
Introduction 

Sleep patterns in adolescents are physiologically delayed [1], and 
the mechanism underlying these delays is currently unclear. This 
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Purpose: Teenagers’ sleep patterns show physiological delays influenced by sexual maturation 
and other external time-related factors. However, Korean adolescents show differences in the 
onset of pubertal development and have shorter sleep durations than other adolescents world-
wide. Therefore, we assessed sleep patterns and sexual maturation in Korean early adolescents to 
evaluate changes in sleep patterns in relation to sexual maturation in early adolescents with 
sleep deprivation. 
Methods: From March to August 2017, we surveyed children aged 10 to 12 years in Seongnam 
(Seongnam Atopy Project). We evaluated items related to sleep and sexual maturation, assessed 
sleep duration and sleepiness scale scores, and analyzed the relationships of sleep parameters 
with sex, height, weight, and sexual maturation rating (SMR). 
Results: In total, 620 children were included. Sleep duration was 8.63±0.81 hours in boys and 
8.40±0.98 hours in girls. Sleep started from PM 11:00±AM 0:47 in boys and PM 11:13±AM 1:06 
in girls, and ended at AM 7:38±AM 0:27 in boys and AM 7:34±AM 0:27 in girls. After adjusting 
for sex and standardized body mass index, bedtime was delayed as the SMR increased (mean de-
lay for each rating increase, 0.251 hours; P=0.001; 95% confidence interval [CI], 0.105 to 0.397). 
SMR did not influence the wake-up time, although sleep duration decreased as the SMR in-
creased (mean decrease for each rating increase, 0.258 hours; P=0.001; 95% CI, –0.403 to 
–0.114). The sleepiness scale scores showed no relationship with SMR. 
Conclusion: Sleep patterns, especially sleep duration and bedtimes, show changes with sexual 
maturation in adolescents, who are vulnerable to sleep deprivation. 

Keywords: Adolescent; Sleep; Sleepiness; Sexual maturation  

physiological delay is not caused by environmental factors, such as 
evening light exposure [2]. Moreover, internal sleep phases in teen-
agers are delayed compared to those in children, and these delays 
present as delayed dim light melatonin onset (DLMO) [3]. The 
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interval between DLMO and sleep onset is also prolonged in ado-
lescents [4]. Individuals in the mature Tanner stage show increased 
sleep latency, delayed bedtime [1,5], and increased sensitivity of 
the circadian system to light in early puberty [6]. Similar to hu-
mans, numerous mammals also show physiological sleep delays in 
adolescence [7]. In combination with earlier school start times, 
this physiological delay in sleep can induce sleep deprivation in 
older adolescents. 

Sleep patterns can also be affected by numerous external factors, 
especially in teenagers. For example, teenagers in East Asia experi-
ence more extreme sleep deprivation than those in other parts of 
the world. Numerous studies have shown that teenagers in Asia 
have a sleep duration of 6 to 7 hours on weekdays [8], and sleep 
deprivation becomes more severe as they get older. This pattern of 
severe sleep deprivation has been attributed to social and academic 
needs, which are potent regulators of sleep patterns in school chil-
dren. 

The age of onset of sexual development in adolescents in Korea 
has been reported to be different. Moreover, compared to a study 
published in 2006 [9], a more recent study from 2020 reported 
earlier pubertal development onset in Korean adolescents [10]. 
However, studies on the relationship between the Tanner stage and 
sleep have not been conducted in Korean adolescents. Therefore, 
considering the differences in life patterns of East Asian adoles-
cents from those of adolescents in other countries, we believe that 
the findings of this study will provide useful insights into the rela-
tionship between sexual development represented by Tanner stage 
and sleep patterns in early adolescents, who often experience sleep 
deprivation.  

