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A B S T R A C T   

Objective: A decline in sleep quality and regularity has been reported in patients with type 1 diabetes mellitus (T1D) in many studies. However, research on medical- 
based sleep disorders in patients with T1D is limited. Diagnosing sleep disorders is crucial, as it negatively impacts academic performance, cardiovascular health, and 
cognitive functions among children as well as essential skills for effective diabetes management. Our objective was to assess sleep disturbances in patients diagnosed 
with T1D and explore whether these patients experience significantly more sleep disturbances compared to their healthy peers. 
Methods: This study, designed as a cross-sectional case-control investigation, involved a cohort of 250 participants (144 T1D, 106 control cases) aged 6–15 years. The 
Sleep Disturbance Scale for Children (SDCS) scores of the T1D group were compared with those of the control group. Furthermore, the study explored the correlation 
between clinical/biochemical parameters and SDCS scores within the T1D group. 
Results: The mean age of individuals in the T1D group was 10.27 ± 3.25 years, while the control group had a comparable mean age of 10.48 ± 3.5 years (P = 0.303). 
Within the T1D group, the median duration of diabetes was 5 (1-15) years, and the median glycosylated hemoglobin A1c (HbA1c) level for the past one year was 8.4 
%. Although there was no significant difference in total SDSC scores between the T1D and control groups, both groups exhibited average scores that remained close to 
the threshold indicative of sleep disturbances (>39). Notably, individuals with total SDSC scores surpassing 39 were identified at rates of 48.6 % in the T1D group 
and 47.6 % in the control group, respectively. Furthermore, disorders of arousal nightmares (DA) were more prevalent in T1D patients compared to their healthy 
peers (P = 0.049). Additionally, HbA1c showed a positive correlation with scores for disorders of excessive somnolence (DOES) and total scores (P < 0.001, R =
0.368; P = 0.003, R = 0.243). 
Conclusion: Our study found that the prevalence of sleep disturbances among children and adolescents with T1D was not significantly higher than that observed in 
their healthy peers. Nevertheless, it is crucial to note that a notable portion, 48.6 % of T1D cases and 47.6 % of healthy cases, displayed sleep disturbances based on 
SDSC scores. To optimize diabetes management and proactively address potential challenges, incorporating routine screening for sleep disturbances in the moni
toring of T1D patients can yield valuable benefits.   

1. Introduction 

Diabetes mellitus (DM) refers to a cluster of metabolic disorders 
marked by a persistent elevation in blood glucose levels due to de
ficiencies in insulin secretion, insulin function, or a combination of both. 
Type 1 DM (T1D) is a chronic autoimmune condition characterized by 
the targeted destruction of insulin-producing pancreatic β cells. It stands 
out as the predominant form of diabetes in childhood [1,2]. 

Sleep is universally recognized as a fundamental physiological ne
cessity, encompassing roughly one-third of human life and playing a 
crucial role in maintaining overall health [3]. Beyond its impact on 
productivity, sleep profoundly influences cognitive functions like 
memory and concentration, contributing to both physical and psycho
logical restoration [4,5]. Epidemiological investigations revealed that 

50 % of children grapple with sleep-related challenges [6–8], with 
approximately 4 % experiencing clinically significant sleep disorders 
[9]. These disorders can stem from medical sources, such as obstructive 
sleep apnea, restless legs syndrome, periodic limb movement disorder, 
narcolepsy, or behavioral factors, like childhood behavioral insomnia. 
Common complaints include difficulty initiating sleep, nocturnal 
awakenings, snoring, excessive daytime sleepiness, and compromised 
daytime functioning. Recognizing these complaints as potential symp
toms of treatable sleep disorders underscores the importance of 
addressing sleep-related issues for overall well-being. 

