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Abstract 

Background Several factors directly and indirectly influence child 
growth. Menarche is the initial menstrual period that is regulated 
by the hypothalamic-pituitary-gonadal axis. Both growth and menar- 
che are affected by biological, genetic, epigenetic, nutritional, and 
psychosocial factors. Boarding schools are assumed to encourage 
responsibility and maturity in children, but boarding schools are 
also reported to have less sleeping duration. 
Objectives The current study aims to assess whether there are differ- 
ences and associations in sleeping duration, physical activity, weight, 
height, body mass index (BMI), and age of menarche among stu- 
dents in boarding school and regular school. 
Sample and Methods 123 girls from boarding school and 90 from reg- 
ular school were selected. Students completed a questionnaire, and 
data on weight, height, and BMI were collected. Weight, height, and 
BMI were transformed into standard deviation score (SDS) accord- 
ing to the WHO growth chart. The data were processed using an in- 
dependent t-test, multiple regression analysis, and St. Nicolas house 
analysis. 
Results Independent t-test results showed that there are differences 
in the median sleep duration (5.36 hours vs. 7.14 hours), weight SDS 
(-0.09 vs. 0.41), height SDS (-0.65 vs. 0.05), and age of menarche (11.6 
vs. 11 years old), respectively, for boarding school and regular school, 
while there are no differences in physical activity and BMI SDS. Mul- 
tiple regression analysis and St. Nicolas house analysis showed that 
sleep duration has a correlation with weight SDS, height SDS, and 
age of menarche (p < 0.05). 
Conclusions There is an association between sleep duration, growth, 
and menarche. Girls with less sleep duration have lower height and 
weight and are delayed in the age of menarche. 

Take-home message for students Sleep length of girls from an Indonesian boarding school was shorter 
than sleep duration of girls who lived at home. The slimness, short stature, and considerable delay of 
menarche in the sleep-deprived boarding school girls were recognized. This underscores the need for 
proper sleep to support optimal growth and puberty in children. 
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Introduction 

Linear growth is regarded as the “best uni- 
versal indicator[s] of child wellness” in gen- 
eral health (Scheffler et al. 2020; Thomp- 
son 2021). Menarche is the first menstrual 
period that is easily memorized in the de- 
velopment of a woman’s sexual maturity 
(Krzyżanowska et al. 2016; Yermachenko 
and Dvornyk 2014). Several factors directly 
and indirectly influence child growth and 
puberty (Hermanussen et al. 2022; Rogol 
et al. 2000; Waterlow 1996) among which 
adequate sleep is essential. Children aged 
13–18 years old are recommended to get 
8–10 hours of sleep per day to achieve good 
health. Sufficient duration, suitable tim- 
ing, high quality, regularity, and absence of 
sleep disruptors are necessary for a healthy 
sleep. One of the sleep parameters that is 
regularly studied in relation to health is 
the duration of sleep (Hirshkowitz et al. 
2015; Paruthi et al. 2016). Over the last 
103 years, the duration of sleep has rapidly 
declined among children and adolescents. 

The duration of sleep has been reduced 
by 10–12 minutes per year and is linked 
to later bedtime coupled with consistent 
or earlier getting up (Campbell et al. 2023; 
Matricciani et al. 2012). 
Sleep duration differs among students from 
different countries. Sleep duration in Fin- 
land, France, Hungary, Italy, the Nether- 
lands, South Africa, South Korea, Spain, 
and the UK range from 7:21 hours (South 
Korea) to 8:46 hours (South Africa, UK) 
on schooldays (Garcia-Roman et al. 2024). 
Few studies have investigated the determi- 
nant factors of sleep quality and quantity in 
children. Social, demographic, economic, 
environmental, culture, screen time, and 
medical conditions can influence sleep 
duration in children (Fadzil 2021; Hense 
et al. 2011; Yip et al. 2020; Yoo 2020) as 
well as the educational environment (Al- 
fonsi et al. 2020; Chan et al. 2018; Yeo et al. 
2019). A study in South Korea explained 
that extracurricular activities, school as- 
signments, examination preparation, and 
early class start time can cause lack of sleep 
among students (Yang et al. 2005). Hong 
Kong’s boarding students report signifi- 
cantly lower sleep durations (6–7 hours) 
than recommended (Chan et al. 2018). 
The boarding school concept, which origi- 
nated in British public schools, is a regular 
form of school that combines the academic 
and personal lives of students and also 
provides them with board and lodging 
(Zhong et al. 2024). Evidence states that 
boarding school students achieve greater 
academic sucess than non-boarding school 
students (Curto and Fryer 2014; Foliano 
et al. 2019). However, since students are 
separated from their parents and familiar 
surroundings, boarding school may also 
be stressful for them, which can be vital 
during crucial growth phases (Chang et al. 
2023). 
To the best of our knowledge, until now, 
there is no specific government policy re- 
garding the regulation of boarding schools 
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in Indonesia. In a discussion by the Indone- 
sia Ministry of Education and Culture, it 
was stated that boarding schools are a vi- 
able educational model to improve access 
to high-quality education and instill a pos- 
itive character into students as boarding 
schools require students to share dormito- 
ries and to closely interact with teachers 
and peers (Research Center for Education 
and Culture Policy – Indonesia Ministry of 
Education and Culture 2018). We aimed to 
assess whether there are differences and 
associations between sleep duration, physi- 
cal activity, weight, height, BMI, and age of 
menarche among girls of boarding school 
and regular school. We hypothesized that 
sleep duration differs between boarding 
school and non-boarding school girls and 
that the sleep duration influences students’ 
weight, height, BMI, and age of menar- 
che. 