Materials and Methods 

1. Participants 
This study surveyed children aged between 10 and 12 years who 
attended 11 elementary schools in Seongnam from March to Au-
gust 2017 as part of the Seongnam Atopy Project (SAP). In the 
SAP, we surveyed the students’ characteristics, body weight and 
height, date of birth, questionnaires about allergic disease and gas-
trointestinal disease, routine diet, environmental factors, feeding 
history, sleep and sexual maturation with figures (Fig. 1). We se-
lected questionnaire items to survey the participants’ sleep pat-
terns, sleepiness, anthropometric data, and baseline characteristics 
(Appendix 1). We asked the children’s parents to complete the 
questionnaires prior to physical examinations. The parents of 621 
children agreed to participate in this study, and 620 children re-
turned completed demographic questionnaires, including infor-
mation regarding school year and sex. The physical examination, 

SAP cohort (n=621)

Answer the survey (n=620)

Boy (n=318)

SMR classified
(n=289)

Girl (n=320)

Exclusion (n=40)
SMR insufficient information

SMR classified
(n=291)

Fig. 1. Flow diagram. Among 621 children in the Seongnam 
Atopy Project (SAP) cohort, 620 children answered questions 
about age and gender. We analyzed 289 boys and 291 girls who 
responded to the sexual maturation rating scale. SMR, sexual 
maturation rating.

which included measurement of weight and height, was performed 
by a pediatrician and a well-trained technician. Body mass index 
(BMI) was calculated from the measured height and weight and 
standardized with reference to the age and sex (BMI-z) [11,12]. 
Sex and BMI are known to affect sleep based on previous studies, 
so they were used as correction variables. 

2. Sleep duration and daytime sleepiness 
Participants’ usual sleep onset and wake time for the last 7 days 
were determined using direct questions. Sleep duration was com-
puted from the sleep onset and wake times. Responses describing 
unusual times of sleep onset and waking, such as sleep onset in the 
afternoon, getting up in the evening, or sleep duration over 15 
hours, were excluded. The degree of sleepiness was estimated us-
ing the Korean version of the Pediatric Daytime Sleepiness Scale 
(PDSS) [13]. The PDSS has eight questions, each of which is 
scored from 0 to 4 (total range, 0 to 32), and it assesses subjective 
sleepiness during classes, homework, daytime, and morning. A 
higher score indicates greater daytime sleepiness [13], and a score 
of 15 or more in the age group of 14 to 19 years old indicates exces-
sive sleepiness [14].  

3. Sexual maturity  
The Tanner stage is a common parameter for evaluating children’s 
pubertal development, which is classified using the sexual matura-
tion rating (SMR) scale [15]. Parents answered questionnaires 
about their children’s sexual maturity, which included pictures with 
serial stages of sexual maturity. The series of pictures outlined the 
degrees of development of pubic hair and breasts in girls and pubic 
hair, penis, and testes in boys. On the basis of the responses, for 
boys, an SMR of 2 implied visible signs of testicular enlargement or 
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development of pubic hair; an SMR of 3 indicated penile growth 
or further development of pubic hair; and an SMR of 4 indicated 
increased testes volume or a distributed pattern of pubic hair. For 
girls, an SMR of 2 indicated the presence of breast buds or devel-
opment of pubic hair, and SMRs of 3 to 5 indicated patterns of pu-
bic hair and breast development. The selected pattern of SMR was 
different; the average grade was used, whereas in cases with only 
one response for the queries regarding sexual development, the 
SMR was classified on the basis of this response. 

4. Ethics statement 
The survey was approved by the Institutional Review Board of 
CHA Bundang Medical Center (IRB No. 2017-04-049). Written 
informed consent was obtained from the parents or caregivers of 
all participants. 

5. Statistical analysis 
Statistical analyses were performed using IBM SPSS Statistics ver-
sion 23.0 (IBM Corp., Armonk, NY, USA) and MS Excel version 
2203 (Microsoft, Redmond, WA, USA). Frequencies and contin-
uous variables were compared using the chi-square test and analy-
sis of variance, respectively. Multiple linear regression models were 
used to estimate adjusted differences and 95% confidence intervals 
(CIs), with adjustments for sex and BMI-z. Sex and BMI have pre-
viously been reported as factors that influence sleep patterns and 
obstructive sleep apnea syndrome [15,16]. Each sleep-related vari-
able was analyzed in a model with SMR, sex, and BMI-z. Statistical 
significance was defined as a P< 0.05.   

