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Sleep Apnea Symptoms in Diabetics and their First Degree Relatives
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ABSTRACT

Background: Sleep apnea is associated with increased risk of  
diabetes mellitus. However, no studies have compared sleep apnea 
symptoms in diabetic patients and their first degree relatives. 
The purpose of  our study was to investigate high risk for sleep 
apnea syndrome, in diabetics and their first degree relatives for 
prevention of  diabetes in family.
Methods: As a part of  a cohort study, all of  diabetic and their first 
degree relatives who came for glucose control in diabetes clinic 
were invited to take part in the survey. Two thousand, four hundred 
and sixty‑two individuals (82% of  invited) agreed to fill out the 
Berlin and Epworth sleep questionnaire. Participants consisted of  
2462 subjects of  15–70 years of  age, both males and females with 
diabetes and family history of  type 2 diabetes mellitus. A total of  
1234 participants had diabetes and 11,231 were relatives of  diabetic 
patients. High risk for sleep apnea regarding Berlin questionnaire and 
Epworth sleepiness scale, diabetic and relative were analyzed.
Results: Prevalences of  high risk for sleep apnea were higher 
among diabetics than relatives (P‑value<0.001). In a multiple 
regression analysis, ‘‘age, body mass index, education, high blood 
pressure’’ were risk factor for sleep apnea symptoms while isolated 
blood glucose level was not by Berlin questionnaire. By Epworth 
sleep scale only education level was a risk factor for sleep apnea 
symptoms while isolated blood glucose level was not risk factor.
Conclusions: Sleep apnea symptoms may not have significant 
difference between diabetics and their relatives. We need more 
study on sleep apnea in the family of  diabetic patients. We hope 
that more studies on mentioned field may help prevention of  
diabetes in their family.
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INTRODUCTION
Many medical publications have indicated that habitual 

snoring and sleep apnea is associated with increased risks 
of  obesity and some obesity‑related disorders including 
hypertension, dyslipidemia, hyperglycemia, insulin resistance 
and type 2 diabetes.[1] Some recent studies have suggested an 
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independent association between obstructive sleep 
apnea (OSA), and the mentioned components of  
metabolic syndrome, particularly insulin resistance 
and diabetes.[2] Thus, it seems that OSA and the 
risk factors of  type 2 diabetes are correlated in an 
unknown pathway, but the evidence supporting a 
role for OSA itself  in the development of  type 2 
diabetes is scarce.[3]

It has been proposed that one of  the additional 
ways that OSA could contribute to morbidity and 
or mortality of  its sufferers is through initiation 
or accentuation of  type 2 diabetes.[4] There are 
several biologically plausible path ways to explain 
this correlation, including the effects of  slow wave 
sleep deprivation and intermittent hypoxia.[4]

Several risk factors have been hypothesized in 
developing sleep apnea syndrome such as obesity, 
age, sex, hypertension, heart failure, stroke and 
diabetes. However, little is known regarding 
the existence and influence of  family history of  
diabetes (with varying degrees of  blood glucose 
level) and sleep apnea.

The objectives of  the present study were to 
examine the rates of  those being at high risk for 
sleep apnea in diabetics and their relatives.

METHODS
Ethical committee of  institution reviewed 

and approved the protocol and the methods. All 
participants signed in a written consent of  agreement 
to take part in the study.

All diabetic patients registered at the Isfahan 
Endocrine and Metabolism Research Centre who 
had been under regular follow‑up for at least the 
past 12 months, and their first degree relatives were 
invited to take part in the study.

The study population comprised the 2465 subjects 
(82% of  invited) who accepted to take part in the 
study.

Weight was measured to the nearest kilogram. 
Height was determined to the nearest centimeter. 
Body mass index (BMI) was calculated as the weight 
(kg) divided by the square of  height (meters squared).

Participants verbally reported their blood 
pressure.

Two venous whole blood samples were drawn; 
one after 8–10 h of  fasting and the second, 2‑hours 
after ingestion of  75‑g glucose (2‑h PG).[5]

Hemoglobin A1C was measured for all subjects.

The participants were given the study 
questionnaires to feel it in with the assistance of  
the medical nurses that had been oriented for the 
study proposals.

The questionnaire harbored three parts. The first 
part included questions about education, smoking, 
marriage status, fasting blood sugar, HbA1c and 
sleep duration.