Sample and Methods 

This observational study was conducted 
among 123 girls aged 12–18 from board- 
ing high school and 90 girls from regular 
high school in East Java, Indonesia. The 
study was approved by the Ethics Commit- 
tee of the Faculty of Medicine, Universi- 
tas Airlangga with the protocol number 
17/EC/KEPK/FKUA/2024. All subjects 
provided written informed permission in 
compliance with the institutional Human 
Investigation Committee rules and the 
Declaration of Helsinki. The study was 
conducted in March–May 2024. 
A qualified examiner assessed each anthro- 
pometric characteristic. Weight measure- 
ments were performed using a digital scale 
(Onemed®), offering precision to within 
100 grams. Height measurements were ob- 
tained using a microtoise (GEA Medical®) 
or stadiometer, assuring accuracy to the 

closest 1.0 millimeter. Weight, height, and 
body mass index (BMI) were transformed 
into standard deviation score (SDS) accord- 
ing to the WHO growth chart. The age 
of menarche was obtained from students’ 
self-remembering of the month and year or 
their age at the onset of first menstruation. 
Sleep duration was derived fromstudents’ 
self-reports. Physical activity was assessed 
by PAQ-A (Physical Activity Questionnaire 
for Adolescents). PAQ-A consisted of 8 
questions. After assigning a score from 1 
to 5 for each of the 8 items (items 1 to 8) 
included in the physical activity composite 
score, the mean of these 8 items is calcu- 
lated to obtain the final PAQ-A activity 
summary score. A score of 1 signifies min- 
imal physical activity, whereas a score of 5 
denotes maximal physical activity (Rahayu 
et al. 2022; Kowalski et al. 2004). 
An independent t-test was used to analyze 
the difference of each variable between 
regular school and boarding school. Sub- 
sequently, a Spearman correlation matrix 
and a multivariate regression model were 
used with height SDS, weight SDS, BMI 
SDS, and age of menarche as the depen- 
dent variables, then sleep duration, PAQ 
score, school type, and parental educa- 
tion as the independent variables, with a 
significance level set at 0.05. St. Nicolas 
House Analysis (SNHA) (Hermanussen 
et al. 2021) was used to translate corre- 
lation matrices into network graphs by 
tracing “association chains”. SNHA serves 
to identify and illustrate extensive interac- 
tions among variables. Data analysis was 
conducted using RStudio, an open-source 
software (RCoreTeam 2023). 

Results 

The characteristic data of the students are 
shown in Table 1. The mean sleep dura- 
tion is 5.36 hours in the boarding school 
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versus 7.14 hours in regular school. The 
average age of menarche was 11.6 years 
old in boarding school and 11 years old in 
regular school. Parents who have recently 
attended college are more common among 
boarding school students. 
When comparing sleep duration in board- 
ing school, the median is lower than in 
regular school (5.36 hours vs. 7.14 hours, 
p<0.05), which is clinically relevant. There 
is no difference in physical activity (Fig- 
ure 1). The difference in age of menar- 
che (11.58 years (boarding school) vs. 
11.04 years (regular school)) is significant 
(p<0.05). Height SDS and weight SDS 
also differed between boarding school stu- 
dents and those of regular school (p<0.05), 
whereas there was no remarkable differ- 
ence in BMI SDS (Figure 2). 
A Spearman correlation test was performed 
to analyze the correlation among the vari- 
ables (Figure 3a). The correlation between 
weight SDS and BMI SDS was strongest 
(r=0.89), followed by the correlation be- 
tween school type and sleep time (r=0.76). 
The most pronounced negative correlation 
was seen between maternal education and 
school type (r=-0.49), followed by the asso- 

ciation between age of menarche and BMI 
SDS (r=0.35). To clarify the link between 
the variables, we illustrated the findings 
using SNHA (Figure 3b). 

A multiple regression analysis was con- 
ducted to study whether sleep duration, 
physical activity, school type, and parental 
education can predict height SDS and age 
of menarche. Multiple regression analysis 
showed that sleep duration was a signifi- 
cant predictor of height SDS, weight SDS, 
BMI SDS, and age of menarche (Table 2) 

Discussion 

This study shows that students from both 
schools sleep less than recommended. 
Boarding school students sleep almost 2 
hours less than students in regular school. 
Sleep-deprived girls in boarding school are 
slimmer, shorter, and have a significant 
delay in the age of menarche compared 
to girls in regular school who sleep more. 
There is no difference between physical ac- 
tivity and BMI in both boarding school and 

Table 1 Characteristics of Indonesian girls from boarding school and regular school. 

