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Sleep Disturbances and Glucoregulation in Patients with Type 2 
Diabetes

We investigated the frequency of sleep disturbances and the association between sleep 
disturbances and glucoregulation in type 2 diabetic patients. The frequency of sleep 
disturbances in 614 type 2 diabetic patients was investigated using validated sleep 
questionnaires. There were 381 male and 233 female patients. The mean age was  
59.7 ± 11.1 yr; the mean body mass index was 24.9 ± 4.4 kg/m2; the mean HbA1c was 
7.8% ± 1.5%; and the mean duration of diabetes was 10.3 ± 8.4 yr. The questionnaires 
revealed insomnia in 48.2% of the patients while 8.5% reported excessive daytime 
sleepiness. A total of 49% of the patients was poor sleepers, while 28.5% had depression. 
Multivariate logistic regression analysis showed that there was no significant association 
between HbA1c and other sleep disturbances, such as poor sleep, insomnia, and short 
duration of sleep. Sleep disturbances were very common in patients with type 2 diabetes 
mellitus, whereas there was no association between poor or short sleep and 
glucoregulation. Awareness and identifying sleep complaints in such patients are necessary 
to improve their quality of daily life. 
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INTRODUCTION

Sleep disturbances and chronic sleep shortage have become 
very common in modern society. The quality and quantity of 
sleep patterns are influenced by cultural, social, psychological, 
environmental, and genetic factors. In recent years, evidence 
from epidemiological and laboratory studies have shown that 
short or disturbed sleep is associated with glucose intolerance, 
insulin resistance, reduced acute insulin response to glucose (1, 
2), and an increased risk of developing type 2 diabetes (3-6). 
Moreover, short or disturbed sleep is associated with cardiovas-
cular disease (7), decreased quality of life, and economic bur-
den (8). Because sleep modulates glucose metabolism and ho-
meostasis, and influences quality of life, identifying sleep prob-
lems may be an important factor in treating type 2 diabetes. How-
ever, most studies of sleep and type 2 diabetes have focused main-
ly on obstructive sleep apnea and restless leg syndromes. There 
are limited studies on various sleep disturbances among those 
with type 2 diabetes using validated questionnaires.
 We investigated the frequency of undiagnosed sleep distur-
bances not addressed previously and evaluated the association 
between sleep disturbances and glucoregulation in a popula-
tion of type 2 diabetic patients using validated sleep question-
naires.

MATERIALS AND METHODS

Patients 
Study subjects were recruited from the outpatient diabetes clin-
ics of two university hospitals in Chuncheon city using recog-
nized questionnaires for assessing common sleep disturbances 
from January 2011 to April 2011. Participation in the study was 
offered to 614 consecutive type 2 diabetic patients > 18 yr old. 
Patients were excluded if any one of the following conditions 
was present: plasma creatinine levels > 1.4 mg/dL; congestive 
heart failure; or a major concurrent illness such as cancer, end-
stage pulmonary disease, liver disease, severe painful peripher-
al neuropathy, or alcohol dependency. Anthropometric mea-
surement, plasma fasting and 2 hr-postprandial glucose, and 
serum HbA1c level from each patient were obtained as well as 
the patients’ clinical information relevant to diabetes and sleep 
using questionnaires.

Assessment of individual sleep disturbances using 
questionnaires 
Questionnaires for snoring, witnessed apnea, and insomnia as 
well as the Sleep Disorders Questionnaire Sleep Apnea subscale 
(SDQ-SA), the Pittsburgh Sleep Quality Index (PSQI), the Kore-
an version of the Epworth Sleepiness Scale (K-ESS), and the Ko-
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rean version of the Beck Depression Inventory (K-BDI) were 
applied to all patients. The questionnaires were self-adminis-
tered and research nurse completed the unanswered questions 
by asking the patients. 
 Insomnia was defined as a positive response to at least one of 
following four questions. They are difficulty in falling asleep, 
maintaining sleep, early morning waking, and non-restorative 
sleep occurring at least three times per week over the preceding 
month (9). 
 The SDQ-SA uses 12 items to assess sleep apnea, using a cut-
off score of ≥ 36 for males and ≥ 32 for females. The PSQI is a 
reliable and powerful screening measure to evaluate sleep qual-
ity and disturbances over the preceding month. Questionnaire 
responses contained seven components, each scored from 0 to 
3, and the component scores were summed to provide the PSQI 
global score (range, 0 to 21), with higher scores indicating worse 
sleep quality. PSQI global scores ≥ 5 indicate poor sleepers.
 The K-ESS is composed of eight questions on the subject’s 
likelihood of dozing off or falling asleep in various situations 
that commonly occur in Korean daily life, being scored from 0 
to 24. The K-ESS is a validated and widely used subjective mea-
sure of excessive daytime sleepiness. High scores indicate a great-
er likelihood of daytime sleepiness. A K-ESS score of ≥ 9 was 
used as a minimal criterion for diagnosis of subjective excessive 
daytime sleepiness. 
 The K-BDI is a 21-item, self-rating scale for assessing the ex-
perience of symptoms of depression over the preceding week. 
Each item-response scale ranges from 0 to 3, with higher scores 
indicating more severe symptoms of depression. The sum score 
(Beck Score) ranges from 0 to 63 points. The K-BDI is a reliable 
and well-validated measure for screening for symptoms of de-
pression in adults. A Beck score of ≥ 16 points indicates clini-
cally relevant depression. 

