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Abstract
Background Type 1 diabetes mellitus (T1DM) is one of the most encountered chronic diseases in children and adolescents. 
Sleep as an essential part of life cycles follows a complicated biological pattern.
Objective This study aimed to investigate and compare the sleep disorders between T1DM and non-diabetic children and 
adolescents.
Methods This is a cross-sectional study that was conducted in a pediatric endocrinology clinic in Qazvin City during 2018–
2019. The participated samples in T1DM and non-diabetic groups were 47 and 44 samples, respectively. The Children Sleep 
Health Questionnaire (CSHQ) was completed by the parents. Data were analyzed using SPSS software package version 22.
Results The findings showed that the subscales of CSHQ including bedtime resistance, sleep onset delay, sleep duration, sleep 
anxiety, night waking, parasomnia, and total sleep disorder score of the diabetic patients were significantly higher than that 
of the control group (p< 0.05). The total score of CSHQ in the T1DM children group was higher than that the non-diabetic 
group, and this observed difference between scores was statistically significant (49.80 vs. 43.77, p< 0.05). The odds of the 
sleep complications in diabetic group (T1DM) are higher more than three times of the non-diabetic group controlling the 
confounding effects of the factors including age, sex, and BMI (OR = 3.16, 95% CI: 1.05–9.52).
Conclusion According to the findings of our study, impaired sleep conditions in the T1DM children group were approxi-
mately three times the observed ones in the non-diabetic children group. According to our findings, routine evaluation of 
sleep disorders in diabetic children and adolescents is recommended.
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Introduction

Sleep is among the most important parts of life cycles in the 
daytime (night and day) and one of the fundamental human 
needs, which follows a complicated biological rhythm. In 
most cases, sleep cycle disruption indicates early signs of 
various diseases. Flawless sleep has a crucial role in physical 
and mental health during childhood. Sleep disorder is the 
fifth leading cause of referring to pediatric clinics among the 
children and adolescents below 18 years old [1].

Approximately 20–30% of the general population are 
diagnosed with a sleep disorder, with a wide range of 
sleep disturbances [2], including sleep-resistance or onset 
insomnia, night-time (nocturnal) wakening, and insuf-
ficient sleep [3]. Some of the sleep disorder complica-
tions consist of obstructive sleep apnea (OSA), restless 
legs syndrome (RLS), periodic limb movement disorder 
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(PLMD), narcolepsy, and behavior-based sleep disorders 
(e.g., childhood behavioral insomnia) [4].

However, sleep studies in youth with T1D report poorer 
sleep quality and greater glucose control with better sleep 
quality [5]. In a study of adolescents and young adults 
with type 2 diabetes, Gabbs et al. reported that poor sleep 
was associated with stress, distress, and poor blood sugar 
management. Regression analysis showed that poor sleep 
was associated with higher glycosylated hemoglobin [6]. 
Also, there is evidence showing that type 2 diabetes mel-
litus (T2DM) is associated with higher incidence of sleep 
disorder [7, 8]. On the other hand, researches have shown 
that sleep-related problems are more common in chil-
dren with T1DM and are associated with poor metabolic 
control [9–13]. For patients with type 1 diabetes mellitus 
(T1DM), sleep disturbances can also be triggered by noc-
turnal awakening due to hypo/hyperglycemia and parental 
care at night [14].

Diabetes mellitus (DM) is a metabolic disease that is 
characterized by the presence of hyperglycemia due to 
impairment of insulin secretion, insulin action, or both. 
There are two major types of the disease: type 1 and type 
2 diabetes [15, 16].

The prevalence of T1DM among children is currently 
increasing all over the world and still the main cause of 
which is still unknown. In the United States, 1 out of every 
400 children and adolescents has diabetes. In Iran, diabetes 
is at the top of non-communicable diseases, so the annual 
incidence rate of T1DM has been estimated 3.7 cases per 
100,000 individuals [15]. If not controlled sufficiently, 
this disease can cause complications such as heart attack, 
blindness, hypertension, neurological disorders, and kid-
ney failure.

