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Abstract:

Background: Type 1 Diabetes Mellitus is one of the most common chronic health conditions in
youth. Sleep is a crucial determinant of psychological, emotional, and physical health. There are
evidences suggest that Type 1 Diabetes Mellitus may be associated with sleep disorders. Objective:
Our aim is to study sleep architecture in children with Diabetes Mellitus Type 1, by using
polysomnography and correlating the findings to glycemic state. Methods: Forty children were
included in this study, divided into two groups: twenty diabetic patients and twenty healthy
volunteers. All children were subjected to thorough clinical assessment, and polysomnography.
Diabetic children were also subjected to the random blood sugar and HbAlc. Result: the diabetic
group showed statistically significant difference in the lighter sleep (N1 stage) (P value = 0.001)
and respiratory parameters (average oxygen saturation and lowest oxygen saturation) (P values =
0.018) in comparison to the control group. However, no statistically significant difference was
found on the deep sleep (N2, N3 & REM), Apnea Hypopnea index or snoring. Conclusion:
Polysomnography can give valuable information helping to detect the effect of Type 1 Diabetes
Mellitus on increasing the lighter sleep (N1 stage) and decreasing oxygen saturation in children
with Type 1 Diabetes Mellitus.

Keywords: Sleep architecture; polysomnography; glycemic state.

1. Introduction:

The relationship between sleep and Type 1 sleep problems and disruption can affect
Diabetes  Mellitus is  dynamic  and insulin sensitivity and glucose regulation. [1].
bidirectional. Type 1 Diabetes Mellitus can Sleep Disordered Breathing (SDB) has
contribute to sleep changes. On the other hand, primarily been studied in adults with Type 2
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Diabetes Mellitus (T2DM). There

association between poor glucose control and

is an

the severity of SDB [2]. The complications of
diabetes (such as neuropathy) also increase the
frequency of apneas and prolong their duration
[3].

SDB poorly
(hemoglobin Alc > 8.0%) with Type 1
Mellitus (T1DM) compared

healthy children had more frequent and longer

in controlled  children

Diabetes to
apneas compared with patients with better
controlled diabetes and controls [4].
Inadequate amounts of sleep and SDB may be
particularly problematic for individuals with
Type 1 Diabetes Mellitus [5]. However, the
relationship between sleep quantity and quality
in children with Type 1 Diabetes Mellitus is
largely unstudied.

Sleep architecture may be altered in adults
with Type 1 Diabetes Mellites. In some
studies, diabetic patients spent more time in
lighter stages of sleep (N1 and N2) [6], Rapid
Eye Movement (REM) and less time in Slow
Wave Sleep (SWS) [7], in contrast, other
studies did not show a difference in sleep
architecture compared to healthy participants.
However, these studies demonstrated that
patients with Type 1 Diabetes Mellitus had
more frequent and longer awakenings [8].

In this study, we hypothesize that Type 1
Diabetes Mellitus in children can affect sleep

architecture.
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2. Aim of the work:

Is to study sleep architecture in children with
Diabetes Mellitus Type 1.

3. Patients and Methods:

Twenty Diabetic Children and twenty healthy
children (case control study), with age and sex
matching.

m Inclusion criteria:

- 10-15 year’s old children with TLDM

- Male and female patients.

- Diagnosed by fasting blood sugar

- Performing HBALc within one month before
(PSG) the
glycemic control (Controlled HbAlc < 6.5,
uncontrolled HbAlc > 6.5 [9].

- Random blood sugar just before performing
PSG detect the

polysomnography to detect

to glycemic  state

(Hyperglycemia: RBS > 180, normoglycemia:

RBS < 180 [9].

Exclusion criteria:

- Type 2 DM (T2DM)

- Overweight (weight between 85 - 95% of

growth chart) & obese children (weight more

than 95% of growth chart) [10].

- Down syndrome children

- Other medical problems (chest disease,

cardiovascular disorder and hypertension).

