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ABSTRACT

Background: Adolescents have unique sleep patterns and reduced sleep dursido kormonal, activity, and environmental
influences. Short sleep duration could be a factor in obesityinantin resistance might cause various metabolic problems. Several
previous studies have conveyed different results. The present studgeahtiy relationship between sleep duration and insulin
resistance in obese adolescents with metabolic syndrome.

Methods: A total of 62 adolescents aged 13-15 years and 62 adolescent$ag®delrs who met the criteria for metabolic syndrome
based on the International Diabetes Federation 2007 from 12 segauthools in Surabaya and Sidoarjo. Insulin resistanse wa
determined using the Homeostatic Model Assessment for Insulin Resistang&\¢(HR) with a cutoff value of >3.54. Sleep duration
was determined based on direct interviews with research subjects and classified slseghdrration when sleep duration was < 8
hours. The obtained data were analyzed using Chi-Square, ManneWlstd T-test (significant at p<0.05).

Results: The subjects were dominated by male adolescents (67.7%). There wanilgfmeéaelationship between age and sleep
duration (p = 0.035). The 183 year age group had more short sleep duration. The resilte ahalysis showed that there was a
relationship between short sleep duration and the incidence of inssiitance in both age groups, in the 13-15 year age group (PR
1.78; phi coefficient 0.430; p<0.001) and in the 16-18 ggargroup (PR 2.90; phi coefficient 0.478; p<0.001).

Conclusion: Short sleep duration is associated with insulin resistance in obese adolestentstalolic syndrome.

Keywords: insulin resistance; metabolic syndrome; obelst¢escents; sleep duration.

1. INTRODUCTION

Sleep is a lifestyle component that is often overlooked but can be seen as an psseaiitiVe measure, an indicator
to assess a person's current health status or health outcomes that maytheacheatih complications [1]. Sleep plays
arole in determining health status. Children, adolescents, and adults contrall dhiyittnms related to energy homeostasis
[2]. Short sleep duration causes changes in levels of several hormones, inldptimgghrelin, insulin, cortisol, and
growth hormone, and increases sympathetic activity with elevated catecholamine levels.ofimesalhchanges and
sympathetic activity lead to energy imbalance, overweight or obesity, and iresisitance [3,4].

Healthy sleep requires sufficient duration, the right time, good quality, regularity,the absence of sleep
disturbances [5]. The National Sleep Foundation in the United States recommend=nthaptsl 14-17 get between 8
and 10 hours of sleep per night to maximize overall health and well-b&inget_sleep duration is associated with lower

adiposity indicators, better emotional regulation, academic achievement, and better §liityedl-being [6].
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The prevalence of obesity in children and adolescents has increased almost worldaléast three decades,
followed by an increase in comorbidities, especially metabolic syndrome][7B@International Diabetes Foundation
states that metabolic syndrome should not be diagnosed in children undeairerbyt weight loss education should be
provided to abdominal obesity. For children ten years of age er,dlie metabolic syndrome can be diagnosed by
abdominal obesity and the presence of two or more other clinical featuresléwated triglycerides, low HDL
cholesterol, high blood pressure, elevated plasma glucose). For children geard,&he IDF adult criteria can be used
[10].

Several previous studies stated that short sleep duration was associated with insulicgesistarcreased HOMA-
IR values [8,11]. However, a study in Indonesia did not find an assoclzioeen sleep duration and the incidence of
metabolic syndrome in adolescents, and a study by Sung et al. stated thaskegruration did not predict the presence
of metabolic syndrome, adiposity, or insulin resistance in children and atb@lescents [12,13]. There are pros and cons,
and there is still a lack of studies on adolescents, so that this study will see \letés a relationship between short
sleep duration and insulin resistance, especially in the obese adolescent populatioetakitiiic syndrome, especially
in East Java.

2. METHODS
2.1 Patient and methods

The present study used an analytical observational research approach with a torsd-slesign. This study
primary data taken from February to May 2020. The study was condudt2dLinior and senior high schools in Sidoarijo,
East Java, Indonesia. Subjects were determined by total sampling that met the inclusion aod extdui. Inclusion
criteria were obese adolescents aged 13-18 years who met the criteria for metabolimesyhdealdition, the subject,
along with his parents, voluntarily participated in this study. Children whe ba@en diagnosed with diabetes mellitus or
are taking anti-diabetic drugs will be excluded.