In addition, children [9] and young adults [17], with 
T1DM, subjectively report poor-quality sleep than in those 
without. Based on polysomnography (PSG), data has been 
reported that children with T1DM spend more time in 
stage 2 (light sleep) and less time in stage 3 (slow-wave 
sleep) compared to healthy control subjects [11]. Adults 
with T1DM also showed more stage 2 sleep and had sig-
nificantly later sleep onset and offset (both by ~ 30 min) 
compared to healthy control subjects [18].

Various sleep disturbances are reported in sleep logs 
such as sleep onset latency, sleep offset, and efficiency 
[19]. Sleep latency is perhaps one of the most important 
parameters in a sleep study. Sleep onset latency, as meas-
ured by PSG, is the amount of time passed until turning 
off the light and going to sleep. The average sleep latency 
is over 20 min [20]. Sleep offset refers to the time when a 
person wakes up in the morning. The percentage of time 
an adolescent spends asleep between the start and the end 
of sleep is referred to as sleep efficiency [21].

There is strong evidence to suggest the differences in neu-
roendocrine correlates of sleep; levels of growth hormone 
and epinephrine were elevated overall the night, and levels 
of adrenocortotropic hormone were found higher during the 
first 4 h of the night in adults with T1DM [18].

It is apparent that there are significant differences in pat-
tern of sleep stages across a night of children with and with-
out T1DM. Inadequate sleep can damage cognitive functions 
that are necessary for the effective control of diabetes [22]. 
On the other hand, poor diabetic control can also affect sleep 
[23].

Therefore, this study aimed to investigate the features and 
characteristics of sleep disorders among children and young 
adults with and without T1DM in Qazvin Province, Iran.

Methods and Materials

This is a cross-sectional study that was conducted in a pedi-
atric endocrinology clinic in Qazvin City during 2018–2019. 
The diabetic children group included 47 children and adoles-
cents with T1DM aged 2–18 years old who had been referred 
to Qazvin Endocrinology Clinic for a 1-year period. The 
needed sample size was calculated using the formula com-
paring two means in independent groups. The sample size 
formula and parameters are presented as followed. The val-
ues of parameters were extracted from the study by Caruso 
NC et al. [9] that are presented as follows:

The minimum required sample size in this study was 
determined as 41 patients in each study groups.

These individuals were diagnosed with T1DM and were 
included by a pediatric endocrinologist if they had one of 
the following criteria: fasting blood sugar level equal to or 
above 126 mg/dl in two separate tests, random blood sugar 
level equal to or above 200 mg/dl associated with symp-
toms that prove diabetes, and hemoglobin A1c level of 6.5 or 
higher, proved in two stages. Autoantibodies against insulin, 
anti-islet cells, and anti-GAD were checked for all patients. 
C-peptide levels were also measured to confirm the diag-
nosis of type 1 diabetes for all patients. The non-diabetic 
children group consisted of 43 healthy children aged 2–18 
years old.

Individuals with diabetes who had some other comor-
bidity such as heart failure, chronic obstructive pulmonary 
disease (COPD), and asthma which might interfere with 
appropriate sleep, were excluded from the study.
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In this study, once the demographic information, such 
as age and gender, and the HbA1C results were recorded 
in the draft, the Children’s Sleep Health Questionnaire 
(CSHQ) was completed by the parents. This questionnaire 
was designed and built by Owens and Espirito et al. for 
school-aged children [24]. It consists of 45 items aiming to 
assess the children’s sleep quality and habits. The CSHQ is 
one of the most frequently used questionnaires and has been 
validated for evaluating sleep and computing Sleep Scores 
(SS) among children [24]. The CSHQ evaluates the previous 
seven nights of a child’s sleep, considering eight subscales 
that comprise the most frequently reported sleep complaints 
in children, such as bedtime resistance, sleep onset delay, 
sleep duration, sleep anxiety, night waking, parasomnias, 
sleep-disordered breathing, and daytime sleepiness. In 
CHSQ, the studied samples were divided into two groups 
based on a self-report SS of ≥ 41 points or < 41 points. The 
sleep score cutoff of ≥ 41 indicates a worse sleep condition 
[24]. The validity of this instrument was evaluated using the 
content validity evaluation method, and its reliability was 
determined by Shoghi via performing the re-test method on 
10 children aged 6 to 11 years old (r= 0.97) [25].

