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Abstract
Background: As sleep-related difficulties are a growing public health concern, it is important to gain an overview
of the specific difficulty areas of the most vulnerable individuals: children. The current descriptive study presents the
prevalence of sleep-related difficulties in two large samples of healthy children and adolescents and outlines the
effects of age, gender, and socioeconomic status (SES) on various sleep-related difficulties.
Methods: Participants were 855 4–9 year-old children (child sample) and 1,047 10–17 year-old adolescents
(adolescent sample) participating 2011–2015 in the LIFE Child study, a population-based cohort study in Germany.
Parents of the child participants completed the Children’s Sleep Habits Questionnaire (CSHQ), whereas adolescents
self-administered the Sleep Self Report (SSR). Familial SES was determined by a composite score considering
parental education, occupational status, and income. Multiple regression analyses were carried out to address the
research question.
Results: Among 4−9 year-old children, the mean bedtime was reported to be 8 p.m., the mean wake-up time 7
a.m., and sleep duration decreased by 14 min/year of age. 22.6 % of the children and 20.0 % of the adolescents
showed problematic amounts of sleep-related difficulties. In the child sample, bedtime resistance, sleep onset delay,
sleep-related anxiety, night waking, and parasomnia were more frequent in younger than older children. In the
adolescent sample, difficulties at bedtime were more frequent among the younger adolescents, whereas daytime
sleepiness was more prominent in the older than the younger adolescents. Considering gender differences, sleeprelated difficulties were more frequent among boys in the child sample and among girls in the adolescent sample.
Lower SES was associated with increased sleep-related difficulties in the adolescent, but not the child sample.
Conclusions: The present results report sleep-related difficulties throughout both childhood and adolescence.
Gender differences can already be observed in early childhood, while effects of SES emerge only later in
adolescence. The awareness for this circumstance is of great importance for pediatric clinicians who ought to early
identify sleep-related difficulties in particularly vulnerable individuals.
Keywords: Sleep difficulties, Children’s Sleep Habits Questionnaire (CSHQ), Sleep Self Report (SSR), Age, Gender,
Socioeconomic status (SES)
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Background
Healthy sleep habits in children are crucial as sleep promotes healthy physical and mental child development.
Moreover, sleep disorders have been linked to a variety
of cognitive, behavioral, emotional, and physical health
problems [1–4]. It is therefore alarming that sleep
duration has decreased, while the frequency of sleep
problems has increased in recent decades [1, 5–9].
Prevalence rates of sleep problems range from 15 to
44 % [10]; in Germany and the United States, 20–25 %
have been previously reported [11, 12].
It is well established that children’s individual sleep
habits change during childhood and adolescence. With
increasing age, bedtimes become later and sleep durations reduce [7, 13]. Furthermore, specific sleep-related
difficulty areas can be attributed to specific age groups.
The younger the child, the more bedtime resistance and
difficulties sleeping through the night are reported; the
older the child, the more they report difficulties falling
asleep and daytime sleepiness [11, 13, 14].
Uncertainty still exists regarding the relationship between gender and sleep-related difficulties. Data from
several studies suggest that, in adolescence, girls tend to
report sleep difficulties more frequently than boys [1, 6,
7, 11]. One possible explanation is suspected to lie in the
onset of puberty and consequent gender differences [15,
16]. In contrast to adolescents, the results in children
are inconsistent. Whereas some studies observed more
sleep difficulties among boys than girls [17], others
found no gender difference [11], and yet others reported
more frequent difficulties among girls than boys [13].
A further influential factor on child sleep discussed in
the literature is the familial socioeconomic status (SES).
Singh and Kenney [5] found up to 43 % higher adjusted
odds of serious sleep problems for children and adolescents from neighborhoods with the most unfavorable social conditions compared to their counterparts from the
most favorable neighborhoods. Whereas associations between lower social status and poorer sleep outcomes
have been shown in several samples of older children
and adolescents [18–20], previous findings on younger
children are inconsistent. Whereas some studies were
not able to identify any associations between SES and
children’s sleep [17, 21], others reported more inconsistent bedtime routines and sleep behavior problems in socially disadvantaged children [22, 23].
The aims of the present study were to characterize
sleep habits (bedtime, wake-up time, sleep duration) in
children, to determine the prevalence of problematic
amounts of sleep-related difficulties, and to analyze the
effects of age, gender, and SES on sleep habits and specific sleep-related difficulties in children and adolescents.
Since most previous studies have explored small samples
of children in specific age groups, this study aimed to
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extend the literature by presenting data from two large
samples of healthy German children and adolescents. In
contrast to previous studies mainly focusing on difficulties falling asleep and sleeping through the night, the
present study investigated several different sleep domains: sleep-related anxiety, sleep-disordered breathing,
sleep onset delay, night waking, daytime sleepiness, sleep
duration, parasomnia, and bedtime resistance. Despite
the extensive research carried out on the effects of age,
gender, and SES on sleep-related difficulties, the results
remain unclear, especially regarding childhood. We expected to confirm age-related differences throughout
childhood and gender effects in adolescents. Furthermore, we hypothesized the SES to impact sleep-related
difficulties in children as well as adolescents.

