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Abstract: We examined sleep difficulties among adolescents in Germany and the association with
physical activity (PA). Furthermore, we analyzed whether the association varied with the socioe-
conomic status (SES) among adolescent girls and boys in Germany. Using data from the Ger-
man Health Interview Examination Survey for Children and Adolescents (KiGGS) study (Wave 2),
6599 adolescents aged 11 to 17 years were included in the analyses. We conducted sex-stratified
logistic regression analyses. Dependent variables were unrecommended sleep duration (defined
as a duration of sleep that does not meet the recommended duration), sleep-onset difficulties,
trouble sleeping, and daytime sleepiness. Most adolescent girls and boys reported sleep difficulties.
While no associations between PA and sleep difficulties were observed, a significant interaction
between PA and SES was found for sleep duration in boys and daytime sleepiness in girls. Thus, ado-
lescents with low SES had fewer sleep difficulties if they met the recommendation for PA, compared
with those in other SES groups. In Germany, a large proportion of adolescents have sleep difficulties.
We found that the experience of sleep difficulties varied according to PA, sex, and the family SES.
Future sleep promotion programs should consider these differences.

Keywords: sleep; physical activity; socioeconomic status; adolescents; health inequality; German
Health Interview and Examination Survey for Children and Adolescents (KiGGS)

1. Introduction

Sleep is highly important for the overall health and well-being of adolescents [1].
Sleep has been proven in several studies to be important for a variety of health outcomes [2–4].
Especially with respect to adolescents, extensive development in the body and brain can
result in altered sleeping patterns during adolescence [1]. With the onset of adolescence,
sleep behavior and sleep architecture change. Even if adolescents had good sleep quality
as a child, this can change during adolescence [1].

Sleep covers various aspects and has many definitions. Sleep can be measured using
different variables such as sleep duration, sleep problems, sleep quality, terminal wakeful-
ness, sleep efficiency, and others [5–9]. Most studies use sleep duration in investigations
of sleep among adolescents. Other sleep variables have not been well investigated [5,6].
The use of different indicators and definitions of sleep makes it difficult to compare study
results [10]. The official recommendation for sleep duration of the American Academy of
Sleep Medicine states that children from 6 to 12 years of age should sleep 9 to 12 h per 24 h
on a regular basis to promote optimal health. Teenagers between 13 and 18 years of age
should sleep 8 to 10 h per 24 h on a regular basis [11].

Looking at different sleep variables, studies have shown that between 47.8% and
65.5% of all adolescents meet the recommendation for sleep duration of a minimum 8 h of
sleep per night [12–14]. This indicates that a large number of adolescents are not meeting
the recommendation. The Health Behavior in School-aged Children (HBSC) study in
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Europe found that approximately 20% of children and adolescents reported sleep-onset
difficulties [15]. Sleep-onset difficulties among European adolescents increased over time
between 2002 and 2014, with slight variation among countries [15]. Trouble sleeping has
been reported by 30.4% of Finnish children [16], and daytime sleepiness is present in
18% of Norwegian adolescents [5]. Data of adolescents in Germany are lacking regarding
sleep-onset difficulties, trouble sleeping, and daytime sleepiness.

Several systematic reviews focusing on children and adolescents have explored sleep
and its association with other variables [3,4,17,18]. One systematic review found associa-
tions between sleep and general health outcomes, overweight, obesity, health conditions,
school performance, and risk behaviors [4]. Focusing on sleep duration, the recommen-
dations indicate that adverse health outcomes can occur in adolescents with short sleep
durations. A significant association was found between short sleep duration and obesity
or overweight [19] as well as declining self-rated health and health complaints [13]. In
comparison, sufficient sleep has been shown to play an important role in the well-being of
adolescents [14]. The reasons for insufficient sleep were investigated in a qualitative study
in which adolescents mostly reported that insufficient sleep was owing to high academic
and social requirements (e.g., school, activities, social environment) and their inability
to cope with these because of personal circumstances. The main reasons for sleep diffi-
culties and insufficient sleep among adolescents are stress, media use, and poor sleeping
habits [20]. In addition to sleep duration, sleep-onset difficulty is another important sleep
variable. Adolescents reporting excessive screen time were shown to have higher odds of
reporting sleep-onset difficulties, which increased over time between 2002 and 2014 [15].
Sleep-onset difficulties are associated with perceived health status, life satisfaction, quality
of family relationships, academic performance, and health complaints [8]. Sleep problems
is another sleep indicator. One study reported a 16-fold increased risk of any psychosocial
symptoms or somatic complaints among adolescents with sleep problems in comparison
with adolescents without sleep problems. The same study also found an association be-
tween sleep problems and attention problems [16]. A review showed the association of
morning tiredness and perceived health status, life satisfaction, quality of family relation-
ships, academic performances, and health complaints. In that review, the associations
between morning tiredness and health variables were higher than those between sleep
duration and health [8].