In many studies, a decline in sleep quality and regularity has been 
reported in patients with diabetes, similar to other chronic illnesses [10, 
11]. Most of these studies, predominantly involving the adult popula
tion, have focused on evaluating sleep quality, specifically by 
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investigating cases of Type 2 DM (T2D) due to the adverse effects of 
obesity and its associated comorbidities on sleep quality [11]. In the 
context of T1D, recent findings across both pediatric and adult pop
ulations indicate a dynamic and reciprocal relationship between sleep 
and T1D [12,13]. Physiological and behavioral aspects of T1D and its 
management can contribute to poor sleep quality [13–15], reduced 
sleep duration [13,16], and alterations in sleep architecture [13,17]. 
Conversely, sleep problems and disruptions can also impact insulin 
sensitivity and glucose regulation [18,19]. In a comprehensive study 
utilizing 7-day actigraphy and single-night home-based poly
somnography (PSG) recordings to assess sleep patterns, notable differ
ences were identified between individuals with T1D and the control 
group. The findings revealed that T1D cases exhibited significantly 
delayed sleep onset and offset compared to the control group. Further
more, within the T1D patient group, those with suboptimal glycemic 
control (HbA1c ≥ 7.5 % [≥58 mmol/mol]) displayed a distinct pattern, 
experiencing significantly shorter total sleep time based on 
actigraphy-derived measurements [20]. A study also highlighted that 
adolescents at high risk of T1D encounter sleep difficulties, primarily 
attributable to delayed bedtime, resulting in a cumulative sleep deficit. 
Interestingly, despite the absence of objective disparities, these in
dividuals perceive their sleep quality to be worse compared to their 
non-diabetic peers [21]. 

Besides these topics, research on medical-based sleep disorders in 
individuals with T1D, especially among children and adolescents re
mains limited. Additionally, the researchers indicate that sleep distur
bances in children are often insufficiently screened, not adequately 
reported by parents, and consequently underdiagnosed [22,23]. Diag
nosing sleep disorders is crucial, as it negatively impacts academic 
performance, cardiovascular health, and cognitive functions among 
children as well as essential skills for effective diabetes management 
[23]. 

In our study, our first objective was to assess sleep disturbances in 
patients diagnosed with T1D and explore whether these patients expe
rience significantly more sleep disturbances compared to their healthy 
peers. Secondly, we aimed to examine the correlations of sleep distur
bance scores with glycemic control and clinical/laboratory findings 
within the T1D group. 

2. Materials and methods 

2.1. Study design 

This study, designed as a cross-sectional, single-center, case-control 
investigation, involved a cohort of 250 participants aged 6–15 years. 
Among these, 144 were allocated to the T1D group, comprising in
dividuals diagnosed with T1D and undergoing follow-up at the pediatric 
endocrinology clinic of Akdeniz University Hospital, Antalya, Turkey. 
The control group consisted of 106 healthy volunteers carefully matched 
with T1D patients for age, gender, and sharing a similar sociodemo
graphic profile. They were recruited through primary, secondary, and 
high school students residing in the city center, and individuals willing 
to participate in this study were invited to our hospital accompanied by 
their parents. Anthropometric measurements were taken. A compre
hensive review of the control group participants’ prior clinical assess
ments, health records, and prescriptions was conducted using the 
national "e-nabiz" data system, supported by the Turkish Ministry of 
Health. Exclusions from the control group encompassed individuals with 
chronic diseases or those utilizing medications. For the T1D group, 
additional exclusion criteria included patients diagnosed with types of 
diabetes other than T1D and those with a T1D diagnosis of less than one 
year. Participants in either group using medications known to influence 
sleep disturbances, such as antidepressants, melatonin, or stimulant 
drugs, were also excluded from the study. The Sleep Disturbance Scale 
for Children (SDCS) scores of the T1D group were compared with those 
of the control group. Furthermore, the study explored the correlation 

between clinical/biochemical parameters and SDCS scores within the 
T1D group. 

