines combined, and approximately 25% did not meet any
of the guidelines. Half of the participants (50%) met the sleep guidelines, and approximately one third met the screen time
(35%) and PA (37%) guidelines alone. Demographic characteristics associated with adherence to meeting all three move-
ment guidelines included younger age, male gender, higher self-reported socioeconomic status, and school type. Personal
characteristics related to adherence to meeting all three movement guidelines included better subjective school performance,
less frequent attention deficit hyperactivity disorder (ADHD), lower levels of depressive symptoms, lower body mass index
(BMI), and not using substances in the past 30 days.

Conclusion: A low percentage of German children and adolescents met the movement guidelines. With increasing age, the
proportion of young people who follow the recommendations decreases. There is an urgent need for health interventions
devoted to youth behavior as a whole.

What is Known:

o High levels of PA, low levels of screen time, and optimal sleep duration provide enhanced health benefits in comparison to the adoption of
just one of these behaviors.

e Evidence shows that movement behaviors interact throughout the day and should be studied concurrently.

What is New:

o Approximately 10% of German children and adolescents met the recommendations on PA, screen time, and sleep, while 25% did not meet
any guidelines.

o Meeting all guidelines was associated with less frequent ADHD and depressive symptoms, lower BMI, and less frequent substance use in the
past 30 days.
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Abbreviations

AASM American Academy of Sleep Medicine
ADHD Attention deficit hyperactivity disorder
AOR Adjusted odds ratio

BMI Body mass index

CI Confidence interval

ED Energy drink

PA Physical activity

MICE  Multivariate imputations by chained equations
SES Socioeconomic status

SDQ Strengths and Difficulties Questionnaire
WHO  World Health Organization
Introduction

Modifiable lifestyle behaviors such as physical activity (PA),
screen time behaviors, and sleep are considered to be rel-
evant factors for a healthy lifestyle and affect physical health
(e.g., obesity), mental and emotional health, behavioral out-
comes (e.g., tobacco use), and performance-based outcomes
(e.g., academic achievement) [1, 2]. Getting enough unin-
terrupted sleep, spending low amounts of sedentary time in
front of a screen, and achieving high levels of PA are each
associated with better health status among youth [3-5]. The
World Health Organization (WHO) recommends that chil-
dren and adolescents aged 5—17 should engage in at least an
average of 60 min per day of moderate-to-vigorous-intensity
PA (primarily aerobic PA) across the week [6]. Other major
US-based and UK-based PA guidelines provide similar rec-
ommendations regarding the type, intensity, volume, and
duration of PA [7, 8]. In Germany, at least 90 min of daily
moderate- to high-intensity exercise is recommended for
young people; 60 of the overall 90 min can be completed
through everyday activities [9]. The optimal sleep duration
for 6- to 12-year-old children is 9 to 12 h per night; the
optimal duration is 8 to 10 h per night for those aged 13 to
18 years [10]. Additionally, it is recommended that children
and adolescents spend no more than 2 h per day sedentarily
in front of a screen [11].

In the past, studies have commonly evaluated how time
spent on one activity affects health [12]. However, the three
movement-related behaviors are distributed across a 24 h
period and fall on the movement/nonmovement intensity con-
tinuum [13]. Research has shown that the three movement-
related behaviors are codependent [14]. For optimal child
health, evidence suggests that appropriate levels of PA, screen
time, and sleep within 24 h need to be achieved simultane-
ously [15]. This holistic and comprehensive approach towards
health behaviors is included in the Canadian 24 h Movement
Guideline [5]. There is ongoing research aimed at determin-
ing the proportion of children and adolescents of various age
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groups in different countries worldwide who follow the 24 h
movement recommendations. However, most existing stud-
ies have reported low overall adherence to the 24 h guideline
recommendation (0.2 to 10% of children and adolescents)
[16-24]. For Europe, research has shown that approximately
1.7 to 2.2% of European children and adolescents meet all
three guidelines [21, 25, 26].