Statistical analyses
The results are reported as mean ± standard deviation or per-
centage. Statistical analysis was performed using SPSS software 
(version 19.0; SPSS Inc., Chicago, IL, USA). Values of P < 0.05 
were considered significant. Multivariate logistic regression anal-
ysis with the stepwise forward method was used to evaluate in-
dependent variables. Poor sleep was set as the dependent vari-
able. 

Ethics statement
Written informed consent were obtained from each individual. 
The institutional review board of Kangwon National University 
Hospital (IRB No. 10-039-05) and Hallym University Chuncheon 
Hospital (2010-40) approved the protocol of this study. 

RESULTS

The baseline clinical characteristics of the patients are present-
ed in Table 1. There were 381 male (62.1%) and 233 (37.9%) fe-
male patients. The patients had a mean age of 59.7 ± 11.1 yr 
and a mean body mass index (BMI) of 24.9 ± 3.4 kg/m2. The 
mean HbA1c level was 7.8% ± 1.5% and the mean duration of 
diabetes was 10.3 ± 8.4 yr, with 51.8% concurrently having hy-
pertension. Fifty-four (8.8%) subjects were taking sleep medi-
cation. 

Frequency of sleep disturbances
Table 2 showed the frequency of sleep complaints. The mean 
duration of sleep was 6.3 ± 1.6 hr per day. Snoring occurred in 
64% of the patients and 15.5% snored 6-7 days per week. Wit-

Table 1. Clinical characteristics of the study subjects

Characteristics No. (%) or means ± SD

Number of patients 614
Age (yr) 59.7 ± 11.1 
Sex (male/female) 381/233 (62.1/37.9%)
BMI (kg/m2) 24.9 ± 4.4
Current smokers 142 (23.1%)
Drinkers 140 (22.8%)
Caffeine-containing beverage intake (cup/day) 1.7 ± 1.6
Sleep medication 54 (8.8%)
Duration of diabetes (yr) 10.3 ± 8.4
Fasting blood glucose (mg/dL) 143.2 ± 52.3
Postprandial blood glucose (mg/dL) 195.1 ± 66.5
HbA1c (%) 7.8 ± 1.5
Hypertension 318 (51.8%)
Dyslipidemia 158 (25.7%)
Ischemic heart disease 102 (16.6%)
Stroke 41 (6.7%)

Table 2. Frequency of sleep complaints

Complaints No. (%) or means ± SD

Duration of sleep (hr/day) 6.3 ± 1.58
Snoring 393 (64.0%)
Snoring frequency 

< 1 day/per week
1-3 days/week 
4-5 days/week 
6-7 days/week 

100 (16.3%)
140 (22.8%)
58 (9.4%)
95 (15.5%)

Witnessed apnea 111 (18.1%)
Witnessed apnea frequency

< 1 day/week
1-3 days/week
4-5 days/week
6-7 days/week

55 (9.0%)
31 (5.0%)
14 (2.3%)
11 (1.8%)

Poor sleeper (PSQI ≥ 5) 301 (49.0%)
Insomnia

Difficulty falling asleep
Difficulty maintaining sleep
Early-morning waking 
Non-restorative sleep

296 (48.2%)
115 (18.7%)
253 (41.2%)
109 (17.8%)
117 (19.1%)

Sleep apnea subscale (SDQ-SA) 47 (7.7%)
Excessive daytime sleepiness (K-ESS) 52 (8.5%)
Depression (K-BDI) 175 (28.5%)
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nessed apnea was observed in 18.1% of the study population. 
Insomnia occurred in 48.2% of the patients, being more preva-
lent in women than in men (57.1% vs 42.8%, P = 0.001). Diffi-
culty in falling asleep and sleep maintenance was reported by 
18.7% and 41.2% of insomniac patients, respectively, both be-
ing more common in women than in men (24.3% vs 15.6%, P <  
0.001 and 50.4% vs 36.2%, P = 0.014, respectively). 
 The SDQ-SA score was 26.3 ± 6.2 for men and 22.4 ± 5.7 for 
women, with sleep apnea reported for 7.7% of the subjects. The 
mean K-ESS score was 4.8 ± 1.6. Excessive daytime sleepiness 
(K-ESS ≥ 9) occurred in 52 patients (8.5%). The mean global 
PSQI was 5.4 ± 3.5 and 301 patients (49.0%) had a global PSQI 
score ≥ 5, indicating a poor sleeper. The mean K-BDI score was 
12.6 ± 9.2 and depression (K-BDI ≥ 16) was observed in 175 
(28.5%) of the patients. 