2.2. Diagnosis of T1D and clinical/laboratory investigations 

We determined the diagnosis of patients with T1D according to the 
International Society for Pediatric and Adolescent Diabetes (ISPAD) 
2018 guideline [24]. Data on sociodemographic characteristics (e.g. 
age, parent’s education, family income, number of people living at 
home) were collected using a questionnaire. The frequency of daily 
blood glucose checks, insulin regimen (pen or pump), using continuous 
glucose monitoring (CGM) or not, total insulin dosage (u/kg/day), and 
diabetic ketoacidosis (DKA) history in the last 6 months, were also 
recorded. Body weight was measured using an electronic scale. Height 
was measured with a wall-mounted stadiometer in both the upright 
standing position and during deep inspiration. Body Mass Index (BMI) 
was calculated by dividing weight by the square of height (kg/m2). 
Standard deviation scores (SDS) for height, weight, and BMI were 
determined based on reference values for Turkish children [25]. 

2.2.1. Sleep disturbance evaluation 
Sleep Disturbance Scale for Children was used to evaluate sleep 

disturbances of T1D and control cases. SDSC is a tool developed by Bruni 
et al. [26] in 1996 to assess a child’s sleep behaviors and disturbances 
over the preceding 6 months. This instrument is internally consistent, 
reliable, and valid within the 6–15 age population. Designed on a 
five-point Likert scale, the questionnaire can differentiate between six 
groups of sleep disorders most commonly observed among children and 
adolescents: 1) disorders of initiating and maintaining sleep (DIMS), 2) 
sleep-disordered breathing (SDB), 3) disorders of arousal nightmares 
(DA), 4) sleep-wake transition disorders (SWTD), 5) disorders of 
excessive somnolence (DOES), 6) sleep hyperhidrosis (SHY). The total 
score of the scale is calculated by summing the scores of the six 
sub-dimensions of sleep disturbance, with higher scores indicating a 
greater occurrence of sleep disorders. The researchers have suggested a 
cutoff score of 39, noting that in their assessments, this score corre
sponds to the third quartile of the control group, with a sensitivity of 
0.89 and specificity of 0.74 [26]. SDSC is a scale based on parental 
notification, and literate parents completed this survey, taking into ac
count their children’s sleep patterns over the last 6 months. SDSC was 
validated in clinical samples and it was found to be a reliable scale that 
could screen sleep disturbance in school-age Turkish children by Akçay 
et al. [27]. 

2.3. Statistical analysis 

We conducted the statistical analysis using The Statistical Package 
for the Social Sciences (SPSS for Windows, Version 23.0, Chicago, IL, 
USA). Continuous measurements were reported as either median 
[Interquartile range (IQR)] or mean ± standard deviation (SD), while 
categorical data were presented as counts and percentages. For the 
comparison of categorical variables, we employed Pearson’s chi-square 
and Fisher’s exact tests. To assess normality, the Shapiro-Wilk test was 
used, and distribution was also checked when comparing continuous 
measurements. Normally distributed parameters were compared using 
the t-Test, while non-normally distributed parameters were compared 
using the Mann-Whitney U test. The Pearson correlation test was utilized 
to explore relationships among normally distributed variables, and the 
Spearman correlation was employed for variables that did not adhere to 
a normal distribution. A p-value less than 0.05 was considered indicative 
of statistical significance. 

2.4. Ethics 

This study received approval from the Akdeniz University Ethics 
Committee (approval number: 70904504/136). Before commencement, 
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informed consent was obtained from their parents. The research adhered 
to the principles outlined in the Declaration of Helsinki and followed the 
Ethical Guidelines for Medical and Health Research Involving Human 
Subjects. 

3. Results 

In total, 144 T1D patients and 106 control cases completed the 
required questionnaires and were included in the study. The mean age of 
the cases in the T1D group was 10.27 ± 3.25 years and the control group 
was similarly 10.48 ± 3.5 years (P = 0.303). Gender rates and anthro
pometric measures were also similar in the two groups (Table 1). No 
statistically significant differences were observed in terms of BMI be
tween the groups. Likewise, the obesity rate in the T1D group was 3.4 % 
(5 out of 144), while in the control group, it was 3.7 % (4 out of 106). 