Characteristics Boarding school (n= 123) Regular school (n= 90) 

Age (y), mean (SD) 14.25 (1.26) 12.38 (1.29) 

Junior high school 2 2 
Senior high school 18 57 

Mother’s 
education 
(freq) College 103 31 

Junior high school 1 1 
Senior high school 6 21 

Father 
education 
(freq) College 116 68 

Weight SDS, mean (SD) -0.092 (1.15) 0.42 (1.20) 
Height SDS, mean (SD) -0.66 (0.76) 0.05 (1.09) 
BMI SDS, mean (SD) 0.304 (1.02) 0.394 (1.28) 
Age of menarche (y), mean (SD) 11.6 (1.07) 11.0 (0.86) 
Sleep duration (hours), mean (SD) 5.36 (0.78) 7.14 (0.77) 
Physical activity (PAQ-A score), mean (SD) 2.19 (0.54) 2.14 (0.53) 
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Figure 1 Comparison between sleep duration and physical activity of 12–18-year-old Indonesian girls of a boarding school and a regular 
school. 

regular school. A moderate-to-strong age 
effect exists regarding adolescent school- 
night bedtimes and total sleep duration. 
Older adolescents go to bed later and 
sleep less. This effect is stronger in Asian 
teenagers who retire later than their North 
American peers, sleep less than European 
adolescents, and have higher levels of day- 
time drowsiness compared to adolescents 
from other countries (Gradisar et al. 2011). 
To ensure optimal health, adolescents aged 
14–18 years should consistently have 8–10 

hours of sleep in each 24-hour period (Loo 
et al. 2022). 
Research on sleep duration in secondary 
boarding school students provided differ- 
ent results. Nashwan et al. 2023) showed 
that the mean sleep duration in an Islamic 
boarding school in Malaysia was 5 hours 21 
minutes, with a standard deviation (SD) of 
1 hour 5 minutes Owens et al. 2010) study 
in an independent coeducational college 
preparatory boarding and day school serv- 
ing grades 9 to 12 showed that boarding 

Table 2 Multiple regression analysis between physical activity, sleep duration, parents’ education and growth, and age of menarche of 
213 Indonesian girls 

Dependent variables 
Independent variables 

Height SDS Weight SDS BMI SDS Age of menarche 

Physical activity 
(PAQ-A score) -0.03 (ns) -0.1 (ns) -0.14 (ns) 0.01 (ns) 

Sleep duration 0.27 (p<0.01) 0.24 (p=0.01) 0.06 (ns) -0.16 (p<0.01) 
Father’s education -0.32 (ns) 0.24 (ns) 1.9 (ns) -0.34 (ns) 
Mother’s education 0.13 (ns) 0.08 (ns) 0.01 (ns) 0.22 (ns) 
Adjusted R-squared 0.11 0.03 0.01 0.04 

p-value <0.01 0.01 ns 0.01 
F-statistic 7.44 3.05 1.46 3.22 
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Figure 2 Differences in height SDS, weight SDS, BMI SDS, and age of menarche of 12–18-year-old Indonesian girls of a boarding school 
and a regular school. 

students sleep shorter only on non-school 
nights but not on school nights, compared 
to day-students. Conversely, Kalak et al. 
2019) observed that boarding students had 
a longer sleep duration. Paradoxically, they 
also indicated that boarding students had 
more sleep problems than day students, 
even though they slept more. Reardon et al. 
2023) documented those boarding students, 
in contrast to day-students, reported addi- 
tional 40 minutes of sleep every weekday 
(p<0.001), an earlier sleep start (p=0.026), 
and a later wake-up time (p=0.008). 
The longer sleep duration of boarding 
students can be partially ascribed to a 
consistent nighttime routine and the re- 

striction of technology usage after bed- 
time. A consistent schedule that allows 
for sufficient sleep is recognized as essen- 
tial for children’s sleep. Boarding entails a 
highly organized atmosphere, with desig- 
nated hours for athletics, dining, academic 
pursuits, and social interaction, alongside 
stringent lights-out and wake-up schedules. 
Although acclimatization to boarding may 
need time, the established daily pattern 
might enhance sleep hygiene and facilitate 
sleep. Establishing a bedtime that allows 
for a minimum of 9–10 hours of sleep will 
further guarantee that sleep requirements 
are fulfilled (Hall and Nethery 2019; Man- 
der and Lester 2021). 
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Figure 3 (a) Spearman correlation matrix for pairwise correlations between anthropometric variables, parents’ education, physical 
activity, and sleep duration of 12–18-year-old Indonesian girls of a boarding school and a regular school. Blue circles indicate positive 
correlations; red circles indicate negative correlations. (b) St. Nicolas House Analysis (SNHA) for all the variables. Red lines indicate 
negative associations; gray lines indicate positive associations. SCHOOL=school type, Fedu=father’s education, Medu=mother’s educa- 
tion 
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There is evidence that lack of sleep among 
students has a negative correlation with 
height SDS. Sleep-depleted students are 
shorter than students with longer duration 
of sleep. Shorter sleep was associated with 
shorter body length in the first two years 
of life. Previous studies in older children 
suggest that sleep duration might influ- 
ence body weight and length from infancy 
onwards (Zhou et al. 2015). Nocturnal 
Growth Hormone (GH) secretion depends 
on sleep and is released early after sleep 
starts, or in temporal correlation with the 
initial phase of slow-wave sleep (stages 3 
and 4). 
This study revealed that children with 
less sleep duration in boarding school 
have lower weight SDS than children in 
regular school. This data is similar to an 
earlier investigation that discovered that 
lean children who sleep for 10 hours or 
more increase more in weight and BMI 
than children who sleep less than 9 hours. 
This indicates that lean children may re- 
quire additional sleep to increase weight 
(Jiang et al. 2014). This finding contradicts 
many prior studies that concluded that 
insufficient sleep predisposes to weight in- 
crease and obesity (Al-Hazzaa et al. 2012; 
Chaput et al. 2023; Han et al. 2022; Hitze 
et al. 2009). Our data suggest U-shaped or 
more complex non-linear links between 
sleep and anthropometric variables (Has- 
san et al. 2011; Knutson and Lauderdale 
2007; Lowry et al. 2012). 
Our results concerning the role of sleep 
duration and age of menarche correspond 
with the study of Zhu et al. 2023) who 
showed that children aged 9 to <11years 
who sleep less than recommended have 
later menarche. This was different in chil- 
dren age >11years who sleep less than 
recommended. Late menarche in the sleep- 
deprived children of our study contradicts 
previous research that suggests an asso- 
ciation between poor sleep duration and 