The second part was Berlin questionnaire that is 
well‑known worldwide and has been adopted and 
used in previous studies in Iran.[6]

The Berlin Questionnaire is a 10‑item 
questionnaire, divided in three categories according 
to symptoms: Snoring, sleepiness or chronic fatigue 
and presence of  hypertension or obesity defined as 
BMI above 30 kg/m2. A subject is considered to 
have a high risk for OSA if  he is positive in any two 
of  the categories.[6]

The third part consisted of  the Epworth 
sleepiness Scale (ESS) Sleep Test questionnaire, 
which added detailed questions about sleepiness 
during various conditions.[7] ESS is a validated 
eight‑item self‑rating scale. Scores range from 
0 to 24, where a score greater than 10 indicates 
Excessive Daytime Sleepiness.[7]

Analysis
Statistical analyses were performed using 

Statistical package for the social sciences, (SPSS 
version 14). The numerical measurement findings 
are presented as the means±SD. χ2 test was used to 
test for differences between two groups. Multiple 
logistic regression analysis was performed for 
evaluations of  variables and the results are 
expressed as odds ratios (OR) with 95% confidence 
intervals (CI).

RESULTS
Descriptive statistics for all the predictor variables 

modeled are listed in Table 1 among diabetics and 
relatives. Sex, marital status, educational status and 
age were statistically significant. But there were no 
significant difference for smoking and BMI.

The mean age was higher in the diabetic 
group (53.4 ±12 years) than in their relatives 
(46.9 ± 6.8 years).

Diabetics were predominantly women (69.9%). 
Nearly most of  both groups were non‑smoker.

Over half  of  diabetic people (50.5%) had high 
risk for sleep apnea by Berlin questionnaire. But 
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the majority (88.6%) were nonsleepy by Epworth 
sleep questionnaire.

Sleep duration was around 7.5 hours in both 
groups.

Comparisons of  characteristics with high risk of  
sleep apnea by Berlin questionnaire in both groups 
are presented in Table 2.

Significant difference for age, sex, BMI, 
education, blood pressure, HbA1c, sleep duration 
were reported in diabetics for high risk of  sleep 
apnea by Berlin questionnaire [Table 2].

Significant difference for age, sex, BMI, 
education, blood pressure and FBS were reported 
in relatives for high risk of  sleep apnea by Berlin 
questionnaire [Table 2].

Comparison of  characteristics with high risk 
of  sleep apnea by Epworth sleep questionnaire in 
both groups is presented in Table 3.

Education and HbA1c had significant difference 
in relatives [Table 3].

Significant difference for age, marital status and 
education were reported in diabetics [Table 3].

Multiple logistic regressions [Table 4] was 
performed to identify which factors were 
independently related to high risk for sleep 
apnea by Berlin questionnaire and Epworth sleep 
questionnaire.

The association of  high risk for sleep apnea 
by Berlin questionnaire and Epworth sleep 
questionnaire with fasting blood sugar and HbA1c 
remained nonsignificant [Table 4].

However, age, BMI, education and high blood 
pressure remained as significant independent 
predictor by Berlin sleep questionnaire [Table 4].

With Epworth sleep questionnaire only 
education remained as significant independent 
predictor [Table 4].

DISCUSSION
To our knowledge, this is the first 

epidemiological study in diabetics and their first 
degree relatives designed to analyze high risk for 
sleep apnea symptoms in both groups in Iran.

The present study showed that diabetics and their 
first degree relatives present with high prevalence 
sleep apnea symptoms by Berlin questionnaire 
regardless of  blood glucose level.

In our previous study, prevalence of  sleep 
apnea symptoms with Berlin questionnaire was 
found to be 5%.[6] So individu als with diabetes and 
subjects with family history of  diabetes are more 
likely to report sleep apnea symptoms than normal 
population. Our study showed that high risk 
for sleep apnea by Berlin sleep questionnaire in 
diabetics also were significantly higher than in their 
relatives. But sleepiness score was not different in 
both groups based on ESS questionnaire.

Blood glucose level was not determinant of  
sleep apnea symptoms between two groups.