An important variable interacting with sleep is physical activity (PA). Notably, the
relationships between PA and sleep duration, sleep-onset difficulties, trouble sleeping, or
daytime sleepiness have not often been analyzed [10,21,22]. PA is defined as “any bodily
movement produced by skeletal muscles that results in energy expenditure” [23] (p. 126)
and can be categorized as being of light, moderate, or heavy intensity. These categories are
on the basis of the caloric expenditure of PA [23]. The World Health Organization (WHO)
recommends children and adolescents to be physically active for a minimum of 60 min with
moderate to heavy intensity every day. Being more physically active will lead to greater
health benefits. The recommended daily amount of PA can serve as the minimum target
for children and adolescents to achieve health benefits [24]. A clear association between
PA and sleep has been described in a narrative review by Brand et al. [2]. Other studies
have found good sleep quality and quantity among adolescents to be associated with an
appropriate amount of PA [12] and that higher PA levels are associated with better quality
sleep among adolescents in general [10,21]. One study found a causal relationship between
PA and sleep quality. After exercising for 3 weeks, adolescents had better sleep quality
compared with the control group [22]. Contrarily, a longitudinal study found that short or
long sleep duration did not have an effect on the ability to perform moderate to vigorous
PA 6 years later from the age of 9 to 15 [25].

In addition to PA, socioeconomic status (SES) is a critical factor in adolescents’ health.
SES is known to be associated with several health outcomes and behaviors among adoles-
cents [17]. Several reviews have shown a causal association between SES and PA [26–28].
Specifically, adolescents with a higher SES meet the WHO recommendation for PA more
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often than adolescents from families with a low SES, a fact that has not changed over
the past several decades [29]. Furthermore, studies have found correlations between SES
and sleep [30,31]. More specifically, a study has shown that low SES is associated with
unfavorable sleep [30]. However, one study did not find a significant association of SES
with sleep problems in children [17].

Other variables should be considered while investigating sleep. Sex has been found
to play an important role in the context of sleep among adolescents [6,7,12,15,32–34].
Studies have reported mixed results. However, in girls and boys, different sleep habits,
sleep durations, as well as sleep needs were observed [32–34]. Adolescents’ age is also
a relevant factor in sleep problems [16] and sleep-onset difficulties [15], which increase
with age. Additionally, screen time strongly influences the quality and quantity of sleep.
Xu et al. [12] found that having fewer than 2 h of screen time is associated with good
sleep. Besides the association between screen time and sleep, there were also an association
between high screen time and low PA [25]. Additionally, studies have shown an association
between sleep and mental health outcomes [3,5,14] as well as between sleep and personal
resources [35,36], showing better resources and mental health outcomes were linked with
better sleep quantity or quality.

Current investigations are often lacking regarding the full complexity of sleep in
adolescents, especially in Germany. Several studies have reported the importance of sleep
for adolescents’ health [1–4]. However, only a few studies have focused on the association
between sleep and PA. To our knowledge, no study to date has examined the moderating
effects of family SES. Therefore, the aim of this paper was to analyze the relationship
between PA and sleep difficulties among female and male adolescents as well as variations
in the associations by SES. In detail, this paper addresses the following research questions:

• How many adolescent girls and boys in Germany have sleep difficulties (unrecom-
mended sleep duration, sleep-onset difficulties, trouble sleeping, daytime sleepiness)?

• Are there differences in sleep difficulties according to PA between adolescent girls
and boys?

• Do the associations between sleep difficulties and PA persist after adjusting for age,
screen time, and personal resources, as well as emotional and behavioral problems?

• Does SES moderate the association between PA and sleep difficulties in adolescent
girls and boys?

2. Materials and Methods
2.1. Data

The analyses in this study were conducted using data from the Health Interview
and Examination Survey for Children and Adolescents (KiGGS) study. The KiGGS Wave
2 survey was carried out by the Robert Koch Institute from 2014 to 2017 as an interview
and examination survey. Children and adolescents between 0 and 17 years of age, as well
as their parents, participated voluntarily. Participants were chosen from the register of
residents’ registration office, stratified by age. The KiGGS Wave 2 survey received ethics
approval from the Hannover Medical School (Nr. 2275-2014). Further details about the
study design have been published by Mauz et al. [37].

The data used in this study were from a sample of the cross-sectional study, with
answers on the questionnaires given by the adolescents themselves. Only the information
regarding SES was provided by the parents. In the present study, 6599 adolescents aged 11
to 17 years were included. The study population’s mean age was 13.84 (±1.98) years. In
the sample, 51.87% were girls. The sample description is given in Table 1.
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Table 1. Description of study sample by sex.