A limited number of studies have examined the relationship
between adherence to guidelines in childhood/adolescence and
demographic and personal characteristics [16, 19-21, 27-29].
Among children and adolescents, favorable associations have
been reported between personal characteristics — for example,
better mental health indicators (e.g., less depressive symptoms),
better physical health (e.g., lower body mass index (BMI)), and
less risky behaviors (less substance use) — and meeting all
three guidelines [1, 30, 31]. Knell et al. demonstrated that mari-
juana users had a lower likelihood of meeting all three recom-
mendations compared to nonusers [1], and Tandon et al. indi-
cated that children with attention deficit hyperactivity disorder
(ADHD) are at a higher risk of not meeting the recommended
amounts of PA, screen time, and sleep [32]. Some studies also
suggested a positive association between academic perfor-
mance and adherence to the guidelines [16, 23].

To our knowledge, there are no data on the combined
movement behaviors among German children and adoles-
cents. Previous studies conducted in Germany have focused
on single behaviors. For instance, approximately 8% of girls
and 16% of boys aged 14—17 were sufficiently physically
active [33], approximately 60% of 13- to 17-year-olds had
enough sleep per night [10], and the average screen time of
adolescents aged 12 to 19 years was approximately 258 min
per day in 2020 [34]. Additionally, approximately 15% of
Germans aged 3 to 17 years were overweight or obese [35].
It can therefore be assumed that a nonnegligible proportion
of German children and adolescents with poor health status
can be attributed to an unhealthy lifestyle. Moreover, there
has been no apparent shift to a healthier lifestyle with respect
to body weight or lower BMI values [36].

The literature on movement behaviors is expanding;
therefore, it is critical to determine the proportions of
children and adolescents who meet the PA, screen time,
and sleep guidelines and better understand the character-
istics associated with meeting the three movement guide-
lines. Hence, this study has two aims: (1) to identify the
proportion of German children (9 to 12 years) and ado-
lescents (13 to 18 years) meeting the PA, screen time, and
sleep guidelines alone or in combination and (2) to deter-
mine the characteristics that are potentially associated
with a greater risk for meeting/not meeting guidelines.
These characteristics include both demographic (i.e.,
age, gender, school type, socioeconomic status) and per-
sonal characteristics (i.e., BMI, academic performance,
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risk-taking behavior, depression and ADHD symptoms,
substance use).

Methods
Participants and procedures

Data were collected from an annual cohort study. A health
survey was conducted among German students in grades
5-10. A total of 627 schools were initially randomly selected
from subregions in Germany and were invited to participate
in the study. Ninety-one secondary schools from 13 federal
states with 16,843 children and adolescents in grades 5-10
from 1053 classes registered in August/September 2019.

Participation in the study was voluntary. Data were
collected through self-completed (paper—pencil or online
version) anonymous questionnaires from October 2019 to
February 2020, and thus before the start of the COVID-19
pandemic in Germany. The questionnaire consists of differ-
ent sections with standardized scales or self-designed items
to assess health behavior (see “Measures” section). It has
been used since 2016 and is slightly modified each year,
depending on the annual focus [37, 38].

Assessments were carried out in the classes during one
school hour (45 min) by trained research staff or instructed
school personnel. Adolescents’ verbal assent was obtained
on the assessment day, and parents’ written informed con-
sent was obtained 2 weeks before conducting the study. A
total of 16,843 children and adolescents were included in
this study.

The study was approved by the state ministries of cultural
affairs, and ethical approval was obtained from the Ethical
Committee of the German Psychological Society.

Measures
Movement guideline adherence

Self-reported PA was assessed using the following 4-item
scale: (1)“In the past school day, on average, how much time
did you spend walking?,” (2)“In the past school day, on aver-
age, how much time did you spend riding a bike/kickboard/
scooter/longboard?,” (3)“In the past school day, on average,
how much time did you spend being physically active but
were not so out of breath (i.e., light physical activities, such
as inline skating with friends and playing outside)?,” and
(4)“In the past school day, on average, how much time did
you spend being physically active and were out of breath
(i.e., intense physical activities, such as jogging, participat-
ing in competitions, exercising in the gym)?.” There were
six response options for each statement: “not at all,” “less

than 10 min,” “10-29 min,” “30-59 min,” “1-1.5 h,” and
“more than 1.5 h.” Answers to the first three items were
further averaged and served as an indicator of moderate/
daily PA, while the fourth item was an indicator of intense
PA. Children and adolescents were classified as meeting PA
guidelines if they participated in at least 60 min of moderate/
daily PA and at least 30 min of intense activity per day [9].