Methods
Participants

Data for the present project were collected within the
LIFE Child study, an ongoing cohort study conducted in
Leipzig, Germany. The aim of LIFE Child is to investigate healthy child development and the etiology of
civilization diseases [24, 25]. All children and adolescents
without chronic, chromosomal, or syndromal diseases
are eligible to participate. They are recruited via advertising at public health centers, hospitals, and schools in
the surroundings of Leipzig. LIFE Child was prepared in
compliance with the Helsinki Declaration and with the
agreement of the Ethics Committee of the Medical Faculty of the Leipzig University (Reg. No. 264-10-19,042,
010). Written informed consent is obtained from all parents and from children from the age of 12.
The assessment of sleep and related parameters represents only one part of the large LIFE Child study, with
data collected mainly between 2011 and 2015. In this
time period, 1,902 children and adolescents provided
complete information on sleep habits and sleep-related
difficulties and could therefore be included in the
present analyses. In cases where records from several
years were available for the same participant, one visit
was selected at random to prevent bias caused by multiple visits. For the present analyses, two samples were
distinguished by age. The child sample comprised 855 4
−9 year-olds and the adolescent sample comprised 1,047
10−17 year-olds.
Measures
Children’s Sleep Habits Questionnaire (CSHQ)

In the child sample, the Children’s Sleep Habits Questionnaire (CSHQ) was used to acquire parent-reported
information on children’s sleep-related difficulties
(sleep-related anxiety, sleep-disordered breathing, sleep
onset delay, night waking, daytime sleepiness, sleep duration, parasomnia, and bedtime resistance) [26, 27]. For
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each question, parents are asked to assess on a threepoint scale if the described behavior occurs “rarely” (0–1
times), “sometimes” (2–4 times), or “usually” (5–7 times)
during a typical week. For each sleep-related difficulty
subscale, the child receives a score indicating the extent
of difficulties. All subscale scores can be combined to a
total difficulties score. This score ranges from 33 to 99,
with higher scores indicating more sleep-related difficulties. In a representative German sample, a total score of
47 reflected the 90th percentile [27]. We therefore considered values above to reflect problematic amounts of
sleep-related difficulties. In the present study, cronbach’s
α coefficients ranged between 0.47 and 0.74 for the
CSHQ subscales. These internal consistencies are comparable to the original study [27].
In the CSHQ, parents are also asked to state the habitual bedtime, the morning wake-up time and the usual
sleep duration (day and night) of their child. However,
due to item-specific missing data on sleep habits, these
analyses were performed with fewer observations (bedtime analysis n = 675, wake-up time analysis n = 735,
sleep duration analysis n = 619).
Sleep Self Report (SSR)

In the adolescent sample, the Sleep Self Report (SSR)
was self-administered [28, 29]. This questionnaire also
aims to identify potential sleep-related difficulties with a
focus on difficulties at bedtime, sleep behavior difficulties, and daytime sleepiness. The validation for the SSR
was originally performed for 7–12 year-olds; however, it
is also widely applied until the age of 18 [4, 30]. The response options are designed in the same three-point
scale as the CSHQ and the respondents’ scores can be
combined to a total difficulties score ranging from 18 to
54. A total score of 31 corresponded to the 90th percentile in a representative German sample [28]. We
therefore considered higher values to reflect problematic
amounts of sleep-related difficulties. In the present sample, cronbach’s α coefficients ranged between 0.50 and
0.62 for the SSR subscales, which is comparable to the
original study [28].
Socioeconomic status (SES)

Information on socioeconomic status (SES) was collected via a parental questionnaire adapted to the original version used in the German Health Interview and
Examination Survey for Children and Adolescents
(KiGGS), a national survey on child health in Germany
[31]. For the assessment of a family’s socioeconomic status, family net income, parental education, and occupational status were accordingly subsumed under a
composite score which can range from 3 to 21 [32]. This
score allows a classification of families into low (3–8.4),
middle (8.5–15.4), and high (15.5–21) SES [31, 32].

Page 3 of 11

According to a large representative German cohort
study, a representative study sample should include 20 %
of participants from low SES, 60 % from middle SES, and
20 % from high SES [31].
Analyses

Statistical analysis and visualization were performed
using R version 3.6.1 [33]. To explore sleep habits in the
child sample, multiple linear regression models were
performed. In a first model, either bedtime or wake-up
time was included as the dependent variable and age (as
continuous measure), gender (as two-level categorical
measure), and SES (as continuous measure) were included as independent variables. In a following model,
the sleep duration was analyzed depending on bedtime,
age, gender, and SES.
The prevalence of problematic amounts of sleeprelated difficulties was indicated by total scores > 47 and
> 31 in the child sample and in the adolescent sample,
respectively. A logistic regression analysis was performed
with each sample to investigate the prevalence odds (as
the dependent variable) depending on the three independent variables age, gender, and SES.
Furthermore, in both the child and the adolescent
sample, multiple linear regression models were performed to investigate associations of the scores on the
different sleep-related difficulty subscales (as dependent
variables) with age, gender, and SES (as independent
variables).
For all regression models, the significance level α was
determined to be 5 % and strengths of associations were
described by non-standardized regression coefficients b
or odds ratios (OR). In moderator analyses, all models
were checked for interactions between the independent
variables and additionally tested for their model quality
(good model quality was reflected by variance inflation
factors < 5). Herewith, no moderator effects were
observed.

Results
Descriptive statistics

Participant characteristics are summarized in Table 1. In
the child sample, the mean SES was 13.4 ± 3.39 and
showed a clear tendency towards higher social strata. In
the adolescent sample, this tendency was less pronounced (mean SES = 12.7 ± 3.47). Whereas middle and
high SES families were well represented in the present
samples, low SES families were underrepresented with
9.6 % in the child sample and 14.0 % in the adolescent
sample (in comparison with a representative German cohort sample [31]).
In both the child sample (66.3 %) and the adolescent
sample (53.8 %), most parents (either the mother or the
father) had attained the highest German school degree
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Table 1 Participant characteristics of the child sample and the
adolescent sample
Child sample
(n = 855)

Adolescent sample
(n = 1,047)

n (%)

n (%)

mean (SD)

mean (SD)

Gender
Male

434 (50.8)

508 (48.5)

Female

421 (49.2)

539 (51.5)

Age (y)

7.2 (1.79)

4–5

249 (29.1)

6–7

251 (29.4)

8–9

355 (41.5)

13.2 (2.16)

10–11

365 (34.9)

12–13

288 (27.5)

14–15

260 (24.8)

16–17

134 (12.8)

SES

a

13.4 (3.39)

12.7 (3.47)

Low

82 (9.6)

147 (14.0)