The participants categorized in the questionnaire included 
the following: (1) resistance against sleep, (2) delayed onset 
of sleep, (3) sleep duration, (4) sleep anxiety, (5) night 
(nocturnal awakening), (6) parasomnia (pseudo-sleep), (7) 
breathing-related sleep disorders (sleep-related breathing 
disorders), and (8) daily drowsiness. The CSHQ’s score 
range was between 33 and 99, as higher scores indicated 
more sleep disorders. A score of 41 or higher was clinically 
significant and a score of less than 33 indicated a flawless 
sleep. The questionnaire was scored based on a five-degree 
(five-grade) Likert scale and included 45 questions. Some 
of the questions had merely diagnostic and therapeutic val-
ues and were not research-oriented questions. Thus, only 
33 questions were selected for scoring. Every answer had a 
value ranging between 1 and 3 (from rarely to usual), except 
for items 26, 11, 10, 3, 2, and 1, which were scored inversely. 
The score range was from 33 to 99, and the score of each 
subscale was obtained from the sum of the scores of the 
mentioned questions.

In order to assess the mean of T1DM disease duration 
with hyperglycemia control status in T1DM group, we 
defined the hyperglycemia control status according to Amer-
ican Diabetes Association for non-pregnant adults. There-
fore, there were three divided groups including HbA1C <7% 
as good control, 7–8% as inadequate control, and greater 
than 8% as poor control [26].

Data were analyzed using SPSS software package version 
22. The mean and standard deviation were used to report 
descriptive of quantitative data, and frequency and percent-
age were used for qualitative data. Normality of quantitative 

variables were assessed using the Kolmogorov–Smirnov 
test. In all analyses, a p-value less than 0.05 was considered 
statistical significant level.

Results

The results of this study show a mean age of 10.73 ± 4.14 
years old among the non-diabetic children group and 
11.26 ± 4.12 years old among the T1DM children group. 
The diabetic children group included 23 girls (48.9%) and 24 
boys (51.1%), and the non-diabetic children group consisted 
of 24 girls (54.5%) and 20 boys (45.5%). There was no sta-
tistically significant difference between the T1DM and non-
diabetic children groups in terms of age (p>0.05) (Table 1).

The mean and diversions of subscales of CSHQ in total 
study samples are presented in Table 2. According to the 
results, the CSHQ score for studied samples was > 41 
points, which is considered as the worst sleep condi-
tion. The mean and standard deviations of subscales of 
CSHQ among two study groups are presented in Table 3. 
Also, the comparison of the mean of duration of T1DM 
disease with Glycemic control status in T1DM group 
are presented in Table 4.

Table 1  The comparison of studied variables between two study 
groups

ns non-significant

Variable Type-1 diabetes 
group

Non-diabetic group p-value

Age Mean ( ±) 11.26±4.12 10.73±4.14 ns*
BMI Mean ( ±) 20.47±3.67 21.66±12.86 ns
Sex Freq.(%) ns
Female 23 (48.90) 24 (54.5)
Male 24 (51.10) 20 (45.5)