Results 

1. Sample characteristics 
We evaluated the findings for 620 children (318 boys and 302 
girls) who provided basic data such as sex and grade/school year. 
The mean ages were 11.51 ± 0.61 years for boys and 11.48 ± 0.90 
years for girls. The 318 boys included four (1.3%) fourth-grade 
boys, 154 (48.6%) fifth-graders, and 159 (50.2%) sixth-graders, 
while the 302 girls included two (0.7%) fourth-graders, 152 
(50.3%) fifth-graders, and 148 (49.0%) sixth-graders. 

The mean heights were 149.15 ± 8.05 cm for boys and 
149.43 ± 7.29 cm for girls, and the mean weights were 42.79 ± 9.61 
kg for boys and 42.15 ± 8.57 kg for girls. The mean BMI was 
19.1 ± 3.27 kg/m2 for boys and 18.77 ± 3.01 kg/m2 for girls, and 
the mean BMI-z was –0.08 ± 1.01 for boys and 0.03 ± 1.04 for girls. 

2. Sleep patterns and sleepiness 
We investigated sleep patterns and sleepiness using the Korean ver-

sion of the PDSS. The mean sleep duration was 8.63 ± 0.81 hours 
for boys and 8.4 ± 0.98 hours for girls, as calculated based on the 
bedtime (PM 11:00 ± AM 0:47 for boys and PM 11:13 ± AM 1:06 
for girls) and wake time (AM 7:38 ± AM 0:27 for boys and AM 
7:34 ± AM 0:27 for girls). The average PDSS score was 11.4 ± 5.02 
for boys and 11.65 ± 5.24 for girls.  

3. Sexual development  
Among the 318 boys, 289 provided responses for pubic hair and 
282 provided responses for genitalia, and the SMR was evaluated 
in 289 boys. Among the 302 girls, 287 provided responses for pu-
bic hair and 291 provided responses for breasts, and the SMR was 
evaluated in 291 girls. Among the boys, 237 (82%), 42 (14.5%), 
and 10 (3.5%) were classified as SMR1, SMR2, and SMR3, re-
spectively. None of the boys were categorized as SMR4. Among 
the girls, 102 (35.1%), 152 (52.2%), 31 (10.7%), and six (2.1%) 

Table 1. Demographic characteristics according to sex

Characteristic Boys Girls
Age (yr) 11.51±0.61 11.48±0.9
School year (grade)
 4 4 (1.3) 2 (0.7)
 5 154 (48.6) 152 (50.3)
 6 159 (50.2) 148 (49)
Height (cm) 149.15±8.05 149.43±7.29
Weight (kg) 42.79±9.61 42.15±8.57
BMI (kg/m2) 19.1±3.27 18.77±3.01
BMI-z –0.08±1.01 0.03±1.04
Sleep duration (hr) 8.63±0.81 8.4±0.98
Bedtime PM 11:00±AM 0:47 PM 11:13±AM 1:06
Wake time AM 7:38±AM 0:27 AM 7:34±AM 0:27
PDSS 11.4±5.02 11.65±5.24
Pubic hair
 1 247 (85.5) 171 (59.6)
 2 35 (12.1) 81 (28.2)
 3 7 (2.4) 28 (9.8)
 4 0 7 (2.4)
Genitalia
 1 204 (72.3) 30 (10.3)
 2 43 (15.2) 82 (28.2)
 3 28 (9.9) 164 (56.4)
 4 7 (2.5) 12 (4.1)
 5 3 (1)
SMR
 1 237 (82) 102 (35.1)
 2 42 (14.5) 152 (52.2)
 3 10 (3.5) 31 (10.7)
 4 0 6 (2.1)

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; BMI-z, standardized body mass index; PDSS, 
Pediatric Daytime Sleepiness Scale; SMR, sexual maturation rating.

https://doi.org/10.26815/acn.2022.0008084

Han T et al. • Sleep and Tanner Stage



were classified as SMR1, SMR2, SMR3, and SMR4, respectively 
(Table 1). 