Self-reported screen time was assessed by asking, “On
an average day, how much time do you usually spend in
front of a screen (e.g., watching TV, watching videos, using
a smartphone, browsing social networks, surfing the inter-
net, playing video games on smartphone/computer/tablet,
watching videos)?.” Response options included “not at all,”
“less than 10 min,” “up to 1 h,” “1-2 h,” “2-4 h,” “4-8 h,”
and “more than 8 h.” Participants who selected “not at all,”
“less than 10 min,” “up to 1 h,” and “1-2 h” (i.e.,<2 h per
day of screen time) were classified as meeting screen time
guidelines [11].

The amount of sleep was assessed by the following two
open-ended questions: “On an average weekday, what time
do you usually go to sleep (i.e., you no longer read, no longer
use a smartphone, and the light is off)?” and “On an average
weekday, what time do you usually wake up?” The answers
to these questions were then used to calculate the amount of
sleep (in hours) that participants had on an average weekday.
Furthermore, children aged 9 to 12 years were classified
as meeting sleep guidelines if they reported sleeping 9 to
12 h, while adolescents aged 13 to 18 years were classified
as meeting sleep guidelines if they reported sleeping 8 to
10 h [10].

Demographic and personal characteristics

Demographic characteristics associated with health behav-
iors were assessed. These include age (children aged 6
to 12 years and adolescents aged 13 to 18 years), gen-
der, socioeconomic status (SES), and school type. Self-
reported SES was assessed with the MacArthur Scale [39].
Participants were asked, “Please place an ‘X’ on the rung
that best represents where you think your family stands
on the ladder?” (on a 10-point scale corresponding to a
picture of a ladder, ranging from zero (low income, the
worst jobs, the lowest education) to 10 (high income, the
best jobs, the highest education). Regarding school type,
Gymnasium (coded as 1) is the most advanced type of
secondary school; other schools were coded as 0.

The following personal characteristics were assessed:
BMI, sensation seeking, school performance, current
energy drink (ED) use, current substance use (cigarette
smoking, e-cigarette vaping, alcohol use, hookah use),
depression, and ADHD symptoms. Participants’ weight
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in kilograms and height in centimeters were assessed to
create the BMI variable. To address age- and sex-specific
physiological changes in BMI, we created the BMI per-
centile variable [40]. Further participants below 5th per-
centile were classified as “underweight,” those greater
or equal 5th and below 85th percentile were classified as
“healthy weight,” those greater or equal 85th and below
95th percentile were classified as “overweight,” while
those greater or equal 95th percentiles were classified
as “obese” [41]. Risk-taking was measured by using the
2-item version of the Sensation Seeking Scale-Form V
[42]: “How often do you do dangerous things to have fun?”
and “How often do you do exciting things, even if they are
dangerous?,” each on a five-point scale ranging from “not
at all” to “very often.” The answers to these two items
were further averaged in the risk-taking index. To assess
self-reported school performance [43, 44], children and
adolescents were asked, “How would you rate your school
performance compared to the classmates in your class?.”
Response options included “much better,” “somewhat
better,” “about the same,” “somewhat worse,” and “much
worse.” Current substance use and ED use behaviors were
assessed with the following questions: “How often do
you currently use cigarettes/e-cigarettes/hookah/alcohol/
energy drinks?.” Response options included “not at all,”
“less than once a month,” “at least once a month, but not
every week,” “at least once a week, but not every day,”
and “almost every day.” All answers other than “not at all”
and “less than once a month” were coded as past 30-day
(current) use of the corresponding substance. Depression
symptoms were assessed using a 5-item emotional prob-
lems subscale [45—-47] of the Strengths and Difficulties
Questionnaire (SDQ) (e.g., “I am often unhappy, down-
hearted or tearful”). The answers were further summed
on the self-reported depression symptom frequency scale.
Furthermore, scores from 0 to 6 were classified as “nor-
mal/borderline,” while scores ranging from 7 to 10 were
classified as “abnormal.” Self-reported ADHD symptoms
were assessed using a 5-item hyperactivity-inattention
subscale [45—-47] of the SDQ (e.g., “T am easily distracted,
I find it difficult to concentrate.”) The answers to these five
items were further summed on the self-reported ADHD
symptom frequency scale. Scores from 0 to 6 were classi-
fied as normal/borderline, while scores ranging from 7 to
10 were classified as abnormal.