3.2 All patients were subjected to:

m Neuropediatric assessment:

1- History taking regarding the presence of
manifestation of Diabetes mellitus:

polyuria, polydipsia, nocturnal enuresis,

and weight loss.
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m  Examination of measurements (weight,
height and Body Mass Index)

m laboratory investigations: HbAlc and
random blood sugar.

m  Neurophysiological assessment: One
night of laboratory-based

polysomnography (PSG). PSG was
performed using Somnoscreen plus
PSG+ and DOMINO software. The
following electrophysiological data was
recorded:

A- Electroencephalography (EEG) electrodes
(C3/A2, C4/Al, F3/A2, F4/Al, O1/A2
and O2/A1) were applied according to the
international 10-20 system of electrode
placement.

B- Electrooculography (EOG) electrodes:
the left and right active electrodes were
placed on the lateral side of infraorbital
and supraorbital surfaces respectively.

C- Sub mental and tibial EMG electrodes.

D-ECG electrodes were applied over the
anterior chest.

E- Respiratory  monitoring: an  airflow
cannula and thermistor to measure
respiratory  airflow,  thoracic  and
abdominal sensor belts to measure
respiratory effort.

F- Finger pulse oximetry to detect oxygen
saturation.

G- Snoring neck microphone

H- The PSG was scored manually
according to the American Academy of

Sleep  Medicine  guidelines.  Sleep

parameters were obtained for each

participant included;

1- Percentage of each stage (%) (N1, N2, N3

& REM)

2- Average and lowest Oxygen saturation (%)
3- Snoring.

4- Apnea event: reduction in the respiratory

flow through the thermistor > 90% for more

than 10 seconds.

5- Hypopnea event: reduction in the nasal

pressure > 30 % for more than 10 seconds
associated with reduction in oxygen

saturation > 3 % or arousal.

6- Apnea index: the number of apnea events

per hour of sleep

Hypopnea index: the number of hypopnea
events per hour of sleep [11].

Apnea Hypopnea index (AHI): the number
of apneas and hypopneas detected per hour
of sleep. It was graded as ‘mild’ (1-4.9/h),
‘moderate’ (5-9.9/h), or ‘severe’ (>10/h)
[12].

Statistical methodology

Data were coded and entered using the
statistical package for the Social Sciences
(SPSS) version 25 (IBM Corp., Armonk,
NY, USA). Data was summarized using
mean, standard deviation, median, minimum
and maximum in quantitative data and using
frequency (count) and relative frequency

(percentage) for categorical data.

Comparisons between quantitative variables

were done using the non-parametric Mann-
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Whitney test [13]. For comparing categorical

data, Chi square (y2) test was performed.

Bivariate correlation test to test association
between variables. Exact test was used instead
when the expected frequency is less than 5
[14]. P-values less than 0.05 were considered

as statistically significant.

4. Results:

This study was carried on 20 Egyptian patients
with type 1 diabetes mellitus and 20 control

subjects, age and sex matching.

4.1 DEMOGRAPHIC RESULTS
A- Age (Yrs): The age of the patients and

controls ranged between 10 to 15 years with a
mean of 12.13 (£1.49) years in patients’ group
and 11.55 (x1.70) years in control group.
There
difference between the age of the patients and

was no statistically significant

that of the control group, as shown in table (1).

B- Body Mass Index (Kg/.m?): There was no
statistically significant difference between
BMI of the patients and that of the control

group, as shown in table (1).

Table (1): Age & BMI distribution in T1DM patients and control groups

Group Minimum Maximum Mean +SD P value
Patients 10 14.5 12.13 1.49

Control Age |10 14 11.55 1.70 0.265
Patients 13.70 21.40 17.48 2.32

Control BMI | 14.00 21.70 16.81 1.75 0.289

B- Gender: the study includes 6 males (30%) and 14 females (70%) in the patient and control

groups. as shown in table (2)

Table (2): Gender distribution in TIDM patients and control groups

No Males Percent Females Percent P value
Patients 20 6 30 14 70
1
Control 20 6 30 14 70
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4.4 Polysomnography Results:

Sleep stages (%): There was statistically significant difference between stage 1 and there were no

statistically significant differences in stage N2, N3 or REM of the patients and that of the control

group, as shown in table (3) and figure (1).