Middle

499 (58.4)

640 (61.1)

High

274 (32.0)

260 (24.8)

n (%)

b

School education

missing (%)

n (%) b

232 (27.1)

455 (43.4)

Low

17 (2.7)

30 (5.1)

Middle

179 (28.7)

224 (37.9)

High

413 (66.3)

Living with child

318 (53.8)
42 (4.91)

270 (25.8)

Mother

803 (98.8)

755 (97.2)

Father

601 (73.9)

522 (67.2)

Own nursery

684 (84.1)

missing (%)

42 (4.91)

716 (92.3)

duration was reported as 10.2 hours (SD = 59 minutes).
Shorter sleep duration was associated with later bedtime
(b = -0.50 [95 % CI: -0.66; -0.33], p < 0.001). Furthermore, the sleep duration decreased by 14 minutes per
year of age (b = -0.22 [95 % CI: -0.26; -0.18], p < 0.001,
see Fig. 1). Analyses with gender and SES did not reach
statistical significance.
Problematic amounts of sleep‐related difficulties in the
child and the adolescent sample

The mean total difficulties scores in the child and adolescent sample, according to the CSHQ and the SSR,
were 42.5 (SD = 5.66, range 33–99) and 26.8 (SD = 4.62,
range 18–54), respectively. In the child sample, 22.6 % of
participants reported problematic amounts of sleeprelated difficulties. Among adolescents, the prevalence
was 20.0 %. For the distribution of the prevalence rates
in detail, see Fig. 2. In logistic regression analyses with
the three independent variables age, gender, and SES,
significant age effects were found neither for the children nor the adolescents. In contrast, gender differences
were observed. In the child sample, the prevalence of
problematic amounts of sleep-related difficulties was significantly higher in boys than in girls (OR = 0.70 [95 %
CI: 0.50; 0.96], p = 0.029). In the adolescent sample, in
contrast, the risk was higher in girls than in boys, albeit
only marginally statistically significant (OR = 1.30 [95 %
CI: 0.95; 1.76], p = 0.098). In the adolescents, a high SES
was associated with a lower prevalence of problematic
amounts of sleep-related difficulties (OR = 0.95 [95 % CI:
0.91; 0.99], p = 0.020). In the children, no significant association was found.

271 (25.9)

a

Low SES: SES 3–8.4; Middle SES: SES 8.5–15.4; High SES: SES 15.5–21
b
Percentages were calculated excluding missing data

Associations between sleep‐related difficulties and age,
gender, and SES
Child sample

(‘Abitur’). Both children and adolescents lived with their
biological mothers in nearly all cases, while the biological father lived in the child’s home less often (in
73.9 % of the cases in the child sample and in 67.2 % in
the adolescent sample). In the child sample, 84.1 % of
children had their own nursery. Among the adolescents,
this was the case in 92.3 %.

Associations identified between the scores on the different sleep-related difficulty scales of the CSHQ and age,
gender, and SES are summarized in Table 2. Significant
associations with child age showed that bedtime resistance (b = -0.08 [95 % CI: -0.14; -0.01], p = 0.020), sleep
onset delay (b = -0.09 [95 % CI: -0.11; -0.06], p < 0.001),
sleep-related anxiety (b = -0.11 [95 % CI: -0.16; -0.06],
p < 0.001), night waking (b = -0.11 [95 % CI: -0.15;
-0.06], p < 0.001), and parasomnia (b = -0.07 [95 % CI:
-0.12; -0.01], p = 0.013) were more frequent in younger
children. Older children, in contrast, were reported to
experience more daytime sleepiness than younger children (b = 0.19 [95 % CI: 0.09; 0.30], p < 0.001). However,
no significant association between the total difficulties
score and age was observed. Considering gender differences, boys scored significantly higher than girls on the
subscales of parasomnia (b = -0.23 [95 % CI: -0.42;
-0.04], p = 0.020) and night waking (b = -0.17 [95 % CI:

Sleep duration in the child sample

In the child sample, the mean bedtime reported by parents was 7:54 p.m. (SD = 29 minutes) and the mean
wake-up time 6:59 a.m. (SD = 46 minutes). Analyses with
either bedtime or wake-up time and age, gender, and
SES resulted in some significant associations, however,
with very small effect sizes (age − bedtime: b = 0.04
[95 % CI: 0.02; 0.06], p < 0.001; age − wake-up time: b =
-0.04 [95 % CI: -0.07; -0.008], p = 0.014; SES − bedtime:
b = 0.02 [95 % CI: 0.01; 0.03], p = 0.002). The mean sleep
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Fig. 1 Sleep duration by age in the child sample. Note. Sleep duration by age according to the Children’s Sleep Habits Questionnaire (CSHQ), n =
855. The box indicates the first and third quartile and the median, and the point indicates the arithmetic mean. The whiskers represent the range
between minimum and maximum, outliers are represented by a cross

-0.32; -0.01], p = 0.036). For the total difficulties score,
this gender difference was marginally significant (b =
-0.75 [95 % CI: -1.51; 0.01], p = 0.052). Together with the
aforementioned gender differences in the prevalence of
problematic amounts of sleep-related difficulties, these
results imply that in childhood, boys suffer from more
sleep-related difficulties than girls (see also Fig. 3). With

regard to the relationship between SES and sleep-related
difficulties, negative associations were found for the subscales of sleep-related anxiety (b = -0.04 [95 % CI: -0.07;
-0.02], p = 0.002), sleep-disordered breathing (b = -0.02
[95 % CI: -0.04; -0.01], p = 0.005), and parasomnia (b =
-0.06 [95 % CI: -0.09; -0.04], p < 0.001). These associations indicate that children growing up in families with

Fig. 2 Prevalence of problematic amounts of sleep-related difficulties by age and gender. Note. Prevalence of problematic amounts of sleeprelated difficulties by age and gender in the child sample (age groups 4−5, 6−7, and 8−9) and in the adolescent sample (age groups 10−11, 12
−13, 14−15, and 16−17)
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Table 2 Mutually adjusted associations of sleep-related difficulties with age, gender, and socioeconomic status (SES) in the child
sample
Dependent variables
Sleep-related anxiety