Metabolic syndrome was determined based on the 2007 international diabetic feq@#&)jaonetabolic syndrome
criteria, namely waist circumference 90th percentile for age and sex accompanigdtosy/ fllowing criteria: (a) fasting
triglyceride level 150 mg/dL, (b) HDL fasting HDL levels <40 mg/dL, (c) fastiltogth sugar levels 100 mg/dL, and (d)
systolic blood pressure 130 or diastolic 85 mmHg (Alberti, 2010). Bloessure checks were carried out using a OneMed
digital blood pressure measuring device. Blood pressure checks were perforasitting position after the subject had
rested for 10 minutes.

Sleep duration was obtained through direct interviews. Subjects were asked to repslgdhpiig and waking hours
each day for the last three days. Sleep duration is short if sleep durati@nhisurs a day [12]. Insulin resistance was
determined using the Homeostatic Model Assessment for Insulin Resistance (HOMARRBR)with a cutoff value of
>3.54 [14].

Blood samples were taken at 08.00-09.00 after the subject fasted for $2Hrough the median cubital vein. Ten
ccs of blood were taken for examination of blood sugar, HDL, anddeagies.

2.2 Statistical analysis
The data were processed using Microsoft Excel 2010 and SPSS versidre2iormality test of the data used the

Kolmogorov-Smirnov test. Analysis of the relationship data using unpaired, M&sh-Whitney, and Chi-square.
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3. RESULTS
3.1 Characteristic of patients
The essential characteristics of the research subjects included demographic data (ageedecatén),
anthropometric examination, blood pressure, sleep duration, and laborato(iatdsetd). One hundred twenty-four
obese adolescents with metabolic syndrome aged 13-18 years, 84 (67.7%)bd0532.2%) girls.

Table 1. Characteristic of Subject

Variable N (%)
X +SD
Demography
Age
1315y.0 62 (50)
16-18y.0 62 (50)
Gender
Boys 84 (67,7)
Girls 40 (32,2)
Education
Junior high school 54 (43,5)
Senior high school 70 (56,5)
Anthropometry
Body weight (kg) 89,05+ 15,38
Height (m) 1,62+ 0,08
Body mass index (kg/fn 33,80+ 4,72
Waist circumference (cm) 101,85+ 10,00
Blood Pressure
abnormal 111 (89,5)
Normal 13 (10,5)
L aboratory
Fasting blood glucose (mg/dL) 86,44+ 7,86
Cholesterol (mg/dL) 173,69+ 34,46
LDL (mg/dL) 114,78+ 27,33
HDL (mg/dL) 38,48+ 6,16
Triglyceride (mg/dL) 135,54+ 60,84
HOMA-IR 5,593,22
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3.2 Comparison between variable and sleep duration
Comparison test between variables and sleep duration using unpaired T-tess,aMalys-Whitney and Chi-
square with a significance value of p <0.05 (table 2). The comparis@htestd that the 16-18 year group had more

short sleep duration than the 13-15 age group, which was statistically significant.

Table 2. Comparison between variable and sleep doratio

*k

*kk

Sleep duration <8h Sleep duration >8h p-value
n (%) =84 n (%) =40
(x £ SD) (x+£ SD)
Demography
Age
13-15y.0 36 (29,0) 26 (21) 0,021*
16-18y.0 48 (38,7) 14 (11,3)
Gender
Boys 59 (47,6) 25 (20,2) 0,389*
Girls 25 (20,2) 15 (12,1)
Anthropometry
Body weight (kg) 90,07 +15.26 86,91 + 15,60 0,287**
Height (m) 1,62 + 0,08 1,62 + 0,07 0.814***
Body mass index (kg/fn 34,20 + 4,60 32,95 +4,92 0,169**
Waist circumference (cm) 102,26 + 10,44 100,99 + 9,06 0,51*
Blood pressure
Abnormal 78 (70,3) 33(29,7) 0,780*
Normal 6 (46,2) 7 (53,8)
Laboratory
Fasting blood glucose (mg/dL) 86,86 + 8,20 85,57 +7,11 0,185*+*
Cholesterol (mg/dL) 174,05 + 36,07 172,93 +31,21 0,866**
LDL (mg/dL) 116,52 + 25,09 111,13 + 31,56 0,306**
HDL (mg/dL) 38,25+ 6,08 38,98 + 6,387 0,461***
Triglyceride (mg/dL) 134,35 + 61,90 138,05 + 59,23 0,753**