Table (3): sleep stages in TIDM patients and control groups

Group
P
diabetic cases Control
value
Mean |SD | Median| Minimum [ Maximum | Mean | SD Median | Minimum | Maximum

<
N1 15.19 |18.08(14.30 |4.10 36.20 6.32 [3.75 |6.20 1.60 17.20

0.001
N2 37.67 19.16|35.55 [23.60 55.30 42.32 19.00 [41.10 |[20.40 65.80 0.056
N3 37.63 19.85(38.15 19.60 56.60 39.31(10.71|41.00 |8.60 67.20 0.512
REM|10.52 (4.53]9.75 4.50 19.80 1250 |4.52 (11.30 |5.90 22.60 0.242

Figure (1): N1 in T1DM patients and control groups
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Apnea/Hypopnea index (AHI): There was no statistically significant difference between AHI of

the patients and that of the control group, as shown in table (4).

Table (4): AHI in T1DM patients and control group.

Group
diabetic cases control P value
Mean | SD [Median | Minimum | Maximum [ Mean | SD | Median | Minimum | Maximum
AHI|2.05 |5.01]0.00 0.00 20.00 0.50 |2.24]10.00 0.00 10.00 0.429

Average and Lowest Oxygen saturation (%): There was statistically significant difference

between Oxygen saturation of the patients and that of the control group, as shown in table (5) &

figure (2), (3)

Table (5): O2 saturation in TIDM patients and control groups.

group
L P
diabetic cases control
value
Mean| SD [ Median | Minimum | Maximum [ Mean | SD | Median | Minimum | Maximum
average
02 948 (2.07194.5 88 98 96.25 |1.59|97 93 98 0.018
saturation
lowest O2
_ 85.45 (5.39184.00 [73.00 95.00 89.55 |5.07/90.50 |79.00 96.00 0.018
saturation
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Figure (2): Average O2 saturation in T1DM patients and control groups.
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Figure (3): Lowest O2 saturation in T1DM patients and control groups.
Snoring: There was no statistically significant difference between snoring of the patients and that

of the control group, as shown in table (6)

Table (6): snoring in TLDM patients and control groups.

Group
diabetic cases control P value
Count % Count %
Yes 8 40.0% 4 20.0%
snoring 0.168
No 12 60.0% 16 80.0%
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4.5 Correlation results

1- Correlation between Hemoglobin Alc, Random Blood Sugar & BMI with sleep
parameters: There was a significant positive correlation between HbA1lc and N1 stage, in addition
to a significant negative correlation between HbAlc and REM stage. As shown in table (8) & figure
(4), (5). There was also a significant negative correlation between the Body Mass Index and

Oxygen saturation. As shown in table (8) & figure (6), (7).

Table (8): Correlation between HbAlc, RBS & BMI with sleep parameters.

Sleep parameters HbAlc | RBS BMI
N1 R 453 422 248
Pvalue |.045 .064 292
N2 R -.139 .056 -.215
P value | .558 816 363
N3 R -.178 -.204 -.082
Pvalue [ .453 .387 730
REM R -.600 -.164 -.199
P value |.005 488 400
AHI R -.338 -.045 -.162
Pvalue |.145 851 495
Snoring R -.148 290 -.110
Pvalue |.534 214 644
Average 02. S R -.259 -146 | -501
Pvalue |.271 538 .024
Lowest O2. S R -121 -294 -.494
Pvalue |.611 209 .027

HbA1c; glycosylated Hemoglobin, RBS; Random Blood Sugar, BMI; Body Mass Index, REM;
Rapid Eye Movement, AHI; Apnea Hypopnea Index.
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Figure (4): significant positive correlation between HbAlc & N1 stage.
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Figure (5): significant negative correlation between HbAlc & REM stage.

Y.



Egyptian Journal of Medical Research (EJMR), Volume 3, Issuel, 2022

98- o o o Le]

a7 o [e]

o o

w
=]
1

average.O2.sauration
w
o
|
o

94+

937

y=1.02E2+-0.34%x]

R Linear =0.251

BMI

Figure (6): significant negative correlation between BMI & average O2 saturation.
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Figure (7): significant negative correlation between BMI & lowest O2 saturation.