Sleep-disordered breathing

Sleep onset delay

b (95% CI)

p

b (95% CI)

p

b (95% CI)

p

Age

-0.11 (-0.16; -0.06)

< .001

-0.02 (-0.05; 0.01)

.167

-0.09 (-0.11; -0.06)

< .001

Gender a

-0.18 (-0.36; 0.002)

.053

-0.05 (-0.15; 0.05)

.354

0.01 (-0.09; 0.11)

.840

SES

-0.04 (-0.07; -0.02)

.002

-0.02 (-0.04; -0.01)

.005

-0.001 (-0.02; 0.01)

.920

Independent variables

Night waking

Age

Daytime sleepiness

Sleep duration

b (95% CI)

p

b (95% CI)

p

b (95% CI)

p

-0.11 (-0.15; -0.06)

< .001

0.19 (0.09; 0.30)

< .001

0.03 (-0.02; 0.08)

.231

Gender a

-0.17 (-0.32; -0.01)

.037

-0.07 (-0.44; 0.31)

.726

-0.10 (-0.27; 0.08)

.287

SES

0.01 (-0.01; 0.04)

.218

0.05 (-0.01; 0.10)

.085

-0.003 (-0.03; 0.02)

.809

b (95% CI)

p

b (95% CI)

p

b (95% CI)

p

Age

-0.07 (-0.12; -0.01)

.013

-0.08 (-0.14; -0.01)

.020

-0.18 (-0.39; 0.03)

.096

Gender a

-0.23 (-0.42; -0.04)

.020

-0.03 (-0.27; 0.20)

.788

-0.75 (-1.51; 0.01)

.052

SES

-0.06 (-0.09; -0.04)

< .001

-0.03 (-0.07; 0.0002)

.052

-0.10 (-0.21; 0.02)

.092

Parasomnia

Bedtime resistance

Total difficulties score

Note. According to the Children’s Sleep Habits Questionnaire, n = 855
a
Reference = female gender

Fig. 3 Distribution of the total difficulties score by gender in the child sample and the adolescent sample. Note. Distribution of the total
difficulties score by gender in the child sample (on the left, according to the Children’s Sleep Habits Questionnaire [CSHQ], score range = 33−99,
n = 855) and the adolescent sample (on the right, according to the Sleep Self Report [SSR], score range = 18−54, n = 1,047). Shaded areas show
split violin plots of the density function, with inserted boxes indicating the first and third quartile and the median, and with the point indicating
the arithmetic mean. The displayed p-values are derived from linear regression analysis. Scores above the cut-off value indicate problematic
amounts of sleep-related difficulties

Lewien et al. BMC Pediatrics

(2021) 21:82

higher SES experience fewer difficulties in these areas.
The association between SES and the total difficulties
score showed the same trend, however, statistical significance was not reached.
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adolescents. Furthermore, associations with age, gender,
and SES were explored. It is one of only a few publications to present data from early childhood to late adolescence from one representative cohort study.

Adolescent sample

Associations found between the scores on the different sleep-related difficulty scales of the SSR and age,
gender, and SES are summarized in Table 3. The analyses revealed that older adolescents reported more
daytime sleepiness (b = 0.13 [95 % CI: 0.09; 0.18], p <
0.001) and fewer difficulties at bedtime than younger
adolescents (b = -0.08 [95 % CI: -0.16; -0.01], p =
0.030). However, no significant association between
the total difficulties score and age was observed.
Compared to boys, girls scored significantly higher on
the sleep behavior difficulty scale (b = 0.46 [95 % CI:
0.24; 0.68], p < 0.001) and on the total difficulties
score (b = 0.78 [95 % CI: 0.22; 1.33], p = 0.007). This
result indicates, along with the aforementioned gender
differences in the prevalence of problematic amounts
of sleep-related difficulties, that adolescent girls suffer
from more sleep-related difficulties than boys (see
also Fig. 3). Regarding the associations between SES
and sleep-related difficulties, a lower SES was associated with a higher total difficulties score (b = -0.12
[95 % CI: -0.20; -0.04], p = 0.004), more bedtime difficulties (b = -0.07 [95 % CI: -0.11; -0.02], p = 0.004),
and more sleep behavior difficulties (b = -0.04 [95 %
CI: -0.07; -0.005], p = 0.025). These associations indicate that adolescents growing up in families with a
higher SES experience fewer sleep-related difficulties.

Discussion
This descriptive study recruited from the general population investigated sleep habits and sleep-related difficulties in two large samples of healthy children and

Sleep duration in children

The mean bedtime and wake-up time in children were
reported to be 7:54 p.m. and 6:59 a.m., respectively,
which is comparable to results from a previous Dutch
study that resembles the present setting in the sociocultural background of participants and the implementation of the study [13]. Similar to other studies, gender
differences were identified for neither the bedtime nor
wake-up time [9, 13, 34]. With increasing child age,
these studies report later bedtimes with similar wake-up
times. In our sample, the differences in bedtime or
wake-up time between children of different age were
negligibly small. Similar wake-up times might be the reflection of regular school and parental work schedules.
One reason bedtimes were only slightly postponed in
our sample could lie in the acquisition method; the
CSHQ asks the parents about the bedtime, yet this could
vary from the actual sleep onset. Older children might
go to bed at the same time as younger children but
might take longer to fall asleep.
The mean sleep duration of 4–9 year-olds was reported as 10.2 hours and thereby meets the recommendations of the National Sleep Foundation which advises
10–13 hours of sleep for preschoolers and 9–11 hours
for school-aged children [35]. Consistent with previous
findings [9, 36], our results suggest that sleep duration
declines as children grow older. This decrease appears to
be multifactorial, influenced by biological processes, the
effects of school and leisure activities competing for
sleep, media use, and pubertal changes [36]. In accordance with the results from another large German study