4. Sleep duration and sleepiness in relation to SMR 
Table 2 presents the sleep duration data for the 381 children who 
answered the survey for sleep patterns. Sleep duration in adoles-
cents was inversely proportional to the SMR: 8.65 ± 0.81 hour/
night in SMR1, 8.51 ± 0.80 hour/night in SMR2, 7.89 ± 1.02 
hour/night in SMR3, and 7.67 ± 1.26 hour/night in SMR4 (Ta-
ble 2). Similarly, the bedtime was PM 10:58 ± AM 0:49 in 
SMR1, PM 11:07 ± AM 0:48 in SMR2, PM 11:42 ± AM 1:02 in 
SMR3, and PM 11:55 ± AM 0:52 in SMR4. The wake times were 
similar and did not differ significantly among participants with dif-
ferent SMRs (P= 0.616). The scores on the Korean version of the 
PDSS tended to increase with the SMR, but the differences were 
not significant: 11.44 ± 5.04 in SMR1, 11.34 ± 5.10 in SMR2, 
12.05 ± 5.50 in SMR3, and 14.50 ± 3.99 in SMR4 (P= 0.423). 
Even when the differences were analyzed based on values of 15 
(the cutoff value of 14 to 19 years) [14] and 11 (the average value 
of the PDSS), no statistically significant results were obtained. 

As shown in Table 3, after adjusting for sex and BMI-z, each rat-
ing increase in the SMR resulted in a delay of 0.251 hours in bed-
time (95% CI, 0.105 to 0.397 hours; P= 0.001), no significant 
changes in the wake time (P= 0.817), a reduction of 0.258 hours 
in sleep duration (95% CI, –0.403 to -0.114 hours; P= 0.001), and 
no significant change in the PDSS score (P= 0.310).  

Discussion 

This study evaluated sleep patterns according to sexual maturation 
during early puberty in adolescents, who often experience sleep 
deprivation compared to the recommended sleep duration [16]. 
The sex- and BMI-adjusted findings suggested that sleep onset was 
delayed and sleep duration decreased with development of sexual 
maturity. However, daytime sleepiness showed no significant 
changes related to SMR. This study is the first to investigate the ef-
fect of sexual maturation in Asian adolescents, who often experi-
ence sleep deprivation. 

Several previous studies have reported changes in sleep duration 
in adolescence. Rutter et al. [17] reported that sleep duration de-
creased according to the Tanner stage, after adjusting the findings 
for other confounding factors. Our findings showed that the total 
sleep duration per day decreased by approximately 0.258 hours for 
each stage increase in the SMR. Although this study had fewer ad-
olescents with a mature SMR, it showed a similar pattern of reduc-
tion in sleep duration as other studies (0.27 to 0.33 hours per Tan-
ner stage) [17,18]. However, a few studies did not observe signifi-
cant differences in sleep duration in relation to the Tanner stage 
[19]. The reasons underlying these discrepancies across different 
studies are unclear. 

Our findings also showed delayed sleep onset as the SMR in-
creased. Delayed sleep onset manifests as a phase delay in the circa-
dian timing system. Although such phase delays are known to be 
associated with pubertal and adolescent development, the under-

Table 2. Age, sleep pattern, and sleepiness according to sexual maturation

Variable No.
SMR

P value
1 (n=339) 2 (n=194) 3 (n=41) 4 (n=6)

Sleep duration (hr) 358 8.65±0.81 8.51±0.8 7.89±1.02 7.67±1.26 <0.001
Bedtime 358 PM 10:58±AM 0:49 PM 11:07±AM 0:48 PM 11:42±AM 1:02 PM 11:55±AM 0:52 <0.001
Wake time 580 AM 7:36±AM 0:27 AM 7:34±AM 0:27 AM 7:34±AM 0:26 AM 7:25±  AM 0:20 0.616
PDSS 580 11.44±5.04 11.34±5.10 12.05±5.50 14.5±3.99 0.423

Values are presented as mean±standard deviation.
SMR, sexual maturation rating; PDSS, Pediatric Daytime Sleepiness Scale.