Data analysis
Univariate analyses were conducted to assess participants’

demographic and personal characteristics. Means and
standard deviations (SD) were reported for continuous
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variables and frequencies for categorical variables. The
prevalence and 95% CI of meeting none, 1, 2, or all three
guidelines for the total sample and stratified by demo-
graphic and personal characteristics (for a clearer pres-
entation, SES, school performance, and risk-taking vari-
ables were dichotomized at the median) were reported.
Additionally, linear trends (i.e., p-trend) in meeting indi-
vidual and combination of PA, screen time, and sleep
guideline movement guidelines with increasing age were
evaluated.

Multilevel logistic regression models with maximum
likelihood estimation (ML) were used to examine the
association of demographic and personal characteristics
with meeting individual movement guidelines and all
three guidelines simultaneously while controlling for the
nesting of children and adolescents (Level 1) within 91
schools (Level 2). Separate models were constructed for
each binary outcome (i.e., meeting PA guidelines, screen
time guidelines, sleep time guidelines, and all three guide-
lines). A listwise deletion method was used to address
missing data. Continuous variables (age, SES, school per-
formance, and risk-taking variables) were assessed for
normality and standardized (mean=0, SD=1) to facili-
tate interpretation. Final data were weighted to census
data to offset nonresponse bias. In parallel (sensitivity)
analyses, missing data were handled using multivariate
imputations by the chained equation (MICE) method for
missing at random assumptions and the available covari-
ate data; 25 imputed datasets were created. The pooling
of the regression estimates followed Rubin’s rule [48].
All significant differences remained and were in the same
direction.

All statistical analyses were conducted using Stata software
(version 15.1; Stata Corp, College Station, TX, USA). Adjusted
odds ratios (AORs) with 95% Cls were reported with statisti-
cal significance set at p < 0.05 (2-tailed). Benjamini—Hochberg
multiple testing corrections were applied to control the false
discovery rate at 0.05.

Results

After excluding participants (n=1057) who had miss-
ing value data on key variables, the final analytic sample
consisted of n=15,786 children and adolescents; half of
the participants were males (50%), and the mean age was
13.0 years (SD=1.8). Overall, only 9.7% [95% CI, 9.2-10]
of participants met all 3 guidelines, 25% [95% CI, 24-26]
did not meet any of the guidelines, 39% [95% CI, 38-39] met
at least 1 of the guidelines, and 27% [95% CI, 26-28] met 2
of the 3 guidelines (see Fig. 1).
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Fig. 1 Prevalence of children
and adolescents meeting 0, 1, 2,
or 3 of the movement guidelines

Estimated Prevalence (%)

No Guidelines

Half of the participants (50% [95% CI, 49-51]) met
sleep guidelines, and approximately one third met screen
time (35% [95% CI, 34-36]) and PA (37% [95% CI, 36-38])
guidelines (see Table 1). The estimated prevalence of meet-
ing all three guidelines alone and combined decreased with
increasing age (all p-trend values <0.001; see Fig. 2).