: Chi-square test
: Independent T-test
: Mann-Whitney test

3.3 Association between short sleep duration and insulin resistance
The relationship between short sleep duration and insulin resistance in botbugzgegave statistically significant
results. In the 13-15year age group, the PR value was 1.78 with a phi coefffded3, which means that obese
adolescents with metabolic syndrome in the 13-15year age group who expshericgeep can experience insulin
resistance incidence of 1.78 times compared to adequate sleep with the sfrdrg#ssociation. Currently. The 16-
18year age group has a PR value of 2.9 with a phi coefficient o8,0i¥ich means that obese adolescents with
metabolic syndrome in the 16-18year age group who experienceskdegrican experience insulin resistance events
of 2.9 times compared to getting enough sleep with moderate association stflegil®-18year age group has a

higher PR value than tHe3-15year age group.
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Table 3. Association between short sleep durationrandin resistance

Variable Insulin Non-insulin PR cosfficient P-value
resistance resistance Phi
1315y.0
Sleep duration <8h 32 (51.6%) 4 (6.5%) 1.78 0.430 0.001*
Sleepduration >8h 13 (21%) 13 (21%)
1618 y.0
Sleep duration <8h 39 (62.9%) 9 (14.5%)
Sleep duration >8h 4 (6.5%) 10 (16.1%) 2.90 0.478 <0.001*

*p <0.05 Significant

4. DISCUSSIONS

There was a significant difference between sleep duration and age group; nanrelglesipoduration was more
commonly found in the 16-18year age group. Similar results were also ifogesieral previous studies [15,16,17,18]
Older age is associated with a more challenging level of education and is followeadr&yschool assignments and
activities and broader social interactions, all of which will reduce sleep duratior6][1blis research in China also
mentions that biological/psychosocial conditions, environmental influences| sdh@dules, and daily activities affect
sleep duration in adolescents [16].

Short sleep duration is thought to have a direct impact on glucose hasi®asd insulin sensitivity. The mechanisms
that cause impaired insulin sensitivity and glucose metabolism in short sleeprdaraticomplex and challenging to
explain. Short sleep duration or lack of sleep will increase circulating cortisol ame isglmpathetic activity and increas
catecholamines. In addition, sleep restriction has been reported to decrease TSH andnesitegsts, disrupt growth
hormone secretion patterns, and increase levels of proinflammatory @goRinmese complex endocrine changes are
thought to contribute to impaired insulin signaling in peripheral tissues, letadimgulin resistance [19].

Besides affecting the regulation of the hormones Leptin and Ghrelin, short dilesjion can also increase
sympathetic nerve activity, produce proinflammatory cytokines, increase cartsahsulin antagonists. All the effects
caused by lack of sleep will lead to insulin resistance [20].

This study showed a moderate relationship between short sleep duration &ndésmiance in both groups, with a
higher PR value in the 16-18year group. Several previous studies also gawaehesult; namely, short sleep duration
was associated with the incidence of insulin resistance, as indicated by an increas¢OM%kdR value [1,8,21,22]
Studies by Korostovtseva et al. and Rawat et al. mention that short sleep duration caimipanteéd glucose tolerance
and glucose metabolism [23,24].

Several physiological conditions increase insulin resistance, namely puberty, pregndnuyg age. Puberty, defined
as a period of human development, physical growth, and sexual maturity, astehiaed by a decrease in insulin
sensitivity and a compensatory increase in insulin secretion. Other changzatedseith puberty include increased
insulin growth factor-1 (IGF-1), GH, and sex hormones. Several stagesheft@umaturation are associated with
increased insulin secretion and the HOMA-IR index, and it is generally expleatedese changes will return to average
values by the end of puberty. In children with obesity, resistance increases sigpificpaberty [25].

Increasing age is considered to affect the Association, environment, schoolesgcteaily activities, and psychosocial

conditions of adolescents, and all of these will affect a person's sleep dut&tibs].[Reduced sleep duration will affect
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insulin resistance in all adolescents, but the impact will be more significant in adolescertbesitly [25]. This is
because obese adolescents have much adipose tissue, which is the pathogenediis dsisance by releasing
metabolites, hormones, and adipocytokines that can affect insulin activity. Adippoytiese unesterified fatty acids,
which inhibit carbohydrate metabolism through substrate competition and impaiaegilalar insulin signaling [26,27].

The limitation of this study was that the researchers also did not check the geneticofaeaois subject and did not

take into account the physical activity of each subject so that this condition eocallcebearch bias.

5. CONCLUSION
Short sleep duration has a moderate association with insulin resistance. Older adolescemighearetance of

developing insulin resistance due to lack of sleep.
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