5. Discussion:

Type 1 diabetes mellitus is an
autoimmune condition that affects about one
in every 400 children and adolescents [15].
The clinical research in Diabetes Mellitus

was risen to study the sleep-related disorders

YY)

in this population. It has shown that up to
one third of patients with Diabetes Mellitus
suffered from concomitant sleep disorders, as

compared to control groups [16].
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Our
relationship  between Type

study aimed at demonstrating

1 Diabetes
mellitus and sleep stages in addition to sleep
parameters compared to healthy children.
The two study groups were age, sex and BMI

matched.

Our finding showed that children with
Typel Diabetes Mellitus had longer light
stage (stage N1) as compared to control and
correlated to HbAlc (The higher the HbAlc,
the more the percentage of the N1 stage. This
was compatible with the study of Perfect and
colleagues [17] which proved that light stage
of sleep was high in percentage than deep
sleep. Miller and colleagues [18] also
approved that spending more time in lighter
stages had a negative effect on the cognitive
functions. The cognition includes a variety of

mental processes such as memory, problem

solving, language, forward planning and
attention which have serious real-life
consequences.

Hyperactivity of hypothalamic pituitary axis
may be attributed to increasing the light sleep
[19].

(ACTH) and cortisol are increased in diabetic

Adreno-Cortico-Trophic  Hormone
patients which influence sleep fragmentation

and awakening interrupting sleep [20].

Furthermore, average Oxygen saturation
and lowest Oxygen saturation in our study
were significantly decreased in Type 1
Diabetes Mellitus and inversely correlated
with the Body Mass Index (The higher the

Body Mass Index, the lower the Oxygen

YYY

saturation). Hypoxemia activates

hypothalamic—pituitary—adrenaln axis,
sympathetic nervous system and increases in
the cortisol level. Increased level of cortisol
and sympathetic nervous system overactivity
could alter glucose metabolism through
insulin

glycogenolysis, gluconeogenesis,

resistance, and f3-cell dysfunction [21].

The correlation of Body mass Index with
Oxygen saturation signifies its important role
in prediction of the severity of blood oxygen
saturation during apnea and hypopnea event
and could exacerbate sleep disordered
breathing in obese patients [22].

The relationship between Typel Diabetes
Mellitus and Apnea Hypopnea Syndrome is
age dependent and related to long standing
Diabetes [23].
performed on adults (20-79 years) with body

mellitus A study was
mass index less than 40 kg/ m? [24] using
respiratory polygraphy (measured body
position, air flow through nasal cannula,
oximetry, pulse rate and respiratory effort via
thoracic and abdominal bands) revealed that
the prevalence of Obstructive Sleep Apnea in
adults with Typel Diabetes mellitus was high
and approached that of type 2 Diabetes
mellitus. The differences in ages and
measurements (BMI) would explain the
discrepancy between our finding and that

study.

Another study was performed on 67 patients

(mean age 54 + 10 years) using

polysomnography and respiratory polygraphy
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for patient that refused to sleep at hospital
[23]. They stated that habitual snoring was
associated with increase the prevalence of
Obstructive Sleep Apnea in patients with
Type 1 Diabetes Mellitus. We suggest that
the difference was due to discrepant ages,
high duration of DM and presence of snoring
in the patients of the corresponding study.

6. Conclusion and Recommendations:

Polysomnography  can  give  valuable
information, helping to detect the effect of
Type 1 Diabetes Mellitus on increasing the
lighter sleep (N1 stage) and decreasing oxygen
saturation in children with Type 1 Diabetes

Mellitus.
Our recommendations for future work are:

- Studying the effect of Type 1 Diabetes
Mellitus on sleep parameters with using of
continuous glucose monitoring (free style
libre) during sleep.

- We also recommend increasing the number
of patients to detect the effect of Type 1
Diabetes Mellitus on Total Sleep Time and

efficient correlations.
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