Table 3 Mutually adjusted associations of sleep-related difficulties with age, gender, and socioeconomic status (SES) in the
adolescent sample
Dependent variables
Bedtime difficulties
Independent variables

b (95% CI)

Sleep behavior difficulties
p

b (95% CI)

p

Age

-0.08 (-0.16; -0.01)

.030

-0.03 (-0.09; 0.02)

.182

Gender a

0.22 (-0.10; 0.54)

.180

0.46 (0.24; 0.68)

< .001

-0.07 (-0.11; -0.02)

.004

-0.04 (-0.07; -0.005)

.025

SES

Daytime sleepiness

Age
Gender
SES

a

Total difficulties score

b (95% CI)

p

b (95% CI)

p

0.13 (0.09; 0.18)

< .001

0.02 (-0.11; 0.15)

.798

0.10 (-0.08; 0.28)

.282

0.78 (0.22; 1.33)

.007

-0.01 (-0.04; 0.01)

.280

-0.12 (-0.20; -0.04)

.004

Note. According to the Sleep Self Report, n = 1,047
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of 17,641 children [11], sleep duration did not differ depending on child gender.
In the present study, wake-up time and sleep duration
were unaffected by SES, as was bedtime, given that the
effect size was negligibly small. Reports in the literature
of socioeconomic effects are inconsistent. Previous research in preschool-aged children suggests that socioeconomic variables do not account for differences in
sleep duration [37]. Yet, several studies suggest poorer
sleep outcomes for children with a lower social background in that bedtimes would be later, sleep durations
shorter, and bedtime routines less consistent than in
children from more advantaged households [19, 22, 23].
Beyond our analyses on SES effects, cross-cultural differences might mediate the association between social status and sleep or might stand alone as an influencing
factor and should therefore be mentioned. Differences in
genetic background, lifestyle (e.g., in health behavior, use
of leisure time), environmental factors (e.g., in number
of household members, room-sharing), cultural practices
(e.g., in parenting behavior, parent co-sleeping, napping)
as well as in cognitions and attitudes towards normal
versus impaired sleep, may also account for differences
in the research [13, 34, 37, 38]. Further studies will need
to be conducted to clarify the association of sleep habits
and a family’s SES (more on the effects of SES in the following section).
Sleep‐related difficulties in children and adolescents

Overall, problematic amounts of sleep-related difficulties
were frequently reported by participants across all age
groups with 22.6 % of children and 20.0 % of adolescents
affected. A multitude of prevalence rates are described
in the literature, ranging from 15 to 44 % [10]. It must
be noted that prevalence rates change due to cultural
differences, heterogeneous definitions of impaired sleep,
different methodology, and the inclusion of different age
groups. Compared to the German validation studies of
the CSHQ and SSR in which by definition of the cut-off
value 10 % of children received problematic scores [27,
28], the prevalence rates showed a twofold increase. As
the aforementioned studies were conducted 10 years
ago, this discrepancy might reflect the increase in sleep
difficulties indicated by previous research [1, 5, 6].
For both children and adolescents, only specific sleeprelated difficulty areas were associated with child age. In
children, more resistance at bedtime, sleep-related
anxiety, night waking, and parasomnia were reported; in
adolescents, more daytime sleepiness. These results corroborate the findings of previous work and might reflect
the normal development of a child [11, 13, 14]. However,
in contrast to previous studies reporting more difficulties
falling asleep in older versus younger children and adolescents [11, 13], we observed less sleep onset delay in
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the older versus the younger children as well as fewer
difficulties at bedtime in the older versus the younger
adolescents. A reason could be that bedtimes are mainly
parent-regulated in younger children whereas older
children go to bed independently. Previous research was
able to show that as well as parental regulation of
bedtimes, difficulties falling asleep also reduced with
increasing age [39].
The present results revealed a gender difference in
sleep-related difficulties: In children, these were more
frequent among boys, while in adolescents among girls.
In childhood and pre-puberty, previous results on gender differences have been inconsistent [11, 13, 17]. Since
parental reports were used for children, one possible explanation for the present results might lie in a parental
tendency to rate sleep and behavioral difficulties worse
in boys than girls [4, 40]. Previous studies have suggested that boys are more likely to exhibit externalizing
behavior, while girls are more likely to exhibit internalizing behavior [40, 41]. When the children cannot sleep at
night, boys might be more likely to receive attention
through acting-out behavior, while girls might be more
compliant and, therefore, attract less attention [41]. As
far as adolescents are concerned, there is consensus in
the current literature that sleep problems occur more
frequently in girls [1, 6, 11]. Several studies have considered the cause in pubertal differences between girls and
boys of the same age [15, 16]. Hormonal differences,
however, might not suffice as an explanation since comprehensive research using polysomnography in 0–18
year-olds found that sleep parameters differed greatly
between subjects of different Tanner stages, yet did not
observe any gender difference [42]. Please note that the
analysis of different Tanner stages was beyond the scope
of the present paper.
In this study, a low SES in adolescents was associated
with increased sleep-related difficulties. In children,
solely the areas of sleep-related anxiety, sleep-disordered
breathing, and parasomnia were inversely associated
with SES. Notably, symptoms of parasomnia (e.g., sleepwalking, talking in sleep, bruxism, nightmares) and
sleep-disordered breathing in children have previously
been associated with low familial SES [43, 44]. However,
with regard to the other sleep parameters and sleeprelated difficulties, previous findings in children have
been inconsistent [17, 21, 22]. In line with our findings
in adolescents, a wide range of previous studies demonstrated the association of a low familial SES with increased sleep difficulties in adolescence [5, 18, 20]. As
possible mediators of this association, the existing literature suggests greater pre-sleep worries, disruptive sleep
conditions, poorer neighborhood conditions, academic
demands, and a less healthy lifestyle (e.g., increased
media usage, physical inactivity) in lower SES families [5,
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18, 19, 45]. A reason the association between SES and
sleep-related difficulties was observed in adolescents but
not in children, might be that these possible mediators
become more relevant as children grow older [5, 45–47].
A further reason might lie in the methodology (parent
report versus self-report). Parent reports rely highly on
parental awareness and attitudes concerning their child’s
sleep and health issues [48, 49] which might also differ
between families from different socioeconomic strata.
Limitations