earlier onset of the first menstrual period 
(Diao et al. 2020; Tang et al. 2023) 
The retardation of growth and age of 
menarche in sleep-deprived children may 
be linked to stress. Decreased sleep dura- 
tion and daytime drowsiness correlate with 
worse academic, behavioral, and psycho- 
logical outcomes. These adolescents show 
less school satisfaction, higher absenteeism 
and tardiness, and inferior academic per- 
formance. Prolonged bedtime and reduced 
sleep duration correlate with higher anx- 
iety and sadness, suicidal ideation, an 
augmented propensity for hazardous be- 
havior, and a greater vehicular accident 
risk (Campbell et al. 2023). Two primary 
pathways are activated: 1) the hypothala- 
mic-pituitary-adrenal (HPA) axis, and 2) 
the sympathetic-adrenomedullary (SAM) 
system, which generates catecholamines 
including epinephrine (adrenaline), nore- 
pinephrine (noradrenaline), and dopamine 
(Fernald and Grantham-McGregor 2002). 
Persistent activation of the stress system 
and hypercortisolism adversely affect the 
development, thyroid function, reproduc- 
tion, and puberty, as well as metabolism. 
Elevated cortisol inhibits the growth hor- 
mone-insulin-like growth factor 1 axis, the 
hypothalamic-pituitary-gonadal axis, and 
the thyroid axis (Mousikou et al. 2023). 
Given the significance of sleep for chil- 
dren’s well-being, there is an increasing 
need for further research and for sleep rec- 
ommendations for children in Indonesia. 
Lo and colleagues emphasized that adoles- 
cent male boarding students (aged 15–19 
years) should not compromise sleep qual- 
ity for academic performance and that staff 
should recognize the cumulative adverse 
effects of inadequate sleep on mood, at- 
tention, working memory, and processing 
speed. Moreover, this effect did not revert 
to baseline following two nights of recov- 
ery sleep and was not entirely mitigated by 
weekend catch-up sleep (Lo et al. 2016; Lo 
et al. 2017). Adjusting the school start times 
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may improve the child’s sleep. Research at 
an international boarding school in Hong 
Kong indicated that students increased 
sleep duration by 35 minutes following the 
postponement of school start from 7:30 
AM in 2016–2017 to 8:30 AM in 2017–2018 
(Chan et al. 2018). 
Overall, these findings support our hypoth- 
esis that there is a disparity in sleep length 
between boarding and non-boarding school 
children and that the duration of sleep has 
an impact on weight, height, BMI, and age 
of menarche. 
This study has several limitations. First, the 
sleep duration information was obtained by 
self-reporting, which may introduce data 
bias. Second, our study largely concen- 
trated on nocturnal sleep duration and did 
not analyze sleep scheduling or day sleep 
duration. Third, our study did not evaluate 
additional factors associated with growth 
and menarche, such as diet, depression, or 
other parental data. Thus, more detailed 
data and a larger population are required. 
Future research may utilize actigraphy to 
accurately assess sleep measurement. 

Conclusion 

Both boarding school girls and girls from 
regular schools did not meet the recom- 
mendations for total sleep duration. There 
is an association between sleep duration, 
growth, and menarche. Girls who sleep 
less have shorter height, lower weight, and 
are delayed in menarche. The findings con- 
tribute to the literature on the impact of 
sleep on children’s growth and puberty 
and highlight the need for further research 
in this area. This study highlights the ne- 
cessity of developing appropriate sleep 
recommendations to normalize children’s 
growth and pubertal development. 

Acknowledgements 

I would like to express my gratitude to 
PD Dr. Christiane Scheffler, PhD; Prof. Dr. 
Michael Hermanussen, MD; Dr. Detlef 
Groth, Prof. Barry Bogin, MA, PhD; and 
the University of Potsdam for KoUP fund- 
ing and hosting the summer school and 
for their invaluable aid in comprehending 
statistics in R, as well as their patient assis- 
tance throughout the program. 

References 

Alfonsi, V./Palmizio, R./Rubino, A./Scarpelli, S./Gor- 
goni, M./D’Atri, A./Pazzaglia, M./Ferrara, M./Giuliano, 
S./Gennaro, L. de (2020). The Association Between 
School Start Time and Sleep Duration, Sustained Atten- 
tion, and Academic Performance. Nature and Science of 
Sleep 12, 1161–1172. https://doi.org/10.2147/NSS.S2738 
75. 

Al-Hazzaa, H. M./Musaiger, A. O./Abahussain, N. A./Al- 
Sobayel, H. I./Qahwaji, D. M. (2012). Prevalence of 
short sleep duration and its association with obesity 
among adolescents 15- to 19-year olds: A cross-sectional 
study from three major cities in Saudi Arabia. Annals of 
Thoracic Medicine 7 (3), 133–139. https://doi.org/10.410 
3/1817-1737.98845. 