Table 2  The mean and diversions of subscales of CSHQ in total 
study samples

Subscales of CSHQ Min Max Mean Std. deviation

Bedtime resistance 6.00 16.00 8.81 2.45
Sleep onset delay 1.00 3.00 1.31 0.64
Sleep duration 3.00 7.00 3.69 1.09
Sleep anxiety 4.00 12.00 5.93 2.35
Night waking 3.00 9.00 4.23 1.46
Parasomnias 7.00 14.00 8.09 1.61
Sleep disordered breathing 3.00 6.00 3.28 0.63
Daytime sleepiness 8.00 19.00 11.53 2.88
Total Score 35.00 71.00 46.89 8.31
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The obtained results indicated a significant difference 
between the two T1DM and non-diabetic children groups 
in terms of total CSHQ score (p-value < 0.05). Moreover, 
the comparison of the means between two groups regarding 
subscales of CSHQ showed that the scores in all subscales 
were higher in the T1DM group rather than the non-diabetic 
children group. The observed mean differences were sta-
tistically significant (p< 0.05), except for the subscales of 
“Sleep-disordered breathing” and “Daytime sleepiness”. 
The highest and lowest mean differences were seen in the 
“Sleep anxiety” and “Sleep-disordered breathing” subscales, 
respectively (the highest and lowest mean differences val-
ues; 1.24, p<0.05, and 0.02 p>0.05 respectively). The total 
score of CSHQ in the T1DM children group was higher than 
the non-diabetic group, and this observed difference score 
was statistically significant (49.80 vs. 43.77, p< 0.05).

The results of the comparison of the T1DM duration and 
hypoglycemia control showed no statistically significant dif-
ference in the mean of duration of T1DM in three groups of 
good control, inadequate control, and poor control (Tables 3
and 4). As shown in Table 5, the worst sleep condition (SS 
of ≥ 41 points) in the T1DM children group was approxi-
mately twice that in the non-diabetic children group, and 
this was statistically significant (78.7% vs. 43.1%, p< 0.05).

As shown in Table 6, the odds of worst sleep condition 
in diabetic group is more than three times higher than non-
diabetic group controlling the confounding factors including 
age, sex, and BMI (OR = 3.16, 95% CI: 1.05–9.52). Moreo-
ver, the results showed that the OR for the variable of age 

is 0.72 (OR = 0.72, 95% CI: 0.60–0.86). It means that the 
odds of worst condition decrease by 0.28 per 1 year increase 
in age.

Discussion

The aim of the present study was to compare the sleep dis-
orders between children and adolescents with or without 
T1DM. The findings of this study showed the subscales 
of CSHQ including bedtime resistance, sleep onset delay, 
sleep duration, sleep anxiety, night waking, parasomnias, 
and total sleep disorder score of the diabetic patients were 
significantly higher in comparison to the control group 
(p< 0.05). The mean score of subscales of sleep-disordered 
breathing and daytime sleepiness was higher in T1DM, but 
the observed differences were not statistically significant 
(p>0.05). The results of the current study showed that worse 
sleep conditions (SS of≥41 points) in the T1DM group were 
three times more than the non-diabetic group, which was 
statistically significant (78.7% vs. 43.1%, p< 0.05).

Consistent with this study, Farabi et al. reported that 
adults and children with T1DM had poorer sleep quality 
than those without diabetes. They presented alterations in 
sleep quality can be the cause of both behavioral and physi-
ological aspects of this disease and its management [27]. 

Table 3  The mean and standard 
deviations of subscales of 
CSHQ among two study groups

*Non-significant

Subscales of CSHQ Type-1 diabetes group
Mean ( ±)

Non-diabetic group
Mean ( ±)

Mean difference p value

Bedtime resistance 9.36±2.59 8.22±2.17 1.14 0.02
Sleep onset delay 1.46±0.77 1.13±0.41 0.33 0.01
Sleep duration 7.00±1.26 8.36±0.74 0.64 0.004
Sleep anxiety 6.53±2.56 5.29±1.93 1.24 0.01
Night waking 4.72±1.66 3.70±0.97 1.02 0.001
Parasomnia 8.55±1.96 7.61±0.92 0.94 0.004
Sleep disordered breathing 3.29±0.64 3.27±0.63 0.02 ns*
Daytime sleepiness 11.89±3.23 11.14±2.44 0.75 ns
Total Score 49.80±8.87 43.77±6.41 6.03 0.001

Table 4  Comparison of the mean of duration of T1DM disease with 
Glycemic control status in T1DM group

Glycemic control status Mean (S.D.) F p value

Good control (< 7%) 3.13 (2.20) 1.67 0.1
Inadequate control (7–8%) 4.41 (1.62)
Poor control (> 8%) 4.74 (2.31)

Table 5  The comparison of frequency and percent of worse sleep 
condition between two study groups using a sleep score cutoff of ≥41