For instance, the prevalence of meeting all three guide-
lines was the highest among 9- to 10-year-old children (23%
[95% CI, 20-25]), while only 1.7% [95% CI, 1.1-2.6]) of 16-
to 18-year-old adolescents met these guidelines (p <0.01).
Similarly, the prevalence of meeting sleep guidelines was
the highest among 9- to 10-year-old children and 13-year-
old adolescents (70% [95% CI, 67-73] and 60% [95% CI,
58-62], respectively), while it was the lowest among 16- to
18-year-old adolescents (32% [95% CI, 30-35], p <0.01).
Multilevel analyses revealed that boys (versus girls), those of
younger age, those with lower BMI, those with higher SES,
those with better school performance, those with lower self-
reported ADHD and depression symptoms, and past 30-day
cigarette, alcohol, and ED nonusers (versus users) were more
likely to meet all three guidelines (see Table 2).

Discussion

This study examined the prevalence rates of meeting a com-
bination of PA, screen time, and sleep guidelines among
German youth (n=15,768) aged 9 to 18 years. Obtaining
a thorough understanding of the prevalence of meeting
guidelines within 24 h is beneficial in promoting healthy

Screen+Sleep

Screen

1 Guideline 2 Guidelines All Guidelines

Number of guidelines met

behaviors in children and adolescents [15]. Consistent with
the results of previous studies [19, 31], we observed that
only a small proportion of German children and adolescents
(approximately 10%) spent the recommended time sleeping
and physically active while limiting their screen time to 2 h
or less within 24 h. The prevalence of adherence to stan-
dalone PA and screen time guidelines in our sample (37%
and 35%, respectively) was higher than findings of previ-
ous European studies [21, 25, 26]. Additionally, the propor-
tion of children meeting sleep recommendations (50%) was
lower than in other studies [19, 26]. This variation could be
attributed to the differences in measurement protocol. It was
demonstrated that studies utilizing self-reported measures
reported a higher prevalence of meeting guidelines, while
studies using objectively measured data (e.g., measurement
with an accelerometer) reported a lower prevalence of meet-
ing guidelines [17]. Hence, it seems difficult to compare the
prevalence of various studies directly, as the measurement
protocol varies across studies (particularly concerning PA
measurement). There is a clear need for high-quality stud-
ies that use robust and validated measures of all movement
behaviors [16].

The second finding of this study concerns the charac-
teristics associated with adherence to PA, screen time, and
sleep recommendations. It was found that the majority of
the characteristics in the multiple models were indepen-
dently associated with guideline adherence. In terms of
gender, findings on differences between boys and girls in
the present study are in line with previous studies, show-
ing that boys are more likely to comply with PA guidelines
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Table 1 Prevalence of German children and adolescents meeting movement guidelines (PA/screen time/sleep) weighted column %