The present study was able to investigate a variety of
sleep-related difficulties and is noteworthy due to its
large sample size, broad age range, and the inclusion of
parental as well as self-reports. Nonetheless, some limitations should be considered. Given that the study
mainly included children from a single large city in eastern Germany and that children from families with a
lower social status were underrepresented, conclusions
regarding the overall population of children should be
made with caution. Since the latest data were acquired
in 2015, the results are not entirely of recent date. Further limitations concern the acquisition method. In
order to obtain the most reliable data according to age,
parent reports for children and self-reports for adolescents were used. Therefore, analyses had to be carried
out separately and interpretations spanning the whole
range from early childhood to adolescence should be
made with caution. An additional limitation is that questions on sleep habits were not asked separately for weekdays and weekend. Sleep duration as well as other sleep
habits might differ significantly between weekdays and
weekend.
Further research is required to clarify the effects of
gender and SES on sleep-related difficulties. In particular, differences between childhood and adolescence
should be investigated in more detail.

Conclusions
Overall, the present results report sleep-related difficulties throughout both childhood and adolescence. Furthermore, gender differences can already be observed in
early childhood, while effects of SES emerge only later in
adolescence. Our findings suggest that young boys, adolescent girls, and adolescents from lower social strata are
at special risk to experience sleep-related difficulties.
The awareness of this circumstance is of great importance for pediatric clinicians who ought to early identify
sleep-related difficulties in particularly vulnerable
individuals.
Abbreviations
CSHQ: Children’s Sleep Habits Questionnaire; SSR: Sleep Self Report;
SES: Socioeconomic status

Page 9 of 11

Acknowledgements
The authors would like to thank all participants, the LIFE Child study
investigators, and the LIFE Child colleagues for their advice. In addition, the
authors appreciate Caroline Allen for proofreading the manuscript. We
acknowledge support from Leipzig University for Open Access Publishing.
Authors’ contributions
CL performed the measurements, analyzed and interpreted the data, and
wrote the article. TP provided guidance in the statistical data analysis,
interpretation of data and writing of the article. JG supported the data
visualization and critically reviewed the manuscript. CM assisted the statistical
data analysis and visualization. WK supervised the project and its
conceptualization and critically reviewed the manuscript. All authors read
and approved the final manuscript.
Funding
This publication is supported by LIFE (Leipzig Research Center for Civilization
Diseases), Leipzig University. LIFE is funded by means of the European Union,
the European Social Fund (ESF) and the European Regional Development
Fund (ERDF), and by means of the Free State of Saxony within the
framework of the excellence initiative. The funding sources were involved
neither in the data collection nor in the analysis and interpretation of the
data.
Availability of data and materials
The data sets on which the present study is based are not publicly
accessible since the publication of data is not covered by the informed
consent of study participants. Potentially sensitive information is collected in
the context of the LIFE Child study; therefore, the data protection concept
requires that all researchers interested in accessing data sign a project
agreement. Researchers interested in gaining access to the data collected in
the LIFE Child study may contact the committee on data use and access
(dm@life.uni-leipzig.de).
Ethics approval and consent to participate
Informed written consent was obtained from all parents before participation
of their children in the study. The study was conducted in compliance with
the Declaration of Helsinki and in agreement with the Ethics Committee of
the Medical Faculty of the University of Leipzig (Reg. No. 264-10-19,042,010).
Consent for publication
Not applicable.
Competing interests
All authors affirm that there are no conflicts of interest.
Author details
LIFE Leipzig Research Center for Civilization Diseases, Leipzig University,
Philipp-Rosenthal-Strasse 27, 04103 Leipzig, Germany. 2Department of
Women and Child Health, Hospital for Children and Adolescents and Center
for Pediatric Research (CPL), Leipzig University, Liebigstrasse 20a, 04103
Leipzig, Germany. 3Pediatric Epidemiology, Department of Pediatrics, Medical
Faculty, Leipzig University, Liebigstrasse 20a, 04103 Leipzig, Germany.
1

Received: 25 August 2020 Accepted: 31 January 2021

References
1. Kronholm E, Puusniekka R, Jokela J, Villberg J, Urrila AS, Paunio T, et al.
Trends in self-reported sleep problems, tiredness and related school
performance among Finnish adolescents from 1984 to 2011. J Sleep Res.
2015;24:3–10. doi:https://doi.org/10.1111/jsr.12258.
2. Beebe DW. Cognitive, behavioral, and functional consequences of
inadequate sleep in children and adolescents. Pediatr Clin North Am. 2011;
58:649–65. doi:https://doi.org/10.1016/j.pcl.2011.03.002.
3. Paruthi S, Brooks LJ, D’Ambrosio C, Hall WA, Kotagal S, Lloyd RM, et al.
Recommended Amount of Sleep for Pediatric Populations: A Consensus
Statement of the American Academy of Sleep Medicine. J Clin Sleep Med.
2016;12:785–6. doi:https://doi.org/10.5664/jcsm.5866.
4. Hansen BH, Alfstad K, van Roy B, Henning O, Lossius MI. Sleep problems in
children and adolescents with epilepsy: Associations with psychiatric

Lewien et al. BMC Pediatrics

5.

6.

7.

8.