Sleep condition Type-1 
diabetes 
group
Freq. (%)

Non-diabetic group
Freq. (%)

p value

Non-sleep disorder
(score cutoff of <41)

10 (21.3) 16 (36.4) 0.04

Worse sleep condition
(score cutoff of ≥41)

37 (78.7) 28 (43.1)
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In addition, Bahadur et al. in 2021 evaluated 75 children 
with T1DM and 49 children without T1DM. CSHQ results 
showed that 65.3% of all children in both groups had sleep 
disorders. Children with T1DM had significantly higher 
sleep problems compared to controls (p= 0.024, p= 0.008, 
respectively) [28].

The findings of other studies showed that self-reported 
average of sleep among young T1DM patients ranged below 
the recommended amount of sleep (7.4 to 8.6 h/night) [29, 
30]. This sleep disorder may be related to the defective func-
tion of pancreatic β-cells in the population with T1 diabe-
tes. Following the destruction of pancreatic beta cells and 
insulin deficiency in type 1 diabetic patients, blood glucose 
concentration increases, and this hyperglycemia leads to 
polydipsia, polyuria, and nocturnal enuresis, which leads to 
sleep disorders in diabetic patients. Persistent hyperglycemia 
may also lead to diabetic ketoacidosis (DKA) [31]. Moreo-
ver, derangements in night sleep due to symptoms of hypo- 
or hyperglycemia, frequent urination, and thirst negatively 
affect glycemic control via elevations in cortisol and an 
imbalance in parasympathetic and sympathetic activity [32].

Inadequate sleep time, especially in children and young 
people with diabetes, can negatively affect insulin sensitiv-
ity and worsen blood sugar control [22]. It is reported that 
sleep disorders during the night in adults would reduce insu-
lin-stimulated glucose absorption by 14–21%, and chronic 
sleep deprivation might increase insulin resistance in the 
patients with T1DM. Insulin resistance is associated with an 
increased risk of micro- and macrovascular complications 
in T1DM [22, 33]. Therefore, if T1DM causes disorders 
in sleep patterns, it would also be able to cause abnormal 
regulation of blood glucose and result in forming negative 
chain reactions.

In the current study, the sleep duration in T1DM group 
was lower than control group. In some other studies [10, 
11], sleep duration with polysomnography in population 
with diabetic was lower than healthy controls. Reutrakul 
et al. in a systematic review and meta-analysis demonstrated 
that patients with type 1 diabetes had poorer sleep quality, 
but there was no difference in sleep duration according to 
patients’ self-reports [34].

In addition, we found that the mean of daytime sleepiness 
in the T1DM group (11.89 ± 3.23) was more compared to 
the control group (11.14 ± 2.44), but this difference was not 

significant. In contrast with our results, Adler et al. in a study 
in 2017 reported fewer patients with T1DM than healthy 
population had (age of 6–30) excessive daytime sleepiness 
[30]. It seems that the difference between the results of our 
study and the mentioned study is in the age range of the 
population under investigation.

We did not find any association between the duration of 
T1DM disease with glycemic control status. This can be 
because of the relatively small sample sizes in our study. 
Similar to our results, Frye et al. in 2019 reported that aver-
age sleep duration was directly related to patient average 
glycemic control but inversely related to average HbA1c, 
indicating that less sleep is associated with worse glycemic 
management and control [35]. Thus, based on the obtained 
results, it seems that diabetes care teams should provide ado-
lescents with consultation and advice about the importance 
of sufficient sleep.

Strengths and limitations of the study

The more important strength of this study is that it addresses 
a relevant research question regarding the association 
between sleep disorders and type 1 diabetes mellitus in chil-
dren and adolescents and fills a gap in the existing literature 
by examining sleep disorders in children and adolescents in 
the studied pediatric population with T1DM. In this study, 
we have used samples from a single pediatric endocrine 
clinic in Qazvin City, so this is considered a limitation of 
our study. While using these findings, their generalizability 
should be paid attention. Therefore, it is suggested that it 
is beneficial that more studies be conducted worldwide to 
collect the pieces of evidence required to meet the external 
validity and generalizability. Moreover, we were obliged to 
collect the data from parental reports due to the very young 
age of some participants (range of age: 4–17 years old). 
Parental reports via the CSHQ may lead to subjective biases, 
which is the other limitation of our study.