Campbell, I. G./Cruz-Basilio, A./Figueroa, J. G./Bottom, 
V. B. (2023). Earlier Bedtime and Its Effect on Adoles- 
cent Sleep Duration. Pediatrics 152 (1). https://doi.org/1 
0.1542/peds.2022-060607. 

Chan, C. S./Poon, C. Y. S./Leung, J. C. Y./Lau, K. N. 
T./Lau, E. Y. Y. (2018). Delayed school start time is asso- 
ciated with better sleep, daytime functioning, and life 
satisfaction in residential high-school students. Journal 
of Adolescence 66, 49–54. https://doi.org/10.1016/j.adol 
escence.2018.05.002. 

Chang, F./Huo, Y./Zhang, S./Zeng, H./Tang, B. (2023). 
The impact of boarding schools on the development 
of cognitive and non-cognitive abilities in adolescents. 
BMC Public Health 23 (1), 1852. https://doi.org/10.1186/ 
s12889-023-16748-8. 

Chaput, J.-P./McHill, A. W./Cox, R. C./Broussard, J. 
L./Dutil, C./Da Costa, B. G. G./Sampasa-Kanyinga, 
H./Wright, K. P. (2023). The role of insufficient sleep 
and circadian misalignment in obesity. Nature Reviews. 
Endocrinology 19 (2), 82–97. https://doi.org/10.1038/s41 
574-022-00747-7. 

https://doi.org/10.2147/NSS.S273875
https://doi.org/10.2147/NSS.S273875
https://doi.org/10.4103/1817-1737.98845
https://doi.org/10.4103/1817-1737.98845
https://doi.org/10.1542/peds.2022-060607
https://doi.org/10.1542/peds.2022-060607
https://doi.org/10.1016/j.adolescence.2018.05.002
https://doi.org/10.1016/j.adolescence.2018.05.002
https://doi.org/10.1186/s12889-023-16748-8
https://doi.org/10.1186/s12889-023-16748-8
https://doi.org/10.1038/s41574-022-00747-7
https://doi.org/10.1038/s41574-022-00747-7


10 R.K. Perwitasari et al. • Sleep duration and growth • HBPH 2025 Vol. 1 • pp. 1–12 

Curto, V. E./Fryer, R. G. (2014). The Potential of Urban 
Boarding Schools for the Poor: Evidence from SEED. 
Journal of Labor Economics 32 (1), 65–93. https://doi.or 
g/10.1086/671798. 

Diao, H./Wang, H./Yang, L./Li, T. (2020). The associa- 
tion between sleep duration, bedtimes, and early puber- 
tal timing among Chinese adolescents: a cross-sectional 
study. Environmental Health and Preventive Medicine 
25 (1), 21. https://doi.org/10.1186/s12199-020-00861-w. 

Fadzil, A. (2021). Factors Affecting the Quality of Sleep 
in Children. Children 8 (2). https://doi.org/10.3390/chil 
dren8020122. 

Fernald, L. C./Grantham-McGregor, S. M. (2002). 
Growth retardation is associated with changes in the 
stress response system and behavior in school-aged 
jamaican children. The Journal of Nutrition 132 (12), 
3674–3679. https://doi.org/10.1093/jn/132.12.3674. 

Foliano, F./Green, F./Sartarelli, M. (2019). Away from 
home, better at school. The case of a British boarding 
school. Economics of Education Review 73, 101911. http 
s://doi.org/10.1016/j.econedurev.2019.101911. 

Garcia-Roman, J./Gracia, P./Zerbini, G. (2024). Cross-na- 
tional differences in adolescents’ sleep patterns: a time- 
use approach. International Journal of Adolescence and 
Youth 29 (1). https://doi.org/10.1080/02673843.2024.233 
5198. 

Gradisar, M./Gardner, G./Dohnt, H. (2011). Recent 
worldwide sleep patterns and problems during adoles- 
cence: a review and meta-analysis of age, region, and 
sleep. Sleep Medicine 12 (2), 110–118. https://doi.org/10. 
1016/j.sleep.2010.11.008. 

Hall, W. A./Nethery, E. (2019). What does sleep hygiene 
have to offer children’s sleep problems? Paediatric Respi- 
ratory Reviews 31, 64–74. https://doi.org/10.1016/j.prrv. 
2018.10.005. 

Han, S.-H./Yee, J.-Y./Pyo, J.-S. (2022). Impact of Short 
Sleep Duration on the Incidence of Obesity and Over- 
weight among Children and Adolescents. Medicina 58 
(8). https://doi.org/10.3390/medicina58081037. 

Hassan, F./Davis, M. M./Chervin, R. D. (2011). No 
independent association between insufficient sleep 
and childhood obesity in the National Survey of Chil- 
dren’s Health. Journal of Clinical Sleep Medicine 7 (2), 
153–157. 

Hense, S./Barba, G./Pohlabeln, H./Henauw, S. de/Mar- 
ild, S./Molnar, D./Moreno, L. A./Hadjigeorgiou, C./Vei- 
debaum, T./Ahrens, W. (2011). Factors that influence 
weekday sleep duration in European children. Sleep 34 
(5), 633–639. https://doi.org/10.1093/sleep/34.5.633. 

Hermanussen, M./Aßmann, C./Groth, D. (2021). Chain 
Reversion for Detecting Associations in Interacting 
Variables-St. Nicolas House Analysis. International 
Journal of Environmental Research and Public Health 
18 (4). https://doi.org/10.3390/ijerph18041741. 