In the T1D group, the median duration of diabetes was 5 (1 - 15) 
years. The rate of those who had a DKA attack in the last 6 months was 
11.8 %. 34 % of the cases were using insulin pumps and 68.8 % were 
using CGM. The median HBA1c level of the patients for the last year was 
8.4 % (Table 2). 

Sleep disturbance scale for children scores of T1D patients and 
controls were given in Table 3. There was no significant difference be
tween the T1D group and the control group in the SDSC scores and 
subscales of the SDSC except DA. It was found that DA is more prevalent 
in T1D patients when compared to healthy peers (P = 0.049). Never
theless, in both groups, the average score remained close to the 
threshold for defining sleep disturbances (total score >39). According to 
this cut-off value, the findings revealed a 48.6 % incidence of sleep 
disturbance in the T1D group and a comparable rate of 47.6 % in the 
control group (P = 0.979). 

Correlational analyses of SDSC scores with clinical and laboratory 
findings of T1D patients were given in Table 4. Hba1c was positively 
correlated with the DOES scores and total scores (P < 0.001, R = 0.368; 
P = 0.003, R = 0.243). The SHY score was negatively correlated with the 
duration of diabetes (P = 0.013, R = − 0.214). 

Subgroup analyses of T1D patients were also examined according to 
the usage of insulin pump or CGM. SDSC scores of cases using and not 
using CGM were found to be similar, just as in cases using and not using 
insulin pump. 

4. Discussion 

Sleep disturbances have been consistently observed as a common 
occurrence in individuals with T1D throughout their lifespan, starting as 
early as childhood [28]. In addition to qualitative research exploring 
data associated with T1D; studies examining medical-based sleep issues 
in individuals with T1D are limited. Evaluating sleep disturbances in 
individuals with T1D is essential because of the potential influence of 
sleep disorders on diabetes management. Moreover, considering T1D as 
a lifelong chronic condition, extended exposure to sleep disturbances 
may contribute to an increased risk of exacerbating complications 
related to diabetes [14,28–30]. In our study, although we did not 

observe a significant difference in the total SDSC scores between the two 
groups when comparing patients with T1D to their healthy peers, the 
responses from parents on the questionnaire concerning patients with 
T1D indicated that 48.6 % of them met the clinical cutoff of sleep dis
turbances. In a sample of preschoolers, 9 out of 10 children with T1D 
exceeded the clinical cutoff value on a parent-reported sleep diary of 
sleep disturbance [31]. In the school-age population, 67 % of children 
with T1D surpassed the score cutoff on a parent-reported measure 
evaluating sleep disturbances through the Child Sleep Habits Ques
tionnaire and Pittsburgh Sleep Quality Index (PSQI) [15], with a noted 
prevalence of 60 % in adolescents through School Sleep Habits Survey 
[32]. In a cross-sectional study involving T1D and healthy controls 
matched for age range, subjective sleep characteristics were evaluated 
using the SDSC scale and the study revealed no significant difference in 
the mean SDSC score between children with diabetes and controls, with 
total scores of 39.58 ± 8.74 and 39.6 ± 8.68, respectively. These find
ings align closely with the results obtained in our study [33]. Moreover, 
they also highlighted that the mean score in both groups was on the 
borderline for categorizing sleep disturbances [33]. 

Studies investigating the relationship between T1D and sleep delve 
into various aspects beyond sleep disturbances, including sleep quality, 
sleep duration, and sleep architecture through sleep cycles. In a study 
assessing sleep timing and quality using the PSQI, adolescents with T1D 
reported later bedtimes (an increase of 36 min, p < 0.05) and shorter 
sleep duration (a decrease of 53 min, p < 0.05) compared to the control 
group. Additionally, they were more likely to rate subjective sleep 
duration, efficiency, and quality as ’poor.’ However, objectively 
measured sleep patterns, determined through a 7-day actigraphy, were 
found to be similar between the two groups [21]. In a meta-analysis 
conducted by Reutrakul et al. [13], it was similarly observed that chil
dren with T1D experienced shorter sleep durations compared to the 

Table 1 
Descriptive findings of the participants.  