Unweighted total sample None PA Screen time Sleep PA + screen time + sleep
Overall 15,786 (100%) 25 (24-26) 37 (36-38) 35(34-36) 50(49-51) 9.7 (9.2-10)
Demographic characteristics
Gender (n=15,580)*
Male 7807 22 (21-23) 41 (40-42) 35(34-36) 51 (50-52) 11 (9.9-11)
Female 7773 28 (26-29) 32 (31-33) 35(34-36) 49 (48-50) 9.0(8.3-9.7)
Age (n=15,786)*
9-12 years 6451 16 (15-17) 40 (38-41) 55(54-56) 57 (56-58) 16 (15-17)
13-18 years 9335 32 (30-33) 35(34-36) 21(20-22) 45(44-46) 5.3(4.8-5.8)
School type (n=15,786)*
Gymnasium 9566 22 (21-23) 42 (41-43) 41 (40-42)  51(50-52) 13 (13-14)
Other 6220 27 (26-28) 33 (32-34) 30(29-31) 49 (47-50) 7.1(6.4-7.7)
Self-report SES (n=15,695)*
Below median (<7) 6256 28 (27-29) 33 (32-34) 31(30-33) 48(47-50) 7.6 (7.0-8.3)
Above median (>7) 9439 23 (22-24) 40 (39-41) 37 (36-38) 51(50-52) 11 (11-12)
Personal characteristics
BMI percentile (n=15,353)*
Underweight 910 20 (17-23) 37 (33-40) 45(42-49) 55(51-58) 13 (11-16)
Normal 12,454 24 (23-25)  37(37-38) 36 (35-37) 51 (50-52) 10 (9.8-11)
Overweight 1562 32 (30-35) 34 (31-36) 24 (22-27) 41(39-44) 5.8(4.7-7.1)
Obese 427 32 (28-37) 29 (25-34) 22 (18-26) 48 (42-53) 4.3 (2.6-7)
School performance (n=15,764)*
Below median (< 3) 3429 31 (30-33) 31(30-33) 25(24-27) 43(41-45) 4.6(3.9-54
Above median (> 3) 12,335 23 (22-24) 38 (37-39) 38 (37-38) 52(51-53) 11 (11-12)
Risk-taking (n=15,684)*
Low (<2) 5721 21 (20-22) 32 (31-34) 43 (41-44) 59 (58-61) 12 (12-13)
High (>2) 9963 27 (26-28) 39 (38-40) 30(29-31) 45(44-46) 8.2(7.6-8.7)
Depression scale (n=15,728)*
Normal/borderline (0-6) 14,113 23 (23-24) 37 (37-38) 36 (35-37) 52 (51-52) 10 (9.8-11)
Abnormal (7-10) 1615 40 (37-42) 30(28-33) 20(18-23) 34 (32-37) 3.8(2.9-4.9)
ADHD scale (n=15,701)*
Normal/borderline (0-6) 14,426 24 (23-25) 37 (36-38) 36 (35-36) 51 (50-52) 10 (9.6-11)
Abnormal (7-10) 1275 34 (31-37) 34 (31-37) 26(23-28) 37(34-40) 5.2(4.0-6.5)
Past 30-day substance user
Cigarettes (n=15,758)* 823 45 (42-49) 30(27-33) 14 (12-17) 27 (24-30) 1.0(0.5-1.9)
E-cigarettes (n=15,743)* 444 39 (34-44) 41 (36-46) 14 (10-17) 28(24-33) 2.2 (1.24.1)
Hookah (n=15,746)* 519 38 (34-43) 38 (34-43) 13(11-17) 28(24-32) 10.0 (9.6-10.5)
Alcohol (n=15,758)* 2163 41(39-43) 37(35-39) 13(11-14) 29 (27-31) 19(1.4-2.6)
Energy drinks (n=15,763)* 2666 39 (3741) 34 (32-36) 14 (12-15) 33 (31-35) 2.3(1.8-3.0)

AOR adjusted odds ratio; CI confidence interval; PA physical activity; SES socioeconomic status; BMI body mass index; ADHD attention deficit

hyperactivity disorder

*Number of subjects with complete (non-missing) information on this variable

[19]. Academic performance was associated with adher-
ence to all guidelines, regardless of whether the former was
measured by attending a specific school type or the self-
assessment of how good one’s performance is compared
to that of classmates. These findings are consistent with
the results of a 2017 Canadian study on the associations of
adherence to recommendations and academic performance
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among adolescents [16]. One of the explanations for the
observed associations is that the adoption of a healthy
lifestyle has been shown to be one of the most important
correlates of brain development processes and cognitive
function [49]. Furthermore, studies have shown PA to have
positive effects on cognition, while media use, particularly
excessive television viewing and video game playing, has
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Fig.2 Prevalence of meeting
the movement guidelines by age S
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Table 2 Adjusted relative odds of German children and adolescents meeting movement guidelines (PA/screen time/sleep)

PA Screen time Sleep
AOR (95% CI) AOR (95% CI)  AOR (95% CI)

PA + screen time + sleep
AOR (95% CI)

Demographic characteristics

Gender (female =reference group) 1.31 (1.20-1.43)* 0.97 (0.88-1.06) 1.10 (1.01-1.20)* 1.24 (1.09-1.40)*

Age® 0.90 (0.87-0.94)*

School type (other =reference group)

Self-report SES*

Personal characteristics

BMI percentile*

School performance?