Table 3. Sex and standardized BMI adjusted value according to the SMR

Variable Coefficient (95% CI) SEC P value
Sex BMI-z Fit of model

Coefficient P value Coefficient P value SEE R2 MSE MAE
Bedtime 0.251 (0.105 to 0.397) 0.074 0.001 0.024 0.804 0.068 0.139 0.833 0.05 0.689 0.635
Wake time 0.007 (–0.055 to 0.070) 0.032 0.817 –0.077 0.067 –0.051 0.007 0.454 0.02 0.198 0.331
Sleep duration –0.258 (–0.403 to –0.114) 0.074 0.001 –0.048 0.620 –0.072 0.116 0.827 0.057 28.133 3.64
PDSS 0.361 (–0.336 to 1.057) 0.355 0.310 –0.046 0.921 –0.234 0.266 5.093 0.004 25.819 4.174

BMI, body mass index; SMR, sexual maturation rating; CI, confidence interval; SEC, standard error of coefficient; BMI-z, standardized body mass index; SEE, 
standard error of estimate; MSE, mean squared error; MAE, mean absolute error; PDSS, pediatric daytime sleepiness scale.
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lying mechanism is unknown, and several attempts have been 
made to identify this mechanism. The intrinsic period of the circa-
dian timing system may slow through puberty in adolescence, 
thereby delaying the circadian phase and sleep onset. This may be 
due to the increased sensitivity of light during DLMO [6]. Anoth-
er study reported that human adolescents show a phase delay in 
DLMO according to age [4] and sexual maturation [5]. Delayed 
sleep onset in adolescence may also be caused by increased sleep 
latency [1,6]. Changes in phase-dependent sensitivity to light may 
cause phase delays, with strengthening of the delayed response to 
evening light and weakening of the advance response to morning 
light. Regarding DLMO, since homeostatic sleep pressure accu-
mulates faster in younger adolescents than in older adolescents, 
sleep onset after DLMO is faster [4]. Therefore, the older one gets, 
the slower sleep onset becomes. Our study also showed that sleep 
onset was delayed by approximately 0.25 hours for each rating in-
crease in SMR, supporting the findings of previous studies. 

We did not observe significant differences in sleepiness accord-
ing to the SMR. Delayed sleep onset causes a reduction in total 
sleep duration due to a fixed awake time, and various studies have 
shown sleepiness in individuals with a higher SMR [20]. 
Carskadon et al. [19] reported that teenagers in the higher SMR 
group were sleepier and presented short sleep latency. Another 
study also showed that the prevalence of excessive daytime sleepi-
ness increased with advanced pubertal maturation [21]; however, 
a longitudinal cohort study reported that subjective sleepiness was 
more closely related to age than to pubertal development [22]. 
Our study included early adolescents with the same school hours, 
which are known to be one of the most influential factors for sleep 
[23]. Therefore, we suggested that our findings regarding the effect 
of sexual maturation on sleepiness in early adolescents are more 
relevant than those of previous studies. 

Sleep deprivation may blunt the effects of sexual maturation on 
teenagers’ sleepiness. Multiple previous studies have reported that 
Korean and East Asian teenagers have severely limited sleep due to 
academic reasons [23]. These patterns have also been observed in 
elementary school students [8,13]. Age has been reported to cause 
sleepiness in various studies [13,18,20]. Moreover, age or school 
year can influence sleep duration due to the school start time. Un-
der conditions of sleep deprivation, age and school start time could 
have a greater influence on sleepiness than sexual maturation. 