Sleep Variables
Total Total Boys Boys Girls Girls

n Unweighted % Weighted n Unweighted % Weighted n Unweighted % Weighted
6599 3176 3423

Unrecommended
sleep duration

Yes 1789 31.9 830 32.1 959 31.7
No 4348 68.1 2097 67.9 2251 68.3

Sleep-onset
difficulties

Yes 3603 59.3 1628 57.2 1975 61.7
No 2467 40.7 1269 42.8 1198 38.3

Trouble sleeping
Yes 1431 24.0 584 20.8 847 27.5
No 4655 76.0 2317 79.3 2338 72.5

Daytime
sleepiness

Yes 3843 62.4 1706 58.2 2137 67.0
No 2251 37.6 1200 41.8 1051 33.1

PA
recommendation

Yes 890 14.8 252 18.2 365 11.1
No 5248 85.2 2403 81.8 2845 88.9

SES

Low 874 20.8 410 20.2 464 21.6

Middle 4103 61.9 1967 61.7 2136 62.0

High 1477 17.3 734 18.2 743 16.4

Age
11–13 years 3026 40.8 1496 40.6 1530 41.1

14–17 years 3573 59.2 1680 59.4 1893 59.4

Screen time
Low 1470 23.1 561 18.8 909 27.7

High 4685 76.9 2376 81.3 2309 72.32

Emotional and
behavioral
problems

Inconspicuous 241 4.1 77 2.8 164 5.48

Borderline 504 8.0 211 6.8 293 9.21

Conspicuous 5400 87.9 2644 90.3 2756 85.32

Personal
resources

High 5922 88.6 2924 91.4 2998 85.54

Low 677 11.5 252 8.6 425 14.46

SES, socioeconomic status.

2.2. Variables

In the present analyses, we used the definition and operationalization of sleep difficul-
ties of Jakobsson et al. [20]. With regard to this definition, the following outcome variables
were differentiated in the analyses: unrecommended sleep duration (defined as a duration
of sleep that does not meet the recommended duration), sleep-onset difficulties, trouble
sleeping, and daytime sleepiness. We assessed sleep duration according to the questions:
“What time do you usually fall asleep during the week?” and “What time do you usually
wake up or are woken up in the morning during the week?” To detect an insufficient sleep
duration, answers were coded on the basis of the recommended sleep duration of the
American Academy of Sleep Medicine [11]. Unrecommended sleep duration was defined
as any duration of sleep that did not meet the recommended sleep duration and included
sleeping longer than 10 or fewer than 8 h per night (“yes”) versus a reported sleep duration
between 8 and 10 h per night (“no”). The variables sleep-onset difficulties, trouble sleeping,
and daytime sleepiness were rated by adolescents on a three-point scale. Sleep-onset
difficulties were assessed with the question: “How often do you fall asleep within 20 min?”
Trouble sleeping was queried with: “How often do you wake up at night, when your
parents think that you are asleep?” Daytime sleepiness was determined using the question:
“How often do you feel sleepy during the day?” Participants were asked to choose between
“usually (5–7 times/week)”, “sometimes (2–4 times/week)”, or “rarely (0–1 times/week)”
For trouble sleeping and daytime sleepiness, the response categories were dichotomized
as “yes” (usually/sometimes) and “no” (rarely). The response categories for the item
“How often do you fall asleep within 20 min?” were dichotomized into “usually” and
“sometimes/rarely”. Thereafter, the item was reversed as sleep-onset difficulties (“yes”
versus “no”).
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The independent variable PA was assessed with one question: “How many days in a
normal week are you active for at least 60 min per day?” Answers were given on a scale
from zero to seven. In line with the recommendation from the WHO [24], sufficient PA was
defined as being physically active for a minimum of 60 min on 7 days each week (“yes”
versus “no”).

The moderator variable SES is a score calculated using the net equivalent income of
the household, educational, and occupational status of the parents. The categories “low”,
“middle”, and “high” SES were calculated for the current study population as the lowest
20%, middle 60%, and highest 20% of participants [38].

Screen time, personal resources, and emotional and behavioral problems, as well
as age, were included in all regression models as control variables. Normal screen time
was defined as no more than 2 h of screen time per day [39]. For adolescents’ personal
resources, a four-point scale instrument [40] was used. Personal resources were asked
using a 5-item scale developed specially for the KiGGS study [40,41]. The scale includes
items from the self-efficacy scale of Schwarzer and Jerusalem [42], the optimism scale of
the Bern questionnaire on wellbeing [43], and the Sense of Coherence Scale [44]. Emotional
and behavioral problems among adolescents were measured using the Strengths and
Difficulties Questionnaire (SDQ) with the categories “conspicuous”, “borderline”, and “not
conspicuous” [45,46]. Adolescents’ age was included as a categorical variable.