Hermanussen, M./Erofeev, S./Scheffler, C. (2022). The 
socio-endocrine regulation of human growth. Acta 
Paediatrica 111 (11), 2077–2081. https://doi.org/10.1111/ 
apa.16504. 

Hirshkowitz, M./Whiton, K./Albert, S. M./Alessi, 
C./Bruni, O./DonCarlos, L./Hazen, N./Herman, J./Katz, 
E. S./Kheirandish-Gozal, L./Neubauer, D. N./O’Donnell, 
A. E./Ohayon, M./Peever, J./Rawding, R./Sachdeva, R. 
C./Setters, B./Vitiello, M. V./Ware, J. C./Adams Hillard, 
P. J. (2015). National Sleep Foundation’s sleep time 
duration recommendations: methodology and results 
summary. Sleep Health 1 (1), 40–43. https://doi.org/10.1 
016/j.sleh.2014.12.010. 

Hitze, B./Bosy-Westphal, A./Bielfeldt, F./Settler, 
U./Plachta-Danielzik, S./Pfeuffer, M./Schrezenmeir, 
J./Mönig, H./Müller, M. J. (2009). Determinants and im- 
pact of sleep duration in children and adolescents: data 
of the Kiel Obesity Prevention Study. European Journal 
of Clinical Nutrition 63 (6), 739–746. https://doi.org/10.1 
038/ejcn.2008.41. 

Jiang, Y.-R./Spruyt, K./Chen, W.-J./Shen, X.-M./Jiang, 
F. (2014). Somatic growth of lean children: the potential 
role of sleep. World Journal of Pediatrics 10 (3), 245–250. 
https://doi.org/10.1007/s12519-014-0500-2. 

Kalak, N./Gerber, M./Bahmani, D. S./Kirov, R./Pühse, 
U./Holsboer-Trachsler, E./Brand, S. (2019). Effects of 
earlier bedtimes on sleep duration, sleep complaints and 
psychological functioning in adolescents. Somnologie 23 
(2), 116–124. https://doi.org/10.1007/s11818-019-0202-z. 

Knutson, K. L./Lauderdale, D. S. (2007). Sleep duration 
and overweight in adolescents: self-reported sleep hours 
versus time diaries. Pediatrics 119 (5), e1056-62. https:// 
doi.org/10.1542/peds.2006-2597. 

Kowalski, K. C./Crocker, P./Donen, R. M. (2004). The 
Physical Activity Questionnaire for Older Children 
(PAQ-C) and Adolescents (PAQ-A) Manual. Saskatoon, 
University of Saskatchewan. 

Krzyżanowska, M./Mascie-Taylor, C. G. N./Thalabard, 
J.-C. (2016). Biosocial correlates of age at menarche 
in a British cohort. Annals of Human Biology 43 (3), 
235–240. https://doi.org/10.3109/03014460.2015.105989 
0. 

Lo, J. C./Lee, S. M./Teo, L. M./Lim, J./Gooley, J. J./Chee, 
M. W. L. (2017). Neurobehavioral Impact of Successive 
Cycles of Sleep Restriction With and Without Naps in 
Adolescents. Sleep 40 (2). https://doi.org/10.1093/sleep/ 
zsw042. 

https://doi.org/10.1086/671798
https://doi.org/10.1086/671798
https://doi.org/10.1186/s12199-020-00861-w
https://doi.org/10.3390/children8020122
https://doi.org/10.3390/children8020122
https://doi.org/10.1093/jn/132.12.3674
https://doi.org/10.1016/j.econedurev.2019.101911
https://doi.org/10.1016/j.econedurev.2019.101911
https://doi.org/10.1080/02673843.2024.2335198
https://doi.org/10.1080/02673843.2024.2335198
https://doi.org/10.1016/j.sleep.2010.11.008
https://doi.org/10.1016/j.sleep.2010.11.008
https://doi.org/10.1016/j.prrv.2018.10.005
https://doi.org/10.1016/j.prrv.2018.10.005
https://doi.org/10.3390/medicina58081037
https://doi.org/10.1093/sleep/34.5.633
https://doi.org/10.3390/ijerph18041741
https://doi.org/10.1111/apa.16504
https://doi.org/10.1111/apa.16504
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/ejcn.2008.41
https://doi.org/10.1038/ejcn.2008.41
https://doi.org/10.1007/s12519-014-0500-2
https://doi.org/10.1007/s11818-019-0202-z
https://doi.org/10.1542/peds.2006-2597
https://doi.org/10.1542/peds.2006-2597
https://doi.org/10.3109/03014460.2015.1059890
https://doi.org/10.3109/03014460.2015.1059890
https://doi.org/10.1093/sleep/zsw042
https://doi.org/10.1093/sleep/zsw042


R.K. Perwitasari et al. • Sleep duration and growth • HBPH 2025 Vol. 1 • pp. 1–12 11 

Lo, J. C./Ong, J. L./Leong, R. L. F./Gooley, J. J./Chee, M. 
W. L. (2016). Cognitive Performance, Sleepiness, and 
Mood in Partially Sleep Deprived Adolescents: The Need 
for Sleep Study. Sleep 39 (3), 687–698. https://doi.org/10. 
5665/sleep.5552. 