Variable T1D 
N = 144 

Controls 
N = 106 

P value 

Age 10.27 ± 3.25 10.48 ± 3.5 0.303 
Gender (F/M) 72/72 48/58 0.461 
Weight SDS 0.24 (− 0.43 / 0.97) − 0.01 (− 0.80 / 0.77) 0.229 
Height SDS 0.28 (− 0.47 / 0.87) 0.27 (− 0.52 / 1.01) 0.879 
BMI SDS 0.25 (− 0.52 / 0.88) − 0.17 (− 0.82 / 0.70) 0.064 

Data are expressed as mean ± SD or median (25th - 75th percentiles) or as 
number (percent). 
T1D: type 1 diabetes mellitus; SDS: standard deviation score; F: female; M: male; 
BMI: body mass index. 

Table 2 
Clinical and laboratory findings of type 1 diabetes mellitus patients.  

Variable N = 144 

Age at diagnosis (year) 7.5 (4 – 10) 
Diabetes duration (year) 5 (1 – 6) 
DKA + 17 (11.8 %) 
DKA - 127 (88.2 %) 
Insulin regimen  

Pen 95 (66 %) 
Pump 49 (34 %) 

Insulin dosage (u/kg/day) 0.71 (0.56 – 0.97) 
Daily glucose checka 7 (5 – 9) 
CGM usage 45 (31.2 %) 
HbA1c (%, mmol/mol) 8.4 % (7.5 – 10.2), 58.8 (52.5 – 71.4) 

Data are expressed as median (25th - 75th percentiles) or as number (percent). 
T1D: type 1 diabetes mellitus; DKA: diabetic ketoacidosis; CGM: continuous 
glucose monitoring; HbA1c: glycolisated hemoglobin A1c. 

a Only in CGM(− ) cases (n = 99). 

Table 3 
Sleep disturbance scale for children scores of participants.  

SDSC subgroups T1D 
N = 144 

Controls 
N = 106 

P value 

DIMS 13 (11 – 16) 13.5 (12 – 16) 0.075 
SDB 3 (3 – 4) 4 (3 – 4.5) 0.211 
DA 5 (3 – 6) 4 (3 – 5) 0.049 
SWTD 6 (5 – 8) 6 (4 – 8) 0.322 
DOES 8 (7 – 11) 8 (6 – 10) 0.089 
SHY 3 (2 – 4.5) 3 (2 – 4) 0.244 
Total score 39 (33.5 – 46) 39 (35 – 46) 0.722 

Data are expressed as median (25th - 75th percentiles). 
T1D: type 1 diabetes mellitus; SDSC: sleep disturbance scale for children; DIMS: 
disorders of initiating and maintaining sleep; SDB: sleep-disordered breathing; 
DA: disorders of arousal nightmares; SWTD: sleep-wake transition disorders; 
DOES: disorders of excessive somnolence; SHY: sleep hyperhidrosis. 
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control group. Adolescents and young adults with T1D often disclose 
sleeping fewer hours than the recommended 8–10 hours per night, with 
a self-reported average of 7 hours of nightly sleep. On the subject of sleep 
architecture, specifically the structural arrangement of sleep types and 
stages, individuals with T1D exhibited a diminished proportion of 
slow-wave (’deep’) sleep compared to matched controls without dia
betes [17,34]. Qualitative investigations within these demographics 
have unveiled recurring themes concerning impediments to sleep, 
encompassing both general factors such as pre-bedtime electronic use, 
homework-related stress, and overall anxiety, as well as 
diabetes-specific challenges like the fear of hypoglycemia, fluctuations 
in glucose levels, and disruptions caused by CGM or pump alarms [35, 
36]. Current studies suggest that there is a dynamic and bidirectional 
relationship between sleep patterns and T1D [12,13]. Sleep restriction 
has been correlated with challenges in executive functioning, memory 
impairment, and behavioral dysregulation - all crucial skills for effective 
diabetes management [28,37,38]. Furthermore, sleep debt, irregular 
sleep patterns, and untreated SDB may influence glycemic control 
through increased cortisol levels and an imbalance in autonomic ner
vous system activity [3–5]. Additionally, recent research indicated that 
factors such as sleep efficiency, the time it takes to fall asleep, wake
fulness after sleep onset, and bedtime are significant contributors to 
glycemic outcomes in children with T1D. These results imply that the 
quality of sleep, as opposed to the total sleep time, is closely linked to 
glycemic variability in this particular group of children [39]. 