2.3. Statistical Analyses

In the first step, we calculated the prevalence of sleep difficulties in total as well as
stratified by PA and by SES in adolescent boys and girls. Bivariate associations are tested
for independence using the Rao–Scott corrected chi-square statistic, which is transformed
into an F statistic with noninteger degrees of freedom to account for the complex survey
design [47,48].

In the second step, multivariate analyses were conducted. In Model 1, logistic re-
gression analyses were calculated with sleep variables as the dependent and PA as the
independent variable. In Model 2, logistic regression analyses were conducted with sleep
variables as the dependent variable and with the interaction of PA and SES. Additionally,
predicted margins were calculated and used for the visualization (the odds ratios for the
logistic regressions with interaction terms are presented in the appendix; see Table A2).
All results were stratified for girls and boys. Models 1 and 2 were adjusted for age, screen
time, emotional and behavioral problems, and personal resources. To test whether the
interaction between PA and SES is significant, the Wald test was used. Test results with an
alpha level below 0.05 were reported as significant.

All analyses were carried out with weighted variables using the “svy” command for
survey data in Stata/SE 15.1 (StataCorp LLC, College Station, TX, USA).

Figure 1 depicts the underlying directed acyclic graph for the analyses, which displays
the relationships assumed in the analyses.
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3. Results

Table 1 presents a description of the study sample. Focusing on PA, 11.4% of adolescent
girls and 18.2% of adolescent boys reported being physically active for a minimum of
60 min every day. The prevalence of sleep difficulties in total as well as stratified by PA
in adolescent boys and girls can be found in Table 2. The prevalence of sleep difficulties
stratified by SES is presented in Table A1 in the appendix.

Table 2. Sleep difficulties in adolescent girls and boys stratified by physical activity (met recommendation).

Sleep Variables
Total

Physical Activity (Met Recommendation)

Yes No p Value

% (95% CI) % (95% CI) % (95% CI)

Boys
Unrecommended sleep duration 32.0 (29.7–34.4) 29.0 (23.9–34.7) 32.7 (30.2–35.3) 0.2290

Sleep-onset difficulties 57.3 (54.7–59.8) 53.6 (47.5–59.5) 58.1 (55.5–60.6) 0.1388
Trouble sleeping 20.7 (18.7–23.0) 20.1 (16.0–24.9) 20.9 (18.7–23.3) 0.7469

Daytime sleepiness 58.1 (55.7–60.6) 54.1 (47.8–60.3) 59.0 (56.3–61.7) 0.1539

Girls
Unrecommended sleep duration 31.7 (29.7–33.8) 22.4 (17.4–28.3) 32.9 (30.7–35.1) 0.0012 *

Sleep-onset difficulties 61.7 (59.4–64.0) 65.0 (57.8–71.6) 61.3 (58.8–63.7) 0.3350
Trouble sleeping 27.6 (25.6–29.7) 29.3 (22.9–36.6) 27.4 (25.2–29.6) 0.6040

Daytime sleepiness 67.0 (65.0–69.0) 56.2 (49.3–62.9) 68.4 (66.2–70.5) 0.0007 *

CI, confidence interval; p values calculated with the Rao–Scott corrected chi-square statistic; * p < 0.05.

3.1. Unrecommended Sleep Duration

A total of 32.0% of male adolescents and 31.7% of female adolescents did not meet the
sleep duration recommendation, with no differences between girls and boys (see Table 2).
For girls, having an unrecommended sleep duration was significantly associated with
not being physically active (see Table 2); however, this was not the case for boys. After
adjusting for age, screen time, personal resources, and emotional and behavioral problems
(Model 1), the association between sleep duration and PA was not significant in girls or
boys (see Table 3). For boys, SES significantly moderates the relationship between PA
and sleep duration (p = 0.037). Figure 2 shows that boys in the low-SES group had a
greater probability of not meeting the recommended sleep duration when they did not
meet the recommendation for PA. Such differences were not seen for boys in the middle-
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or high-SES groups (Figure 2a). In girls, we found no significant moderating effect of SES
on the relationship between PA and sleep duration (p = 0.786) (Figure 2a).

Table 3. Relationship between sleep difficulties and PA in adolescent boys and girls 1.