Loo, B. K. G./Okely, A. D./Pulungan, A./Jalaludin, M. Y. 
(2022). Asia-Pacific Consensus Statement on integrated 
24-hour activity guidelines for children and adolescents. 
British Journal of Sports Medicine 56 (10), 539–545. http 
s://doi.org/10.1136/bjsports-2021-104527. 

Lowry, R./Eaton, D. K./Foti, K./McKnight-Eily, L./Perry, 
G./Galuska, D. A. (2012). Association of Sleep Duration 
with Obesity among US High School Students. Journal 
of Obesity 2012, 476914. https://doi.org/10.1155/2012/47 
6914. 

Mander, D./Lester, L. (2021). Adolescent sleep quality: 
An exploratory study of sleep complaints and impacts 
for boarding students from regional and remote com- 
munities in Years 7 to 12. Australian and International 
Journal of Rural Education 31 (2), 1–17. https://doi.org/ 
10.47381/aijre.v31i2.303. 

Matricciani, L./Olds, T./Petkov, J. (2012). In search of 
lost sleep: secular trends in the sleep time of school-aged 
children and adolescents. Sleep Medicine Reviews 16 (3), 
203–211. https://doi.org/10.1016/j.smrv.2011.03.005. 

Mousikou, M./Kyriakou, A./Skordis, N. (2023). Stress 
and Growth in Children and Adolescents. Hormone 
Research in Paediatrics 96 (1), 25–33. https://doi.org/10. 
1159/000521074. 

Nashwan, M./Nasarudin, M./Ahmad, R./Fazidah As- 
muje, N. (2023). Body Mass Index and Sleep Duration 
in Boarding School Students: A Cross-Sectional Study 
at Kolej PERMATA Insan. Nilai, Negeri Sembilan, 
Malaysia 2023. Available online at https://oarep.usim. 
edu.my/server/api/core/bitstreams/9f01e86c-fc99-47f1-b 
8f2-015bbd7a1cad/content. 

Owens, J. A./Belon, K./Moss, P. (2010). Impact of de- 
laying school start time on adolescent sleep, mood, and 
behavior. Archives of Pediatrics & Adolescent Medicine 
164 (7), 608–614. https://doi.org/10.1001/archpediatrics. 
2010.96. 

Paruthi, S./Brooks, L. J./D’Ambrosio, C./Hall, W. A./Ko- 
tagal, S./Lloyd, R. M./Malow, B. A./Maski, K./Nichols, 
C./Quan, S. F./Rosen, C. L./Troester, M. M./Wise, M. S. 
(2016). Recommended Amount of Sleep for Pediatric 
Populations: A Consensus Statement of the American 
Academy of Sleep Medicine. Journal of Clinical Sleep 
Medicine 12 (6), 785–786. https://doi.org/10.5664/jcsm.5 
866. 

Rahayu, A./Sumaryanti, S./Arovah, N. I. (2022). The 
Validity and Reliability of the Physical Activity Question- 
naires (PAQ-A) among Indonesian Adolescents during 
Online and Blended Learning Schooling. Physical Edu- 
cation Theory and Methodology 22 (2), 173–179. https:// 
doi.org/10.17309/tmfv.2022.2.04. 

RCoreTeam (2023). The R Project for Statistical Comput- 
ing. Durham, NC, USA 2023. Available online at https:// 
www.r-project.org/. 

Reardon, A./Lushington, K./Junge, A./Crichton, J./Agos- 
tini, A. (2023). Boarding versus day-students: A mixed- 
methods analysis of sleep and its relationship with psy- 
chological distress. The British Journal of Educational 
Psychology 93 (4), 1146–1170. https://doi.org/10.1111/bj 
ep.12624. 

Research Center for Education and Culture Policy – 
Indonesia Ministry of Education and Culture (2018). 
Pengelolaan Sekolah Berasrama di Indonesia. 

Rogol, A. D./Clark, P. A./Roemmich, J. N. (2000). 
Growth and pubertal development in children and 
adolescents: effects of diet and physical activity. The 
American Journal of Clinical Nutrition 72 (2 Suppl), 
521S-8S. https://doi.org/10.1093/ajcn/72.2.521S. 

Scheffler, C./Hermanussen, M./Bogin, B./Liana, D. 
S./Taolin, F./Cempaka, P. M. V. P./Irawan, M./Ibbibah, 
L. F./Mappapa, N. K./Payong, M. K. E./Homalessy, A. 
V./Takalapeta, A./Apriyanti, S./Manoeroe, M. G./Dupe, 
F. R./Ratri, R. R. K./Touw, S. Y./K, P. V./Murtani, B. 
J./Nunuhitu, R./Puspitasari, R./Riandra, I. K./Liwan, A. 
S./Amandari, P./Permatasari, A. A. I./Julia, M./Batubara, 
J./Pulungan, A. (2020). Stunting is not a synonym of 
malnutrition. European Journal of Clinical Nutrition 74 
(3), 377–386. https://doi.org/10.1038/s41430-019-0439-4. 

Tang, J./Yu, T./Jiang, Y./Xue, P./Kong, H./Lin, C./Liu, 
S./Tian, Y. (2023). The association between sleep and 
early pubertal development in Chinese children: a 
school population-based cross-sectional study. Fron- 
tiers in Endocrinology 14, 1259172. https://doi.org/10.33 
89/fendo.2023.1259172. 

Thompson, A. L. (2021). What is normal, healthy 
growth? Global health, human biology, and parental 
perspectives. American Journal of Human Biology 33 
(5), e23597. https://doi.org/10.1002/ajhb.23597. 