Conclusion

According to the findings of our study, worse sleep condition 
in the T1DM children group was approximately three times 
than non-diabetic control group. It is recommended to conduct 

Table 6  The results of 
regression logistic about the 
relationship of type 1 diabetes 
and worse sleep condition

Variables β S.E Odds ratio (OR) 95% C.I. for OR p value

Sex (female) 0.6 0.54 1.82 0.62–5.29 0.2
Age −0.32 0.09 0.72 0.60–0.86 0.001
Group (T1DM) 1.15 0.56 3.16 1.05–9.52 0.04
BMI −0.006 0.02 0.99 0.94–1.04 0.8
Constant 4.08 1.18 - - -
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more studies in order to further clarify the role of sleep in 
the outcomes and consequences of diabetes control and to 
perform behavioral tests to increase and stabilize sleeping.

Data availability statement The datasets will be available from the 
corresponding author on reasonable request.

Acknowledgements The authors thank the staff of the Children Growth 
Research Center at Qazvin Children Hospital, affiliated to the Qazvin 
University of Medical Sciences, for their help in preparing this paper.

Declarations

Ethical approval The present work was conducted after being approved 
by the Ethical Committee of Qazvin University of Medical Sciences 
(IR.QUMS.REC.1397.319).

Conflict of interest The authors declare no competing interests.

References

1. Slavish DC, et al. The cycle of daily stress and sleep: sleep meas-
urement matters. Ann Behav Med. 2021;55(5):413–23.

2. Owens J. Classification and epidemiology of childhood sleep dis-
orders. Sleep Med Clin. 2007;2(3):353–61.

3. Jalilolghadr S. Sleep and its disorders in pediatrics. Qazvin: Qaz-
vin Univ Med Sci; 2012.

4. Lewandowski AS, Ward TM, Palermo TM. Sleep problems in 
children and adolescents with common medical conditions. Pedi-
atr Clin. 2011;58(3):699–713.

5. Faulkner MS, Smart MJ. Sleep quality and heart rate variability in 
adolescents with type 1 or type 2 diabetes. J Diabetes Complica-
tions. 2021;35(12):108049.

6. Gabbs MH, et al. Poor sleep, increased stress and metabolic 
comorbidity in adolescents and youth with type 2 diabetes. Can J 
Diabetes. 2022;46(2):142–9.

7. Khandelwal D, et al. Sleep disorders in type 2 diabetes. Indian 
journal of endocrinology and metabolism. 2017;21(5):758.

8. Hackett RA, Dal Z, Steptoe A. The relationship between sleep 
problems and cortisol in people with type 2 diabetes. Psychoneu-
roendocrinology. 2020;117:104688.

9. Caruso NC, et al. Sleep, executive functioning and behaviour 
in children and adolescents with type 1 diabetes. Sleep Med. 
2014;15(12):1490–9.

10. Pillar G, et al. Interactions between hypoglycemia and sleep 
architecture in children with type 1 diabetes mellitus. J Pediatr. 
2003;142(2):163–8.

11. Perfect MM, et al. Sleep, glucose, and daytime functioning in 
youth with type 1 diabetes. Sleep. 2012;35(1):81–8.

12. Monaghan M, et  al. Sleep behaviors and parent function-
ing in young children with type 1 diabetes. Child Health Care. 
2012;41(3):246–59.

13. Rees P, et al. Sleep apnoea in diabetic patients with autonomic 
neuropathy. J R Soc Med. 1981;74(3):192–5.

14. Bergner EM, et al. Sleep in teens with type 1 diabetes: perspec-
tives from adolescents and their caregivers. Diabetes Educ. 
2018;44(6):541–8.

15. Azadnajafabad S, Mohammadi E, Aminorroaya A, Fattahi N, 
Rezaei S, Haghshenas R, et al. Non-communicable diseases’ risk 

factors in Iran; a review of the present status and action plans. J 
Diabetes Metab Disord. 2021;1–9.