Unrecommended
Sleep Duration

Sleep-Onset
Difficulties Trouble Sleeping Daytime Sleepiness

OR
(95% CI) p OR

(95% CI) p OR
(95% CI) p OR

(95% CI) p

Boys
PA

recommendation
No Ref. - Ref. - Ref. - Ref. -
Yes 0.96 (0.70, 1.30) 0.784 0.86 (0.67, 1.09) 0.205 0.98 (0.73, 1.32) 0.893 0.91 (0.68, 1.21) 0.501

Girls
PA

recommendation
No Ref. - Ref. - Ref. - Ref. -
Yes 0.89 (0.63, 1.26) 0.499 1.14 (0.83, 1.57) 0.401 1.26 (0.88, 1.81) 0.199 0.80 (0.57, 1.13) 0.211

1 Logistic regression models; all models adjusted for: screen time, emotional and behavioral problems, personal resources, age. PA, physical
activity; OR, odds ratio; CI, confidence interval; p values calculated with the Wald-test.
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3.2. Sleep-Onset Difficulties

In our sample, 57.3% of the male adolescents and 61.7% of female adolescents reported
having sleep-onset difficulties (see Table 2). Sleep-onset difficulties were not associated
with meeting the recommendation for PA in either boys or girls (see Table 2) and remained
nonsignificant after adjusting for several variables (see Table 3). Moreover, no significant
moderating effect of SES was observed for boys (p = 0.258) nor girls (p = 0.647) (Figure 2b).

3.3. Trouble Sleeping

Sex-stratified results showed that 20.7% of adolescent boys and 27.6% of adolescent
girls reported trouble sleeping (see Table 2). Trouble sleeping was not associated with
meeting the recommendation for PA in boys or girls (see Tables 2 and 3). Moreover,
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no significant interaction between PA and SES was found for boys (p = 0.586) nor girls
(p = 0.653) (Figure 2c).

3.4. Daytime Sleepiness

Having daytime sleepiness at least twice a week was reported by 88.1% of adolescent
boys and 67.0% of adolescent girls (see Table 2). This was, therefore, the most commonly
reported sleep difficulty. For girls, daytime sleepiness was associated with not meeting
the recommendation for PA (see Table 2). In the multivariate models with controlling for
several variables, no significant association of PA with daytime sleepiness was found in
either girls or boys (see Table 3). With regard to daytime sleepiness, the interaction of SES
and PA was significant for girls (p = 0.047). Figure 2d shows that, if PA recommendation
were met, girls in the low-SES group were less likely to report daytime sleepiness than girls
in the high-SES group. No moderating effect of SES on the association between PA and
daytime sleepiness was seen for boys (p = 0.906) (see Figure 2d).

Detailed results of the regression models for interaction of PA with SES for adolescent
boys and girls can be found in the appendix (see Table A2).

4. Discussion

In the present study, we examined the prevalence of different sleep difficulties (un-
recommended sleep duration, sleep-onset difficulties, trouble sleeping, and daytime
sleepiness) among adolescent girls and boys in Germany, the association of sleep dif-
ficulties with PA according to WHO recommendations, and the moderating effect of SES
on this association.

With regard to the first research question, we found a high number of adolescents
with sleep difficulties. Most adolescents reported daytime sleepiness, although sleep-onset
difficulties were also frequently mentioned. Fewer but still a large proportion of adolescents
reported a sleep duration that did not meet the recommendation as well as trouble sleeping.
An important finding is that diverse sleep variables yielded differing results. We agree with
other studies [5–8], which concluded that it is useful to include different sleep variables in
the analyses, because the complexity of sleep cannot be reflected by only one sleep variable.

Focusing on meeting the recommendation of sleep, around 32% of the girls and boys
in this study reported an unrecommended sleep duration. We followed the American
Academy of Sleep Medicine, which includes a range for a good sleep duration [11]. It is not
recommended to sleep longer or shorter than this recommendation. It is recommended for
adolescents to sleep between 8 and 10 h per night. Other studies defined a sufficient sleep
duration as 8 h of sleep or more. Using this definition, studies have revealed that between
34.5% and 52.2% of adolescents do not meet the sleep duration recommendation [12–14].
Surprisingly, even though the definition in this analysis includes fewer hours and excludes
excessive hours of sleep, more adolescents met the sleep duration recommendation in
comparison with other studies.

In terms of sleep-onset difficulties, the HBSC study in Europe found that approxi-
mately 20% of children and adolescents reported these difficulties. However, the preva-
lence of sleep-onset difficulties varied among countries between 9.6% of adolescents in
the Ukraine to 37.4% in France. In Germany, 13.4% of adolescents reported sleep-onset
difficulties in 2002 and 19.9% in 2014 [15]. The prevalence found in this analysis was much
higher than in other studies. This may be owing to the fact that sleep-onset difficulty was
measured slightly differently in the HBSC study than in the KiGGS study, with the KiGGS
survey setting a specific time of 20 min for falling asleep and the HBSC study querying
more broadly about perceived difficulties in falling asleep in the previous 6 months.