Risk-taking®

Depression scale (normal/borderline =reference

group)

ADHD scale (normal/borderline =reference group)
Past 30-day substance use (no use =reference group)

Cigarettes
E-cigarettes
Hookah
Alcohol
Energy drinks

1.41 (1.29-1.55)%
1.10 (1.06-1.13)*

0.94 (0.91-0.97)*
1.13 (1.08-1.18)*
1.27 (1.22-1.33)*
0.94 (0.90-0.99)*

0.91 (0.87-0.96)*

0.67 (0.55-0.82)*
1.29 (1.01-1.66)
1.07 (0.88-1.30)
1.10 (0.97-1.23)
0.91 (0.80-1.03)

0.44 (0.41-0.48)*
1.43 (1.18-1.72)*
1.06 (1.01-1.12)*

0.84 (0.80-0.88)*
1.06 (0.99-1.13)

0.91 (0.87-0.95)*
0.77 (0.72-0.81)*

0.82 (0.77-0.87)*

1.51 (1.10-2.06)*
0.87 (0.58-1.32)
1.10 (0.82-1.49)
0.71 (0.58-0.87)*
0.47 (0.41-0.55)*

0.75 (0.71-0.80)*
0.93 (0.83-1.06)
1.06 (1.02-1.10)*

0.92 (0.89-0.96)*
1.01 (0.96-1.05)

0.82 (0.78-0.85)*
0.81 (0.77-0.86)*

0.90 (0.87-0.94)*

0.94 (0.78-1.14)
0.97 (0.70-1.34)
0.90 (0.69-1.16)
0.70 (0.62-0.79)*
0.65 (0.58-0.73)*

0.52 (0.48-0.57)*
1.62 (1.41-1.86)*
1.15 (1.08-1.22)*

0.84 (0.80-0.89)*
1.16 (1.09-1.24)%
0.94 (0.88-1.01)

0.79 (0.73-0.86)*

0.83 (0.78-0.89)*

0.35 (0.14-0.87)*
1.15 (0.56-2.37)
1.14 (0.55-2.36)
0.56 (0.40-0.80)*
0.46 (0.34-0.62)*

AOR adjusted odds ratio; CI confidence interval; PA physical activity; SES socioeconomic status; BMI body mass index; ADHD attention deficit
hyperactivity disorder

Significant results p <0.05 displayed in bold

*Statistically significant after Benjamini—-Hochberg corrections for multiple testing to control false-discovery rate at 0.05 (based on 2-tailed cor-
rected p value)

“Rescaled (mean=0, SD=1) such that the ORs indicate the change in odds in the outcome associated with an increase in 1 SD unit on the con-
tinuous covariate scale
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been shown to decrease attention and cognitive function-
ing, which may impair academic outcomes [50-52].

Personal characteristics associated with adherence to
the guidelines also include ADHD and depressive symp-
toms. Vulnerable subgroups such as children and adoles-
cents with abnormal scores on the depression scale were
less likely to comply with all three movement guidelines,
which is consistent with cross-sectional studies from the
USA and the UK [1, 53, 54]. Evidence suggests that PA is
inversely associated with depressive symptoms [55, 56] and
may also be beneficial for curbing depression [57]; thus, PA-
targeted interventions may be promising. Patte et al. exam-
ined whether changes in adherence to PA, screen time, and
sleep guidelines were associated with depression symptoms
among adolescents and concluded that complying with sleep
recommendations emerged as the most consistent predictor
of depression symptoms [58]. From this perspective, one
could hypothesize that promoting healthy sleep habits could
play an important role in preventing or even reducing youth
depressive symptoms. Children and adolescents with abnor-
mal scores on the ADHD scale were also less likely to spend
the optimal amount of time being physically active, in front
of a screen or sleeping. Hence, children and adolescents who
had these conditions may be at a higher risk of not meet-
ing the guidelines and need to be targeted via movement
behavior interventions promoting PA, less screen time, and
proper sleep.