This study had several limitations. Although the inclusion of 
children with SMR1, SMR2, and SMR3 allowed us to evaluate the 
effects of sexual maturation in the early stages of puberty, it may 
have resulted in an underestimation of the effect of later SMR stag-
es. In addition, we did not analyze adolescents’ chronotype (i.e., 
eveningness or morningness), which is also a factor influencing 

sleepiness in adolescents [24]. Moreover, we were not able to ob-
serve differences in the wake time according to the SMR, and this 
survey was conducted in a single season with participants who had 
a similar school start time. 

In conclusion, sleep onset is delayed and sleep duration decreas-
es with sexual maturation. However, this study found that puber-
ty-related changes in sleepiness did not appear in early puberty or 
in adolescents, who often experience sleep deprivation. Under-
standing the physiological delays in sleep related to puberty will be 
helpful for improving teenagers' quality of life. 

Conflicts of interest

No potential conflict of interest relevant to this article was report-
ed. 

ORCID 

Taehwan Han, https://orcid.org/0000-0003-2062-6513 
Kyu Young Chae, https://orcid.org/0000-0003-3243-5853 
Eun-Gyong Yoo, https://orcid.org/0000-0002-6452-655X  
Mo Kyung Jung, https://orcid.org/0000-0001-5904-4946 
Eun Kyo Ha, https://orcid.org/0000-0001-8863-5729 
Man Yong Han, https://orcid.org/0000-0002-9077-5779 
Hye Mi Jee, https://orcid.org/0000-0003-0128-065X
Seonkyeong Rhie, https://orcid.org/0000-0003-3371-8310 

Author contribution 

Conceptualization: TH and SR. Data curation: EKH, MYH, and 
HMJ. Formal analysis: TH and SR. Funding acquisition: EKH, 
MYH, and HMJ. Methodology: TH and SR. Project administra-
tion: MYH, HMJ, and SR. Visualization: TH and SR. Writ-
ing-original draft: TH. Writing-review & editing: TH, KYC, EGY, 
MKJ, and SR. 

Acknowledgements 

This study was supported by the Seongnam Atopy Project 
(SAP2017). Grant funding was provided by the metropolis of 
Seongnam. 

References 

1. Carskadon MA, Acebo C. Regulation of sleepiness in adoles-
cents: update, insights, and speculation. Sleep 2002;25:606-14. 

2. Peixoto CA, da Silva AG, Carskadon MA, Louzada FM. Ado-

https://doi.org/10.26815/acn.2022.0008086

Han T et al. • Sleep and Tanner Stage

http://orcid.org/0000-0003-2062-6513
http://orcid.org/0000-0003-3243-5853
http://orcid.org/0000-0002-6452-655X
https://doi.org/10.1080/15402000902762311


lescents living in homes without electric lighting have earlier 
sleep times. Behav Sleep Med 2009;7:73-80. 

3. Crowley SJ, Acebo C, Fallone G, Carskadon MA. Estimating 
dim light melatonin onset (DLMO) phase in adolescents using 
summer or school-year sleep/wake schedules. Sleep 2006;29: 
1632-41. 

4. Crowley SJ, Van Reen E, LeBourgeois MK, Acebo C, Tarokh L, 
Seifer R, et al. A longitudinal assessment of sleep timing, circa-
dian phase, and phase angle of entrainment across human ado-
lescence. PLoS One 2014;9:e112199. 

5. Taylor DJ, Jenni OG, Acebo C, Carskadon MA. Sleep tendency 
during extended wakefulness: insights into adolescent sleep reg-
ulation and behavior. J Sleep Res 2005;14:239-44. 

6. Crowley SJ, Cain SW, Burns AC, Acebo C, Carskadon MA. In-
creased sensitivity of the circadian system to light in early/
mid-puberty. J Clin Endocrinol Metab 2015;100:4067-73. 

7. Hagenauer MH, Perryman JI, Lee TM, Carskadon MA. Ado-
lescent changes in the homeostatic and circadian regulation of 
sleep. Dev Neurosci 2009;31:276-84. 