In terms of trouble sleeping, a study from Finland found that 30.4% of 3- to 6-year-
old children had sleeping problems during the night [16]. Nevertheless, any comparison
should be made with caution because of the different ages of the study participants. No
studies were found regarding trouble sleeping in adolescents, which makes it difficult to
rate the results.
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The present prevalence of daytime sleepiness was in line with the daytime sleepiness
prevalence of 65.1% among adolescents found in an Indian study [49], whereas in Norway,
only 18% of adolescents reported daytime sleepiness [5]. These large differences in preva-
lence may be explained by country differences. However, other aspects may also explain
these variations, such as media use or family characteristics. It is important to understand
the underlying mechanisms to mitigate adolescent daytime sleepiness. Similar to trouble
sleeping, studies regarding daytime sleepiness are lacking. A Spanish study focusing on
morning tiredness showed similar prevalence as the present study for daytime sleepiness.
Morning tiredness was reported by 67.1% of the boys and 72.7% of the girls surveyed [8],
which might enable comparisons of daytime sleepiness with morning tiredness. However,
such comparisons should be made with caution. A comparison of prevalence reveals large
differences between studies.

In our study, we found significant associations in girls between PA and the variable
sleep duration not meeting the recommendations as well as PA and daytime sleepiness
(research question 2). Another study also found differences between girls and boys. In one
study, the association between PA and sufficient sleep was significant for girls only [12].
The results of another study partly support these findings. The authors reported small dif-
ferences for PA and sleep disturbances between girls and boys; however, these differences
were not significant [50]. Controlling for several variables in our model resulted in no
significant associations between PA and the sleep variables. Xu et al. [12] found that screen
time was important for some sleep variables in combination with PA [12]. Because we
included screen time and the other control variables at the same time, we cannot quantify
the mediating effect of screen time alone on the association between PA and sleep.

To answer our research question 3, we analyzed the association of PA and sleep
difficulties after adjusting for age, screen time, and personal resources as well as emotional
and behavioral problems. Mixed results regarding the relationship of PA and sleep can
be found in the literature. In the present study, after introducing the variables into the
model, we did not find a significant impact of PA on sleep difficulties in either boys or
girls. This finding is in line with those of other studies analyzing sleep duration [25,51]
and sleep-onset difficulties [52]. Similar to findings of the HBSC study [15], we found
no significant association between PA and sleep-onset difficulties. It should be noted
that the findings of that past study were based on data from all countries combined. The
analyses showed that the strength of the association between PA and sleep-onset difficulties
varied among European countries [15]. However, other studies have found associations
between sleep variables and PA [10,12,22]. Xu et al. [12] showed that students who meet the
recommendations for PA had 50% lower odds of reporting sufficient sleep duration than
those who did not meet the PA recommendations. However, for other variables of sleep
problems, such as trouble falling asleep or not feeling rested, no significant associations
were observed in that study [12]. A meta-analysis showed significant associations between
subjective PA and objective sleep [10]. A causal relationship between sleep and PA was also
identified because adolescents reported better sleep quality [22]. However, in that study, no
significant differences were found for PA and sleepiness and sleep duration after exercising
for 3 weeks [22]. When comparing the findings of this analyses with those of other studies,
it should be noted that sleep measurements differ highly across studies [10,19]. This makes
it difficult to compare the results.

This was the first study to focus on PA and sleep difficulties and the moderating effect
of SES (research question 4). Our main finding is that SES was found to moderate some but
not all relationships between PA and sleep difficulties. Without considering SES, differences
in the relationship of PA with some sleep difficulties according to SES would not be evident.
The analyses of sleep duration and PA in boys and daytime sleepiness and PA in girls
showed a significant moderation according to SES. Girls and boys in the low SES-group
had lower odds of experiencing sleep difficulties compared with adolescents in other SES
groups when meeting the PA recommendation. Another study found a moderating effect
of SES on the association between adolescents sleep and socioemotional and cognitive
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difficulties [53]. The authors concluded that adolescents reporting better sleep quality and
longer sleep hours reported less difficulties. This is a highly interesting finding, because
public health interventions face a prevention dilemma, as it is often presumed that people
with low SES, in particular, do not benefit from prevention programs [54]. The results by
El-Sheikh et al. [53] also conclude that adolescents with low SES benefit highly from good
sleep quality and quantity. The present findings indicated that the sleep of adolescents
with low SES in particular would benefit from PA promotion programs.