In our study, a significant positive relationship was identified be
tween the total SDSC score and HbA1c levels. Some studies propose that 
adolescents facing more significant sleep disturbances and experiencing 
lower sleep quality tend to exhibit poorer management of T1D and 
higher HbA1c levels [14,40,41]. Moreover, there is a potential risk for 
children and adolescents with T1D who undergo reduced sleep duration 
and an escalation in sleep disturbances, as they may be prone to higher 
HbA1c values [42]. Furthermore, a study has demonstrated that the 
cumulative impact of self-reported poor sleep is associated with elevated 
HbA1c levels, increased instances of severe hypoglycemia, and a higher 
frequency of episodes of DKA in young individuals [42]. 

The scores related to the DOES subscale, encompassing questions 
that evaluate difficulty in waking up, tiredness when waking up, sleep 
paralysis, daytime somnolence, sleep attacks, and bed-wetting were 
similar in patients with T1D and controls in our study. Conversely, we 
observed a positive correlation between DOES scores and HbA1c levels 
in cases with T1D. This condition may suggest that poorly managed 
diabetes may contribute to a potential hyperglycemic course, leading to 
bed-wetting, as well as disrupting nighttime sleep quality and resulting 
in problems such as feeling sleep-deprived during the day and waking up 
fatigued. On the other hand, similar to the observed negative correlation 
between diabetes duration and the SHY subgroup, the possibility exists 
that these correlations may result in random statistically significant 
outcomes due to the narrow range of scoring scales and the low corre
lation coefficients employed within these subgroups. Additionally, in the 
assessment of subgroup analyses, the scores related to the DA subscale, 
encompassing questions that evaluate sleepwalking, sleep terrors, and 
nightmares, were statistically higher in patients with T1D. 

Comprehensive studies are needed to assess whether these findings are 
indeed higher in individuals with T1D compared to their healthy peers, 
to determine the prevalence of arousal nightmares in T1D cases, and to 
investigate the potential relationship between T1D and these sleep 
disturbances. 

Evaluating conditions related to breathing problems, sleep apnea, 
and snoring in the SDB subscale, there was no difference between the 
patient and control groups in our study. In a prospective case-controlled 
study, the prevalence of SDB in individuals with T1D was reported to be 
35 %, and this rate was stated to be comparable to the control group 
[17]. On the other hand, the data from the same study, support that even 
mild SDB contributes to elevated glucose levels and hyperglycemia in 
youth with T1D, as previously reported by Villa et al. [43]. Findings of 
three pediatric studies linked SDB with suboptimal glycemic control. 
Specifically, when compared to youth maintaining well-controlled dia
betes, those with poor control exhibited increased respiratory chal
lenges, including more frequent respiratory arousals, apneas, and 
central apneas [17,43,44]. A comprehensive nationwide study in France 
unveiled that 12.4 % of adult patients diagnosed with T1D exhibited 
mild-to-moderate sleep apnea, with an additional 3.4 % experiencing 
severe sleep apnea. Performing a multivariate analysis after adjusting 
for age, gender, BMI, and hypertension, as significant factors linked to 
sleep apnea, the presence of severe sleep apnea was notably associated 
with macrovascular complications, while mild-to-moderate sleep apnea 
showed a significant correlation with the presence of diabetic retinop
athy [45]. Despite the lower prevalence of macrovascular and micro
vascular complications in the pediatric age group, attributed to the 
shorter duration of diabetes in comparison to adults, screening for SDB 
in the early stages can still be beneficial for patients in terms of effective 
diabetes management and long-term complication risk monitoring. 