9.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(2021) 21:82

comorbidity. Epilepsy Behav. 2016;62:14–9. https://doi.org/10.1016/j.yebeh.2
016.06.015.
Singh GK, Kenney MK. Rising Prevalence and Neighborhood, Social, and
Behavioral Determinants of Sleep Problems in US Children and Adolescents,
2003–2012. Sleep Disord. 2013;2013:394320. doi:https://doi.org/10.1155/2
013/394320.
Pallesen S, Hetland J, Sivertsen B, Samdal O, Torsheim T, Nordhus IH. Time
trends in sleep-onset difficulties among Norwegian adolescents: 1983–2005.
Scand J Public Health. 2008;36:889–95. doi:https://doi.org/10.1177/1403494
808095953.
Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep Duration From Infancy to
Adolescence: Reference Values and Generational Trends. Pediatrics. 2003;
111:302–7. doi:https://doi.org/10.1542/peds.111.2.302.
Matricciani LA, Olds TS, Blunden S, Rigney G, Williams MT. Never enough
sleep: A brief history of sleep recommendations for children. Pediatrics.
2012;129:548–56. doi:https://doi.org/10.1542/peds.2011-2039.
Dollman J, Ridley K, Olds TS, Lowe E. Trends in the duration of school-day
sleep among 10- to 15-year-old South Australians between 1985 and 2004.
Acta Paediatrica. 2007;96:1011–4. https://doi.org/10.1111/j.1651-2227.2007.
00278.x.
Mindell JA, Sadeh A, Kwon R, Goh DYT. Cross-cultural differences in the
sleep of preschool children. Sleep Med. 2013;14:1283–9. doi:https://doi.org/1
0.1016/j.sleep.2013.09.002.
Schlarb AA, Gulewitsch MD, Weltzer V, Ellert U, Enck P. Sleep Duration and
Sleep Problems in a Representative Sample of German Children and
Adolescents. Health. 2015;07:1397–408. doi:https://doi.org/10.4236/health.2
015.711154.
Owens JA. Classification and epidemiology of childhood sleep disorders.
Prim Care. 2008;35:533 – 46, vii. doi:https://doi.org/10.1016/j.pop.2008.06.003.
van Litsenburg RRL, Waumans RC, van den Berg G, Gemke RJBJ. Sleep
habits and sleep disturbances in Dutch children: a population-based study.
Eur J Pediatr. 2010;169:1009–15. doi:https://doi.org/10.1007/s00431-010-11
69-8.
Ophoff D, Slaats MA, Boudewyns A, Glazemakers I, van Hoorenbeeck K,
Verhulst SL. Sleep disorders during childhood: A practical review. Eur J
Pediatr. 2018;177:641–8. doi:https://doi.org/10.1007/s00431-018-3116-z.
Johnson EO, Roth T, Schultz L, Breslau N. Epidemiology of DSM-IV insomnia
in adolescence: lifetime prevalence, chronicity, and an emergent gender
difference. Pediatrics. 2006;117:e247-56. doi:https://doi.org/10.1542/peds.2
004-2629.
Knutson KL. The association between pubertal status and sleep duration
and quality among a nationally representative sample of U. S. adolescents.
Am J Hum Biol. 2005;17:418–24. https://doi.org/10.1002/ajhb.20405.
Uebergang LK, Arnup SJ, Hiscock H, Care E, Quach J. Sleep problems in the
first year of elementary school: The role of sleep hygiene, gender and
socioeconomic status. Sleep Health. 2017;3:142–7. doi:https://doi.org/10.101
6/j.sleh.2017.02.006.
Bagley EJ, Kelly RJ, Buckhalt JA, El-Sheikh M. What keeps low-SES children
from sleeping well: the role of presleep worries and sleep environment.
Sleep Med. 2015;16:496–502. doi:https://doi.org/10.1016/j.sleep.2014.10.008.
Marco CA, Wolfson AR, Sparling M, Azuaje A. Family socioeconomic status
and sleep patterns of young adolescents. Behav Sleep Med. 2011;10:70–80.
doi:https://doi.org/10.1080/15402002.2012.636298.
Jarrin DC, McGrath JJ, Quon EC. Objective and subjective socioeconomic
gradients exist for sleep in children and adolescents. Health Psychol. 2014;
33:301–5. doi:https://doi.org/10.1037/a0032924.
Poulain T, Vogel M, Sobek C, Hilbert A, Körner A, Kiess W. Associations
Between Socio-Economic Status and Child Health: Findings of a Large
German Cohort Study. Int J Environ Res Public Health. 2019. doi:https://doi.
org/10.3390/ijerph16050677.
Hale L, Berger LM, LeBourgeois MK, Brooks-Gunn J. Social and demographic
predictors of preschoolers’ bedtime routines. J Dev Behav Pediatr. 2009;30:
394–402. https://doi.org/10.1097/DBP.0b013e3181ba0e64.
Biggs SN, Lushington K, James Martin A, van den Heuvel C, Declan Kennedy
J. Gender, socioeconomic, and ethnic differences in sleep patterns in
school-aged children. Sleep Med. 2013;14:1304–9. doi:https://doi.org/10.101
6/j.sleep.2013.06.014.
Poulain T, Baber R, Vogel M, Pietzner D, Kirsten T, Jurkutat A, et al. The LIFE
Child study: A population-based perinatal and pediatric cohort in Germany.
Eur J Epidemiol. 2017;32:145–58. doi:https://doi.org/10.1007/s10654-016-021
6-9.