As a synthesis of the results of the present study, it can be stated that a high proportion
of adolescents obtain poor-quality sleep. As other studies have shown, sleep difficulties
are important for adolescents’ health and development [1–4,16,53,55,56]. This particularly
affects adolescents from families with low SES [53,55,56]. It is therefore important to
identify protective factors in order to improve the sleep of adolescents with low SES, in
particular. Contrary to our assumption, PA is only marginally associated with the sleep
difficulties measured here. However, the sleep of adolescents with low SES, in particular,
seemed to benefit from physical activity.

This analysis has several limitations. In the present study, PA and sleep duration
were categorized in line with the recommendations. These recommendations can be
interpreted critically. A narrative review concluded that each person has slightly different
sleep needs, which result in different sleep patterns [57]. These patterns exist owing
to a variety of different genetic, behavioral, environmental, and social factors. Sleep
recommendations give an overview of sleep durations that provide the most favorable
health benefits, although there is no claim that these sleep durations are ideal for everyone.
The best sleep duration for each person needs to be decided individually [57]. Other
authors have stated that the recommendations for sufficient sleep should be reviewed and
should include age, gender, chronotype, and cohort, as well as cultural, environmental,
and other possible factors [4].

It should be noted that sleep measurements differ greatly across studies [10,19]. Cur-
rently, there is no optimal method to measure sleep [10], making it difficult to compare
studies and results.

In this study, sufficient PA was defined using the WHO PA recommendation [24].
However, other ways of measuring PA would also be important to consider, such as the
intensity of PA or the time of day when PA was conducted.

In the present study, the analyses were adjusted for screen time, emotional and
behavioral problems, personal resources, and age. Including all these variables might have
resulted in overadjustment.

Additionally, the present analyses were conducted using cross-sectional data collected
for the purpose of providing a broad overview of different aspects of child and adolescent
health in Germany. Therefore, the data can show associations but no causal effect. For those
effects, longitudinal data would be necessary. Furthermore, because our study was not
conducted to investigate sleep in detail, some important impact factors, such as background
noise while sleeping or sleep hygiene, are missing. Sleep hygiene would be interesting
to include in further analyses, because it seems to be important for sleeping well and
for good sleep quality, as well as for positive impacts on mental and physical health [58].
Sleep hygiene involves a variety of different practices and habits during the day and right
before going to bed. Those practices and habits include limiting daytime naps to 30 min,
avoiding stimulants such as caffeine before bedtime, engaging in exercise for good sleep
quality, maintaining a regular bedtime routine, having a supportive sleep environment,
and more [58].

The number of adolescents who met the recommended amount of PA in this study
was relatively small, which resulted in wide confidence intervals. A higher prevalence of
daily PA would provide more reliable results.

All information used in this study was provided subjectively by adolescents. This
might limit the data; however, a study by Kalak et al. [59] showed that objectively and sub-
jectively measured sleep had similar results regarding psychological well-being. Another
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study reported that subjectively reported sleep duration was overestimated by 48 min
compared with objectively measured sleep duration in an adult sample. Objective and
subjective reports have a moderate correlation [60], although it should be kept in mind that
this evidence was among a study population of adults. This aspect is supported by another
study reporting that subjective PA is more important than objective PA in analyzing the
association with sleep [21].

One strength of our analyses is the inclusion of different variables analyzing sleep
difficulties among adolescents, as recommended in other studies [5–8]. A further strength
is the large representative sample in the cross-sectional KiGGS study Wave 2, which made
it possible to calculate valid prevalence of sleep difficulties in Germany and to stratify
those factors by PA, SES, and sex concurrently. Furthermore, this was the first study to
include SES as a moderating variable in the relationship between PA and different aspects
of sleep difficulties.

5. Conclusions

In Germany, a large proportion of adolescent girls and boys have sleep difficulties.
Therefore, improving sleep in adolescents should be a target of health promotion. Our
findings revealed that PA potentially affects adolescents’ sleep differently in dependence
on the SES of the family. Thus, future sleep promotion programs should consider differ-
ences according to the sex, SES, and PA of adolescents. The present results are especially
interesting for adolescents with low SES, as this population would likely benefit most from
preventive interventions, which could help to reduce health inequalities in adolescents.

For the purpose of deriving recommendations for sleep promotion strategies, future
research should include information on sleep hygiene to more accurately illustrate the
complexity of the topic under consideration. Longitudinal studies could be helpful in ana-
lyzing causal pathways, as should intervention studies to evaluate programs on improving
sleep in youth. Additionally, the impact of PA, as well as screen time, on sleep quality in
adolescents should be examined in greater detail. This aspect is particularly important
during the COVID-19 pandemic, when sporting activities have been severely restricted
and media use has increased to a high level among young people in Germany [61].
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Appendix A

Table A1. Sleep difficulties in adolescents stratified by socioeconomic status.