8. Olds T, Blunden S, Petkov J, Forchino F. The relationships be-
tween sex, age, geography and time in bed in adolescents: a me-
ta-analysis of data from 23 countries. Sleep Med Rev 2010;14: 
371-8. 

9. Park MJ, Lee IS, Shin EK, Joung H, Cho SI. The timing of sexu-
al maturation and secular trends of menarchial age in Korean 
adolescents. Korean J Pediatr 2006;49:610-6. 

10. Seo MY, Kim SH, Juul A, Park MJ. Trend of menarcheal age 
among Korean girls. J Korean Med Sci 2020;35:e406. 

11. Lee KA, McEnany G, Weekes D. Gender differences in sleep 
patterns for early adolescents. J Adolesc Health 1999;24:16-20. 

12. Snell EK, Adam EK, Duncan GJ. Sleep and the body mass index 
and overweight status of children and adolescents. Child Dev 
2007;78:309-23. 

13. Rhie S, Lee S, Chae KY. Sleep patterns and school performance 
of Korean adolescents assessed using a Korean version of the 
pediatric daytime sleepiness scale. Korean J Pediatr 2011;54:29-
35. 

14. Meyer C, Barbosa DG, Junior G, Andrade RD, Silva D, Pelegrini 

A, et al. Proposal of cutoff points for pediatric daytime sleepi-
ness scale to identify excessive daytime sleepiness. Chronobiol 
Int 2018;35:303-11. 

15. Euling SY, Herman-Giddens ME, Lee PA, Selevan SG, Juul A, 
Sorensen TI, et al. Examination of US puberty-timing data from 
1940 to 1994 for secular trends: panel findings. Pediatrics 
2008;121 Suppl 3:S172-91. 

16. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, Don-
Carlos L, et al. National Sleep Foundation's sleep time duration 
recommendations: methodology and results summary. Sleep 
Health 2015;1:40-3. 

17. Rutters F, Gerver WJ, Nieuwenhuizen AG, Verhoef SP, Wester-
terp-Plantenga MS. Sleep duration and body-weight develop-
ment during puberty in a Dutch children cohort. Int J Obes 
(Lond) 2010;34:1508-14. 

18. 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. 

19. Carskadon MA, Harvey K, Duke P, Anders TF, Litt IF, Dement 
WC. Pubertal changes in daytime sleepiness. Sleep 1980;2:453-
60. 

20. Campbell IG, Burright CS, Kraus AM, Grimm KJ, Feinberg I. 
Daytime sleepiness increases with age in early adolescence: a 
sleep restriction dose-response study. Sleep 2017;40:zsx046. 

21. Liu Y, Zhang J, Li SX, Chan NY, Yu M, Lam SP, et al. Excessive 
daytime sleepiness among children and adolescents: prevalence, 
correlates, and pubertal effects. Sleep Med 2019;53:1-8. 

22. Campbell IG, Higgins LM, Trinidad JM, Richardson P, Fein-
berg I. The increase in longitudinally measured sleepiness 
across adolescence is related to the maturational decline in 
low-frequency EEG power. Sleep 2007;30:1677-87. 

23. Yang CK, Kim JK, Patel SR, Lee JH. Age-related changes in 
sleep/wake patterns among Korean teenagers. Pediatrics 2005; 
115(1 Suppl):250-6. 