One of  the major limitations of  this study is 

Table 1: Distribution of the characteristics, anthropometric 
and risk of sleep apnea

Relatives Diabetics P‑value
Sex 0.006

Male 921 (74.8) 372 (30.1)
Female 310 (25.2) 862 (69.9)

Marriage status <0.001
Single 10 (0.8) 48 (3.9)
Married 1214 (99.2) 1181 (96.1)

Education status <0.001
Illiterate 51 (4.2) 170 (14.5)
Primary or secondary 621 (51.3) 518 (44.1)
High school 372 (30.7) 168 (14.3)
University 166 (13.7) 318 (27.1)

Smoking 0.23
Yes 37 (10.3) 50 (8)
No 323 (89.7) 573 (92)

Risk of sleep apnea <0.001
Low 792 (64.3) 611 (49.5)
High 439 (35.7) 623 (50.5)

ESS  0.79
Low 1085 (88.2) 1091 (88.6)
High 145 (11.8) 141 (11.4)

Age <0.001
Mean±SD 46.9 ± 6.8 53.4 ± 12.0

BMI 0.55
Mean±SD 28.7 ± 4.3 28.8 ± 4.7

Mean arterial pressure <0.001
Mean±SD 9.5 ± 1.2 8.9 ± 1.2

FBS <0.001
Mean±SD 95.9 ± 11.5 151.9 ± 53.5

HbA1c <0.001
Mean±SD 5.2 ± 1.7 7.4 ± 1.8

Sleep duration (hours) 0.72
Mean±SD 7.5 ± 1.6 7.5 ± 1.9

Diabetes duration 
(months)

-

Mean±SD - 183.2 ± 89.5

BMI: Body mass index, SD: Standard deviation

www.mui.ac.ir 



International Journal of Preventive Medicine, Vol 3, No 2, February 201298

Amra, et al.: Sleep apnea in diabetics relatives 

the fact that it is a questionnaire‑based study. We 
also did not use polysomnography for sleep apnea 
syndrome diagnosis. Second limitation of  this 
study was that we did not have control group.

Despite some methodological limitations, 

these findings suggesting that both diabetics and 
their families may predispose to the sleep apnea 
syndrome.

The underlying mechanisms of  short sleep 
duration, sleep‑related breathing disorders, 

Table 2: Comparison of baseline characteristics with Berlin’s risk of apnea

Characteristics Relatives Diabetics
Risk of apnea Risk of apnea

Low High Low High 
Sex

Male 218 (27.5) 92 (21.0) 206 (33.7) 166 (26.6)
Female 574 (72.5) 347 (79.0) 405 (66.3) 457 (73.4)
P-value 0.011 0.007

Marriage status
Single 8 (1.0) 2 (0.5) 41 (6.8) 7 (1.1)
Married 779 (99.0) 435 (99.5) 565 (93.2) 616 (98.9)
P-value 0.28 <0.001

Education status
Illiterate 22 (2.8) 29 (6.7) 42 (7.3) 128 (21.4)
Primary or secondary 366 (47.0) 255 (59.2) 242 (42.1) 275 (46.1)
High school 282 (36.2) 90 (20.9) 105 (18.3) 63 (10.5)
University 109 (14.0) 57 (13.2) 186 (32.3) 132 (22)
P-value <0.001 <0.001

Smoking
Yes 24 (9.7) 13 (11.6) 23 (7.9) 27 (8.1)
No 224 (90.3) 99 (88.4) 268 (92.1) 305 (91.9)
P-value 0.57 0.91

Age
Mean±SD 46.2 ± 6.8 48.2 ± 6.8 50.2 ± 12.7 56.6 ± 10.4
P-value <0.001 <0.001

BMI
Mean±SD 27.4 ± 3.4 31.2 ± 4.6 27.1 ± 3.9 30.6 ± 4.8
P-value <0.001 <0.001

Mean arterial pressure
Mean±SD 8.7 ± 1.1 9.2 ± 1.3 9.1 ± 1.2 9.8 ± 1.3
P-value <0.001 <0.001

FBS
Mean±SD 94.7 ± 11.1 98.1 ± 11.9 150.1 ± 55.3 153.7 ± 52.1
P-value <0.001 0.22

HbA1c
Mean±SD 5.2 ± 2.1 5.2 ± 0.8 7.4 ± 1.8 7.5 ± 1.9
P-value 0.66 0.05

Sleep duration (hours)
Mean±SD 7.6 ± 1.6 7.4 ± 1.7 7.5 ± 1.6 7.5 ± 2.3
P-value 0.007 0.59