Sleep Variables

Socioeconomic Status
Total SES Low SES Middle SES High p Value

% (95% CI) % (95% CI) % (95% CI) % (95% CI)
Boys

Unrecommended sleep duration 32.1 (29.8–34.4) 28.1 (22.1–35.0) 33.9
(30.84–37.11) 30.17 (26.6–43.0) 0.1596

Sleep-onset difficulties 57.1 (54.5–59.7) 62.5 (56.0–68.6) 56.1 (53.0–59.1) 54.9 (50.6–59.0) 0.0689
Trouble sleeping 20.7 (18.6–23.0) 24.9 (18.7–32.2) 20.2 (17.7–23.0) 17.8 (14.5–21.8) 0.1612

Daytime sleepiness 57.8 (55.3–60.3) 55.0 (48.14–61.6) 57.6 (54.5–60.7) 61.6 (56.8–66.1) 0.2785

Girls
Unrecommended sleep duration 31.8 (29.8–33.9) 34.7 (28.9–42.1) 31.7 (29.3–34.2) 28.5 (24.3–33.1) 0.2542

Sleep-onset difficulties 61.8 (59.5–64.1) 67.0 (60.7–72.7) 60.4 (57.5–63.3) 60.1 (55.4–64.7) 0.0890
Trouble sleeping 27.3 (25.2–29.5) 33.1 (27.6–39.1) 26.2 (23.8–28.9) 23.6 (19.7–28.1) 0.0146 *

Daytime sleepiness 66.8 (64.8–68.8) 67.8 (62.4–72.8) 66.1 (63.4–68.6) 68.5 (63.9–72.8) 0.6385

CI, confidence interval, SES, socioeconomic status; p values calculated with the Rao–Scott corrected chi-square statistic; * p < 0.05.

Table A2. Interaction between PA and SES stratified by sex (logistic regression models; all models adjusted for: screen time,
emotional and behavioral problems, personal resources, age).

Unrecommended
Sleep Duration

Sleep-Onset
Difficulties Trouble Sleeping Daytime

Sleepiness
OR

(95% CI) p OR
(95% CI) p OR

(95% CI) p OR
(95% CI) p

Boys

PA
recommendation

No Ref. - Ref. - Ref. - Ref. -
Yes 0.34 (0.15, 0.80) 0.014 0.58 (0.28, 1.18) 0.131 0.64 (0.24, 1.70) 0.371 0.99 (0.48, 2.04) 0.969

SES
Low Ref. - Ref. - Ref. - Ref. -

Middle 1.27 (0.80, 2.02) 0.312 0.74 (0.54, 1.01) 0.054 0.76 (0.50, 1.17) 0.210 1.15 (0.82, 1.61) 0.413
High 1.23 (0.76, 1.98) 0.392 0.71 (0.49, 1.01) 0.058 0.68 (0.42, 1.10) 0.116 1.73 (0.17, 2.56) 0.006

PA#SES
Yes#Low Ref. - Ref. - Ref. - Ref. -

Yes#Middle 3.32 (1.27, 8.66) 0.015 1.56 (0.71, 3.44) 0.270 1.56 (0.54, 4.51) 0.410 0.91 (0.41, 2.00) 0.815
Yes#High 3.54 (1.26, 9.93) 0.017 2.10 (0.87, 5.07) 0.100 1.82 (0.58, 5.66) 0.300 0.83 (0.36, 1.95) 0.675

Girls

PA
recommendation

No Ref. - Ref. - Ref. - Ref. -
Yes 0.71 (0.29, 1.74) 0.455 1.54 (0.70, 3.39) 0.285 1.08 (0.49, 2.36) 0.848 0.42 (0.19, 0.95) 0.036

SES
Low Ref. - Ref. - Ref. - Ref. -

Middle 0.99 (0.70, 1.40) 0.938 0.82 (0.59, 1.15) 0.248 0.78 (0.57, 1.07) 0.123 1.00 (0.71, 1.41) 0.989
High 1.02 (0.66, 1.56) 0.937 0.81 (0.56, 1.16) 0.241 0.79 (0.54, 1.17) 0.240 1.36 (0.94, 1.96) 0.099

PA#SES
Yes#Low Ref. - Ref. - Ref. - Ref. -

Yes#Middle 1.41 (0.52, 3.83) 0.502 0.70 (0.30, 1.64) 0.407 1.39 (0.57, 3.40) 0.462 2.31 (0.92, 5.79) 0.074
Yes#High 1.30 (0.51, 3.32) 0.586 0.63 (0.24, 1.71) 0.365 0.98 (0.31, 3.07) 0.975 3.80 (1.32, 10.93) 0.014

CI, confidence interval, SES, socioeconomic status; p values calculated with the Rao–Scott corrected chi-square statistic, # = interaction.
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