Substance use is associated with adverse health outcomes
[59, 60]. We observed that past 30-day cigarette, alcohol,
and ED use were associated with a lower level of compli-
ance with all three movement guidelines, while past 30-day
e-cigarette and hookah use were not related with adherence.
Hence, substance users were at greater risk for nonadher-
ence to recommended lifestyle behaviors. One can speculate
that nonusers, compared to users, could have better self-
regulation, which goes along with living a healthier lifestyle,
including more PA, limited screen time, and better sleep
habits. There is evidence that adherence to the movement
behavior guidelines is associated with better social health,
such as better self-regulation, decision-making, and psycho-
social functioning [61].

A higher BMI that carries the risk of developing over-
weight or obesity and increases the risk of developing
chronic diseases was associated with not meeting any guide-
lines. Previous work has found similar relationships with
BMI and compliance with health behavior guidelines that
underscore the need for interventions [22].

The third relevant result of this study supports previous
work on the age effect. From ages 9 to 18 years, the preva-
lence of meeting all and each specific guideline decreased,
with less than 5% of 16- to 18-year-olds meeting all guide-
lines simultaneously compared to more than 20% of 9-
to 10-year-olds adhering to all guidelines. The sharpest
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decrease is observed for meeting screen time recommen-
dations, which was also found in a US sample [31]. These
results are particularly alarming given the growing evidence
suggesting that movement behaviors in adolescence are pre-
dictive of movement behaviors in adulthood [62].

Although this study provides information about charac-
teristics associated with meeting or not meeting the guide-
lines, many questions remain, especially concerning the
temporality and causal relationships between combinations
of physical activity, screen time, and sleep duration and
health indicators and the underlying mechanisms explain-
ing how and why certain combinations of behaviors may
be beneficial. Hence, there is a strong need for prospective,
high-quality studies to increase the understanding in this
topic area [30]. Thus far, we also cannot estimate the effects
of the COVID-19 pandemic on compliance with the move-
ment guidelines. To examine these effects on children’s and
adolescents’ movement behaviors, the presented data pro-
vide information about the level of compliance before the
outbreak of COVID-19 and could serve as reference values
for German adolescents.

Limitations

The study has several strengths, including a demographically
diverse and large sample and statistical control for important
covariates. Nonetheless, several limitations should be con-
sidered. The inference of causality between adherence to the
movement guidelines and outcomes is precluded because of
the cross-sectional design. Hence, we cannot imply a cause-
effect relationship with our study. In addition, the data were
collected through self-report. Considering school perfor-
mance, children and adolescents seem to be quite good at
assessing their self-performance, as self-reported grades
were found to be highly positively correlated with actual
grades. On the other hand, it is known that biases in the
self-reporting of PA levels cannot be ruled out. Likewise,
self-reports of screen time might be biased, and using a sin-
gle item to assess the screen time may lead to reliability
issues. Future research should assess the association with
objectively measured PA to improve the reliability of results
(e.g., using accelerometers). Although accelerometers can
estimate the 24 h movement behavior more precisely, self-
reported measurements are an ideal measurement method for
large-scale monitoring and surveillance due to their lower
testing effort and lower costs. The present study did not
measure specific types of PA or types of screen time activi-
ties (gaming vs. social media). There is evidence that differ-
ent types of PA and different types of screen time activities
could be differentially associated with mental health prob-
lems and substance use in children and adolescents [63, 64].
Furthermore, sleep time was assessed only on weekdays,
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which may have affected the study findings, as for children
of this age group, there may be differences in sleep duration
between weekdays and weekend days. Finally, the health
survey was limited to children and adolescents attending
schools interested in a health promotion project, which sug-
gests a health-promoting school environment that generally
places more emphasis on healthy lifestyles.

Conclusion

Only 10% of German children and adolescents are suffi-
ciently physically active, spend the optimal time, in front
of a screen, and sleep. Adherence to PA and screen time
guidelines were lower than meeting sleep guidelines and
were consequently the primary contributing factors for not
meeting all three movement behaviors in combination. With
increasing age, fewer adolescents adhere to recommended
PA, screen, and sleep time levels, and more adolescents do
not meet any of the three guidelines. Therefore, there is an
urgent need to develop health promotion programs that tar-
get a healthy 24 h period, including an optimal distribution
of time spent with PA, in front of a screen, and sleeping.
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