Diabetes duration (months)
Mean±SD - - 122 ± 78.6 153.3 ± 96.5
P-value - <0.001

BMI: Body mass index, SD: Standard deviation, FBS:Fasting blood sugar, HbA1c: HemoglobinA1C
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Table 3: Comparison of baseline characteristics with Epworth sleepiness scale

Characteristics Relatives Diabetics
Risk of apnea Risk of apnea

Low High Low High 
Sex

Male 269 (24.8) 41 (28.3) 331 (30.3) 39 (27.7)
Female 816 (75.2) 104 (71.7) 760 (69.7) 102 (72.3)
P-value 0.36 0.29

Marriage status
Single 10 (0.9) 0 48 (4.4) 0
Married 1068 (99.1) 145 (100) 1038 (95.6) 141 (100)
P-value 0.24 0.003

Education status
Illiterate 44 (4.1) 7 (5.0) 144 (13.8) 26 (19.7)
Primary or secondary 535 (50.0) 86 (61.4) 452 (43.5) 65 (49.2)
High school 343 (32.1) 28 (20.0) 155 (14.9) 12 (9.1)
University 147 (13.8) 19 (13.6) 289 (27.8) 29 (22)
P-value 0.02 0.04

Smoking
Yes 35 (10.7) 2 (6.3) 45 (8.3) 5 (6.4)
No 293 (89.3) 30 (93.8) 499 (91.7) 73 (93.6)
P-value 0.43 0.38

Age
Mean±SD 46.8 ± 6.9 47.6 ± 6.3 53.2 ± 12.3 55.3 ± 9.7
P-value 0.19 0.01

BMI
Mean±SD 28.7 ± 4.2 28.9 ± 4.4 28.7 ± 4.7 29.7 ± 4.8
P-value 0.72 0.02

Mean arterial pressure
Mean±SD 8.9 ± 1.2 8.7 ± 1.1 9.4 ± 1.2 9.6 ± 1.3
P-value 0.05 0.31

FBS
Mean±SD 95.8 ± 11.5 95.9 ± 11.1 151.8 ± 53.1 152.9 ± 56.8
P-value 0.949 0.824

HbA1c
Mean±SD 5.1 ± 0.8 5.6 ± 4.4 7.4 ± 1.8 7.7 ± 2.1
P-value 0.003 0.15

Sleep duration (hours)
Mean±SD 7.6 ± 1.6 7.4 ± 1.8 7.5 ± 1.9 7.7 ± 2.6
P-value 0.25 0.36

Diabetes duration (months)
Mean±SD - 136.4 ± 87.6 152.1 ± 102.7
P-value - 0.09

BMI: Body mass index, ESS: Epworth sleepiness scale, SD: Standard deviation, FBS:Fasting blood sugar,  
HbA1c: HemoglobinA1C

including snoring; with altered glucose metabolism 
and diabetes are likely to be multifactorial.[8]

Some previous studies have shown that sleep 
loss adversely affects glucose metabolism and 
increases the risk of  type 2 diabetes.[9,10]

As we know there are no previous studies 
concerning the prevalence of  sleep apnea in 
nondiabetic relatives, and there is no suggestion of  
these subjects.

The finding of  our study raises the question 
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of  whether first degree relatives of  diabetics 
share the same factors as diabetics in sleep apnea 
syndrome.

Few published previous studies reported 
improved insulin sensitivity with continuous 
positive airway pressure among patients with 
diabetes mellitus type 2 and among nondiabetic 
sleep apnea patients.[11,12]

Some studies have suggested sleep fragmentation 
and intermittent hypoxia increase sympathetic 
activity, which may lead to disorders of  glucose 
metabolism.[13] Alternatively other studies have 
reported that insulin resistance and chronic 
hypoxemia may lead to development of  sleep 
apnea syndrome.[14]

So we have several possible explanations 
for these findings: Might reflect pre‑existing 
undiagnosed basic mechanism underlying sleep 
apnea.

In conclusion, our results support that sleep 

apnea symptoms are not significant different 
between diabetics and their relatives. We need more 
study on sleep apnea in family of  diabetic patient 
which must be confirmed by polysomnography.

Further research is needed to determine the 
sleep apnea in diabetic relatives for the prevention 
of  diabetes in clinical and public health settings.
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