16. Berk E, Çelik N. Sleep quality and glycemic control in children 
and adolescents with type 1 diabetes mellitus. Eur Rev Med Phar-
macol Sci. 2023;27(10).

17. van Dijk M, et al. Disturbed subjective sleep characteristics in 
adult patients with long-standing type 1 diabetes mellitus. Diabe-
tologia. 2011;54:1967–76.

18. Jauch-Chara K, et al. Altered neuroendocrine sleep architecture in 
patients with type 1 diabetes. Diabetes Care. 2008;31(6):1183–8.

19. Chang A-M, et al. Sleep timing and circadian phase in delayed 
sleep phase syndrome. J Biol Rhythms. 2009;24(4):313–21.

20. Shrivastava D, Jung S, Saadat M, Sirohi R, Crewson K. How to 
interpret the results of a sleep study. J Community Hosp Intern 
Med Perspect. 2014;4(5):24983.

21. Fobian AD, Avis K, Schwebel DC. The impact of media use on 
adolescent sleep efficiency. J Dev Behav Pediatr. 2016;37(1):9.

22. Donga E, et al. Partial sleep restriction decreases insulin sensitiv-
ity in type 1 diabetes. Diabetes Care. 2010;33(7):1573–7.

23. Griggs S, et al. Daily variations in sleep and glucose in adolescents 
with type 1 diabetes. Pediatr Diabetes. 2020;21(8):1493–501.

24. Owens JA, Spirito A, McGuinn M. The Children’s Sleep Hab-
its Questionnaire (CSHQ): psychometric properties of a sur-
vey instrument for school-aged children. Sleep-New York-. 
2000;23(8):1043–52.

25. Hosseini F, et al. Sleep habits of school age children [Persian 
language]. Iran J Nurs. 2005;18(41):131–8.

26. American Diabetes Association. 6. Glycemic targets: stand-
ards of medical care in diabetes—2021. Diabetes Care. 
2021;44(Supplement_1):S73–84.

27. Farabi SS. Type 1 diabetes and sleep. Diabetes Spectr. 
2016;29(1):10.

28. Ilter Bahadur E, et al. Sleep disorder and behavior problems 
in children with type 1 diabetes mellitus. J Pediatr Endocrinol 
Metab. 2022;35(1):29–38.

29. von Schnurbein J, et al. Sleep and glycemic control in adolescents 
with type 1 diabetes. Pediatr Diabetes. 2018;19(1):143–9.

30. Jaser SS, Ellis D. Sleep in adolescents and young adults with type 
1 diabetes: associations with diabetes management and glycemic 
control. Health Psychol Behav Med. 2016;4(1):49–55.

31. Perfect MM. Sleep-related disorders in patients with type 1 dia-
betes mellitus: current insights. Nat Sci Sleep. 2020;101–23.

32. Kim J, et al. The association of sleep duration and type 2 diabe-
tes in Korean male adults with abdominal obesity: the Korean 
National Health and Nutrition Examination Survey 2005. Diabetes 
Res Clin Pract. 2009;86(2):e34–6.

33. Chillaron JJ, et al. Estimated glucose disposal rate in assess-
ment of the metabolic syndrome and microvascular complica-
tions in patients with type 1 diabetes. J Clin Endocrinol Metab. 
2009;94(9):3530–4.

34. Reutrakul S, et al. Sleep characteristics in type 1 diabetes and 
associations with glycemic control: systematic review and meta-
analysis. Sleep Med. 2016;23:26–45.

35. Frye SS, Perfect MM, Silva GE. Diabetes management mediates 
the association between sleep duration and glycemic control in 
youth with type 1 diabetes mellitus. Sleep Med. 2019;60:132–8.

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

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

140


	The comparison of sleep disorders between type-1 diabetic and non-diabetic children and adolescents
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods and Materials
	Results
	Discussion
	Strengths and limitations of the study

	Conclusion
	Data availability statement
	Acknowledgements 
	References


		2025-02-12T16:06:40+0800
	Certified PDF 2 Signature