Waterlow, J. C. (1996). Linear growth in children. Biblio- 
theca Nutritio et Dieta (53), 45–54. https://doi.org/10.11 
59/000425430. 

Yang, C.-K./Kim, J. K./Patel, S. R./Lee, J.-H. (2005). Age- 
related changes in sleep/wake patterns among Korean 
teenagers. Pediatrics 115 (1 Suppl), 250–256. https://doi. 
org/10.1542/peds.2004-0815G. 

https://doi.org/10.5665/sleep.5552
https://doi.org/10.5665/sleep.5552
https://doi.org/10.1136/bjsports-2021-104527
https://doi.org/10.1136/bjsports-2021-104527
https://doi.org/10.1155/2012/476914
https://doi.org/10.1155/2012/476914
https://doi.org/10.47381/aijre.v31i2.303
https://doi.org/10.47381/aijre.v31i2.303
https://doi.org/10.1016/j.smrv.2011.03.005
https://doi.org/10.1159/000521074
https://doi.org/10.1159/000521074
https://oarep.usim.edu.my/server/api/core/bitstreams/9f01e86c-fc99-47f1-b8f2-015bbd7a1cad/content
https://oarep.usim.edu.my/server/api/core/bitstreams/9f01e86c-fc99-47f1-b8f2-015bbd7a1cad/content
https://oarep.usim.edu.my/server/api/core/bitstreams/9f01e86c-fc99-47f1-b8f2-015bbd7a1cad/content
https://doi.org/10.1001/archpediatrics.2010.96
https://doi.org/10.1001/archpediatrics.2010.96
https://doi.org/10.5664/jcsm.5866
https://doi.org/10.5664/jcsm.5866
https://doi.org/10.17309/tmfv.2022.2.04
https://doi.org/10.17309/tmfv.2022.2.04
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1111/bjep.12624
https://doi.org/10.1111/bjep.12624
https://doi.org/10.1093/ajcn/72.2.521S
https://doi.org/10.1038/s41430-019-0439-4
https://doi.org/10.3389/fendo.2023.1259172
https://doi.org/10.3389/fendo.2023.1259172
https://doi.org/10.1002/ajhb.23597
https://doi.org/10.1159/000425430
https://doi.org/10.1159/000425430
https://doi.org/10.1542/peds.2004-0815G
https://doi.org/10.1542/peds.2004-0815G


12 R.K. Perwitasari et al. • Sleep duration and growth • HBPH 2025 Vol. 1 • pp. 1–12 

Yeo, S. C./Jos, A. M./Erwin, C./Lee, S. M./Lee, X. K./Lo, 
J. C./Chee, M. W. L./Gooley, J. J. (2019). Associations of 
sleep duration on school nights with self-rated health, 
overweight, and depression symptoms in adolescents: 
problems and possible solutions. Sleep Medicine 60, 
96–108. https://doi.org/10.1016/j.sleep.2018.10.041. 

Yermachenko, A./Dvornyk, V. (2014). Nongenetic de- 
terminants of age at menarche: a systematic review. 
BioMed Research International 2014, 371583. https://doi. 
org/10.1155/2014/371583. 

Yip, T./Cheon, Y. M./Wang, Y./Deng, W. Q./Seligson, A. 
L. (2020). Sociodemographic and environmental factors 
associated with childhood sleep duration. Sleep Health 6 
(6), 767–777. https://doi.org/10.1016/j.sleh.2020.05.007. 

Yoo, C. (2020). Sleep Duration Change and its Associ- 
ated Factors During Adolescence: a 6 Year Longitudinal 
Study. Child Indicators Research 13 (2), 573–590. https:// 
doi.org/10.1007/s12187-018-9615-7. 

Zhong, Z./Feng, Y./Xu, Y. (2024). The impact of boarding 
school on student development in primary and sec- 
ondary schools: a meta-analysis. Frontiers in Psychology 
15, 1359626. https://doi.org/10.3389/fpsyg.2024.1359626. 

Zhou, Y./Aris, I. M./Tan, S. S./Cai, S./Tint, M. T./Kr- 
ishnaswamy, G./Meaney, M. J./Godfrey, K. M./Kwek, 
K./Gluckman, P. D./Chong, Y.-S./Yap, F./Lek, N./Goo- 
ley, J. J./Lee, Y. S. (2015). Sleep duration and growth 
outcomes across the first two years of life in the GUSTO 
study. Sleep Medicine 16 (10), 1281–1286. https://doi.org 
/10.1016/j.sleep.2015.07.006. 

Zhu, M. Q./Mora-Plazas, M./Marín, C./Villamor, E. 
(2023). Sleep duration in middle childhood and age at 
menarche. American Journal of Human Biology 35 (10), 
e23912. https://doi.org/10.1002/ajhb.23912. 

https://doi.org/10.1016/j.sleep.2018.10.041
https://doi.org/10.1155/2014/371583
https://doi.org/10.1155/2014/371583
https://doi.org/10.1016/j.sleh.2020.05.007
https://doi.org/10.1007/s12187-018-9615-7
https://doi.org/10.1007/s12187-018-9615-7
https://doi.org/10.3389/fpsyg.2024.1359626
https://doi.org/10.1016/j.sleep.2015.07.006
https://doi.org/10.1016/j.sleep.2015.07.006
https://doi.org/10.1002/ajhb.23912

	Funding Statement
	Introduction
	Sample and Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References