Page 10 of 11

25. Quante M, Hesse M, Döhnert M, Fuchs M, Hirsch C, Sergeyev E, et al. The
LIFE child study: a life course approach to disease and health. BMC Public
Health. 2012;12:1021. doi:https://doi.org/10.1186/1471-2458-12-1021.
26. Owens JA, Spirito A, McGuinn M. The Children’s Sleep Habits Questionnaire
(CSHQ): Psychometric properties of a survey instrument for school-aged
children. Sleep. 2000;23:1043–51. doi:https://doi.org/10.1093/sleep/23.8.1d.
27. Schlarb AA, Schwerdtle B, Hautzinger M. Validation and psychometric
properties of the German version of the Children’s Sleep Habits
Questionnaire (CSHQ-DE). Somnologie. 2010;14:260–6. doi:https://doi.org/1
0.1007/s11818-010-0495-4.
28. Schwerdtle B, Roeser K, Kübler A, Schlarb AA. Validierung und
psychometrische Eigenschaften der deutschen Version des Sleep Self
Report (SSR-DE). Somnologie. 2010;14:267–74. doi:https://doi.org/10.1007/
s11818-010-0496-3.
29. Owens JA, Spirito A, McGuinn M, Nobile C. Sleep habits and sleep
disturbance in elementary school-aged children. Journal of developmental
behavioral pediatrics. 2000;21:27–36. doi:https://doi.org/10.1097/00004703-2
00002000-00005.
30. Pirinen T, Kolho K-L, Ashorn M, Aronen ET. Sleep and emotional and
behavioral symptoms in adolescents with inflammatory bowel disease.
Sleep Disord. 2014;2014:379450. doi:https://doi.org/10.1155/2014/379450.
31. Lampert T, Müters S, Stolzenberg H, Kroll LE. Messung des
sozioökonomischen Status in der KiGGS-Studie. Erste Folgebefragung
(KiGGS Welle 1). Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. 2014;57:762–70. doi:https://doi.org/10.1007/s00103-014-1
974-8.
32. Winkler J, Stolzenberg H. Adjustierung des Sozialen-Schicht-Index für die
Anwendung im Kinder- und Jugendgesundheitssurvey (KiGGS). Wismar:
Hochschule Wismar, Wismar Business School; 2009.
33. R Core Team. R: A Language and Environment for Statistical Computing.
2019. Available at: https://www.R-project.org/. Accessed 29 Mar 2020.
34. Liu X, Liu L, Owens JA, Kaplan DL. Sleep patterns and sleep problems
among schoolchildren in the United States and China. Pediatrics. 2005;115:
241–9. doi:https://doi.org/10.1542/peds.2004-0815F.
35. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al.
National Sleep Foundation’s sleep time duration recommendations:
methodology and results summary. Sleep Health. 2015;1:40–3. doi:https://
doi.org/10.1016/j.sleh.2014.12.010.
36. Olds TS, Blunden S, Petkov J, Forchino F. The relationships between sex,
age, geography and time in bed in adolescents: a meta-analysis of data
from 23 countries. Sleep Med Rev. 2010;14:371–8. doi:https://doi.org/10.101
6/j.smrv.2009.12.002.
37. Patrick KE, Millet G, Mindell JA. Sleep Differences by Race in Preschool
Children: The Roles of Parenting Behaviors and Socioeconomic Status.
Behav Sleep Med. 2016;14:467–79. doi:https://doi.org/10.1080/15402002.201
5.1017101.
38. Tynjälä J, Kannas L, Välimaa R. How young Europeans sleep. Health Educ
Res. 1993;8:69–80. doi:https://doi.org/10.1093/her/8.1.69.
39. Russo PM, Bruni O, Lucidi F, Ferri R, Violani C. Sleep habits and circadian
preference in Italian children and adolescents. J Sleep Res. 2007;16:163–9.
doi:https://doi.org/10.1111/j.1365-2869.2007.00584.x.
40. Moens MA, Weeland J, van der Giessen D, Chhangur RR, Overbeek G. In the
Eye of the Beholder? Parent-Observer Discrepancies in Parenting and Child
Disruptive Behavior Assessments. J Abnorm Child Psychol. 2018;46:1147–59.
doi:https://doi.org/10.1007/s10802-017-0381-7.
41. Endendijk JJ, Groeneveld MG, Mesman J. The Gendered Family Process
Model: An Integrative Framework of Gender in the Family. Arch Sex Behav.
2018;47:877–904. doi:https://doi.org/10.1007/s10508-018-1185-8.
42. Scholle S, Beyer U, Bernhard M, Eichholz S, Erler T, Graness P, et al.
Normative values of polysomnographic parameters in childhood and
adolescence: quantitative sleep parameters. Sleep Med. 2011;12:542–9.
https://doi.org/10.1016/j.sleep.2010.11.011.
43. Stein MA, Mendelsohn J, Obermeyer WH, Amromin J, Benca R. Sleep and
behavior problems in school-aged children. Pediatrics. 2001;107:E60. doi:
https://doi.org/10.1542/peds.107.4.e60.
44. Daniel LC, Grant M, Kothare SV, Dampier C, Barakat LP. Sleep patterns in
pediatric sickle cell disease. Pediatr Blood Cancer. 2010;55:501–7. doi:https://
doi.org/10.1002/pbc.22564.
45. Yang C-K, Kim JK, Patel SR, Lee J-H. Age-related changes in sleep/wake
patterns among Korean teenagers. Pediatrics. 2005;115:250–6. doi:https://
doi.org/10.1542/peds.2004-0815G.

Lewien et al. BMC Pediatrics

(2021) 21:82

46. Owens JA. Insufficient sleep in adolescents and young adults: An update on
causes and consequences. Pediatrics. 2014;134:e921-32. doi:https://doi.org/1
0.1542/peds.2014-1696.
47. Knutson KL, Lauderdale DS. Sociodemographic and behavioral predictors of
bed time and wake time among US adolescents aged 15 to 17 years. J
Pediatr. 2009;154:426 – 30, 430.e1. doi:https://doi.org/10.1016/j.jpeds.2008.08.
035.
48. Jenni OG, O’Connor BB. Children’s sleep: an interplay between culture and
biology. Pediatrics. 2005;115:204–16. doi:https://doi.org/10.1542/peds.20040815B.
49. Vaher H, Kasenõmm P, Vasar V, Veldi M. A survey of parentally reported
sleep health disorders in Estonian 8–9 year old children. BMC Pediatr. 2013;
13:200. doi:https://doi.org/10.1186/1471-2431-13-200.

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

Page 11 of 11