Finally, SDSC scores of cases using and not using CGM were found to 
be similar, just as in cases using and not using an insulin pump. Studies 
are also beginning to examine how diabetes management technology 
impacts children and adolescents’ sleep behaviors and the results are 
controversial. For subjective reports of sleep quality and disturbances, 
children and young adults do not report challenges initiating and 
maintaining sleep due to their CGM usage or continuous subcutaneous 
insulin infusion [33,42]. Certainly, in a particular study, investigators 
discovered that adolescents utilizing an insulin pump reported experi
encing fewer disruptions in sleep and longer durations of sleep 
compared to their counterparts who relied on injections [31]. On the 
other hand, although the utilization of CGM and insulin pumps 
considerably streamlines diabetes management in comparison to tradi
tional fingerstick glucose measurements and insulin injections with a 
pen, parents report increased sleep disruptions attributed to device 
alarms [46,47]. In patients with T1D using a closed-loop insulin pump 
system, sleep disturbance research may yield different results by elimi
nating hypoglycemia fear and issues related to alarm systems. Subgroup 
analysis was not performed in our study as the number of cases using a 
closed-loop insulin pump system did not provide a sufficient sample size. 

There are certain limitations in our study. Firstly, being a case- 
control study cannot establish a causal relationship between sleep 
disturbance disorders and T1D. Secondly, we chose to assess sleep 

Table 4 
Correlational analyses of sleep disturbance scale for children scores with clinical and laboratory findings of type 1 diabetes mellitus patients.  

Variable DIMS SDB DA SWTD DOES SHY Total score 

Age (year) P = 0.240 P = 0.088 P = 0.787 P = 0.837 P = 0.127 P = 0.720 P = 0.389 
R = 0.102 R = 0.013 R = − 0.024 R = − 0.018 R = 0.132 R = − 0.031 R = 0.075 

Diabetes duration (year) P = 0.752 P = 0.083 P = 0.309 P = 0.155 P = 0.694 P = 0.013a P = 0.952 
R = − 0.028 R = 0.013 R = 0.089 R = 0.123 R = 0.034 R = − 0.214 R = 0.005 

HbA1c P = 0.133 P = 0.055 P = 0.063 P = 0.094 P < 0.001a P = 0.787 P = 0.003a 

R = 0.126 R = 0.161 R = 0.156 R = 0.140 R = 0.368 R = − 0.023 R = 0.243 

HbA1c: glycolisated hemoglobin; DIMS: disorders of initiating and maintaining sleep; SDB: sleep-disordered breathing; DA: disorders of arousal nightmares; SWTD: 
sleep-wake transition disorders; DOES: disorders of excessive somnolence; SHY: sleep hyperhidrosis. 

a Statistically significant correlation. 
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disturbances using a questionnaire, a subjective method relying on 
parents’ observations. Confirmation of the findings through methods 
that provide objective results, such as PSG and actigraphy, would offer 
more reliable outcomes. Thirdly, CGM records and fingerstick glucose 
results were not taken into consideration, limiting our ability to inves
tigate the impact of nocturnal glucose trends on sleep, including hy
perglycemic and hypoglycemic events. Fourthly, it should be noted that 
the subgroup results of the SDSC questionnaire lack sufficient power to 
generalize the findings to the overall population, as mentioned earlier. 

In conclusion, our study found that the prevalence of sleep distur
bances among children and adolescents with T1D was not significantly 
higher than that observed in their healthy peers. Nevertheless, it is 
crucial to note that a notable portion, 48.6 % of T1D cases and 47.6 % of 
healthy cases, displayed sleep disturbances based on SDSC scores. To 
optimize diabetes management and proactively address potential chal
lenges, incorporating routine screening for sleep disturbances in the 
monitoring of T1D patients can yield valuable benefits. 
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