24. Gau SF, Soong WT. The transition of sleep-wake patterns in 
early adolescence. Sleep 2003;26:449-54. 

Ann Child Neurol 2022;30(3):82-87

87https://doi.org/10.26815/acn.2022.00080

https://doi.org/10.1080/15402000902762311
https://doi.org/10.1080/15402000902762311
https://doi.org/10.1093/sleep/29.12.1632
https://doi.org/10.1093/sleep/29.12.1632
https://doi.org/10.1093/sleep/29.12.1632
https://doi.org/10.1093/sleep/29.12.1632
https://doi.org/10.1371/journal.pone.0112199
https://doi.org/10.1371/journal.pone.0112199
https://doi.org/10.1371/journal.pone.0112199
https://doi.org/10.1371/journal.pone.0112199
https://doi.org/10.1111/j.1365-2869.2005.00467.x
https://doi.org/10.1111/j.1365-2869.2005.00467.x
https://doi.org/10.1111/j.1365-2869.2005.00467.x
https://doi.org/10.1210/jc.2015-2775
https://doi.org/10.1210/jc.2015-2775
https://doi.org/10.1210/jc.2015-2775
https://doi.org/10.1159/000216538
https://doi.org/10.1159/000216538
https://doi.org/10.1159/000216538
https://doi.org/10.1016/j.smrv.2009.12.002
https://doi.org/10.1016/j.smrv.2009.12.002
https://doi.org/10.1016/j.smrv.2009.12.002
https://doi.org/10.1016/j.smrv.2009.12.002
https://doi.org/10.3345/kjp.2006.49.6.610
https://doi.org/10.3345/kjp.2006.49.6.610
https://doi.org/10.3346/jkms.2020.35.e406
https://doi.org/10.3346/jkms.2020.35.e406
https://doi.org/10.1016/s1054-139x(98)00074-3
https://doi.org/10.1016/s1054-139x(98)00074-3
https://doi.org/10.1111/j.1467-8624.2007.00999.x
https://doi.org/10.1111/j.1467-8624.2007.00999.x
https://doi.org/10.1111/j.1467-8624.2007.00999.x
https://doi.org/10.3345/kjp.2011.54.1.29
https://doi.org/10.3345/kjp.2011.54.1.29
https://doi.org/10.3345/kjp.2011.54.1.29
https://doi.org/10.3345/kjp.2011.54.1.29
https://doi.org/10.1080/07420528.2017.1400980
https://doi.org/10.1080/07420528.2017.1400980
https://doi.org/10.1080/07420528.2017.1400980
https://doi.org/10.1080/07420528.2017.1400980
https://doi.org/10.1542/peds.2007-1813d
https://doi.org/10.1542/peds.2007-1813d
https://doi.org/10.1542/peds.2007-1813d
https://doi.org/10.1542/peds.2007-1813d
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1038/ijo.2010.161
https://doi.org/10.1038/ijo.2010.161
https://doi.org/10.1038/ijo.2010.161
https://doi.org/10.1038/ijo.2010.161
https://doi.org/10.1016/j.sleep.2010.11.011
https://doi.org/10.1016/j.sleep.2010.11.011
https://doi.org/10.1016/j.sleep.2010.11.011
https://doi.org/10.1016/j.sleep.2010.11.011
https://doi.org/10.1093/sleep/2.4.453
https://doi.org/10.1093/sleep/2.4.453
https://doi.org/10.1093/sleep/2.4.453
https://doi.org/10.1093/sleep/zsx046
https://doi.org/10.1093/sleep/zsx046
https://doi.org/10.1093/sleep/zsx046
https://doi.org/10.1016/j.sleep.2018.08.028
https://doi.org/10.1016/j.sleep.2018.08.028
https://doi.org/10.1016/j.sleep.2018.08.028
https://doi.org/10.1093/sleep/30.12.1677
https://doi.org/10.1093/sleep/30.12.1677
https://doi.org/10.1093/sleep/30.12.1677
https://doi.org/10.1093/sleep/30.12.1677
https://doi.org/10.1542/peds.2004-0815g
https://doi.org/10.1542/peds.2004-0815g
https://doi.org/10.1542/peds.2004-0815g
https://doi.org/10.1093/sleep/26.4.449
https://doi.org/10.1093/sleep/26.4.449

	Introduction 
	Materials and Methods 
	1. Participants 
	2. Sleep duration and daytime sleepiness 
	3. Sexual maturity  
	4. Ethics statement 
	5. Statistical analysis 

	Results 
	1. Sample characteristics 
	2. Sleep patterns and sleepiness 
	3. Sexual development  
	4. Sleep duration and sleepiness in relation to SMR 

	Discussion 
	Conflicts of interest 
	ORCID 
	Author contribution 
	Acknowledgements 
	References 