Poor sleep and duration of diabetes in type 2 diabetes
Being a poor sleeper (PSQI score ≥ 5) was associated with the 
female sex, longer duration of diabetes, shorter duration of sleep, 
the presence of self-reported snoring, insomnia, restless leg syn-
drome, excessive daytime sleepiness, and depression. There 
was a significant correlation between the global PSQI score and 
the duration of diabetes (r = 0.131, P = 0.002). A duration of di-
abetes ≥ 10 yr was associated with a higher global PSQI score 
compared to a duration of < 10 yr (5.82 vs 4.98, P = 0.004, Fig. 
1). The highest quartile of duration of diabetes was associated 
with a greater frequency of insomnia, poor sleepers (PSQI score), 
and depression (Beck score) compared to the lowest quartile of 
duration of diabetes. 
 Multivariate logistic regression analysis, including age, sex, 
sleep apnea score (SDQ-SA), K-BDI score, and the duration of 
diabetes showed that the female sex (OR, 1.62; 95% CI, 1.09-2.39, 
P = 0.016), the sleep apnea score (SDQ-SA) (OR, 1.05; 95% CI, 
1.02-1.09, P = 0.003), and the K-BDI score (OR, 1.06; 95% CI, 1.04-
1.09, P < 0.001) were independent risk factors for poor sleep in 
these patients (Table 3). 

Association of sleep disturbances and glucoregulation 
There were direct correlations between postprandial glucose 
and the duration of diabetes (r = 0.096, P = 0.046) and the sleep 
apnea score (SDQ-SA) (r = 0.100, P = 0.032). However, there 
was no correlation between HbA1c and sleep duration. There 
was no significant association between HbA1c values and other 
sleep disturbances, including poor sleep, insomnia, and the 
duration of sleep in a multivariate regression models. 

DISCUSSION 

We found that sleep disturbances were very common in type 2 
diabetic patients. To the best of our knowledge, this study is the 
largest sample-sized survey to investigate various sleep com-
plaints of type 2 diabetic patients using validated sleep ques-
tionnaires. There are few reports on sleep problems among type 
2 diabetics other than sleep apnea and restless leg syndromes. 
In the present study, approximately half of the patients had in-
somnia or poor sleep, suggesting an overall poor quality of life 
in type 2 diabetes patients. 
 Sleep disturbances may have a harmful effect on glucose re-
gulation. In previous studies, sleep deprivation impaired glu-
cose metabolism and insulin sensitivities in healthy subjects (1, 
10, 11) suggesting a potential association between sleep distur-
bances and impaired glucose metabolism, as assessed by HbA1c. 
Decreased slow-wave sleep, which normally occurs in poor 
sleepers or the elderly, may be correlated with a decrease in in-
sulin sensitivity and glucose metabolism (12). Type 2 diabetic 
patients have a significantly decreased amount of slow-wave 
sleep compared to non-diabetic subjects, suggesting that sleep 
may affect glucoregulation in type 2 diabetic patients (13). In a 
previous study on 4,870 type 2 diabetics, Sleep duration was 
shown to have U-shaped associations with the HbA1c levels in 
type 2 diabetic patients, independent of potential confounders 
(14). However, on the contrary to the previous reports, our study 
failed to show the association. There is no association between 
HbA1c levels and sleep disturbances or between HbA1c and 
sleep duration. The reason of no association was not clarified 
and a community-based study with large population is needed. 
 In a previous report on 58 type 2 diabetic patients, the rate of 
insomnia was 50% (15). In that study, the mean age was 57.2 yr 

Table 3. Multiple logistic regression analysis with the stepwise forward method using 
age, sex, sleep apnea score (SDQ-SA), K-BDI score, and the duration of diabetes as 
independent variables, and the development of poor sleep as the dependent variable

Independent
variables

Partial regression 
coefficient

Standard 
error

Odds  
ratio (β)

95 % CI P value

Sex 0.480 0.200 1.616 1.093-2.391 0.016
S leep apnea sub-
scale (SDQ-SA)

0.047 0.016 1.048 1.016-1.080 0.003

K-BDI score 0.060 0.011 1.062 1.039-1.085 < 0.001

Fig. 1. Global PSQI score according to the duration of diabetes.
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and sleep maintenance complaints were reported by 40% of 
patients. Our insomnia study reinforces previous results that 
insomnia is very common and that difficulty in sleep mainte-
nance is a major complaint of type 2 diabetic patients with in-
somnia. In the general Korean population, nearly one in five 
(17%) report having insomnia at least three times per week (16). 
Insomnia is very common in type 2 diabetic subjects compared 
to the general Korean population. However, in our study popu-
lation, the use of sleep medication for insomnia (8.8%) was rel-
atively low considering the high rate of insomnia. Therefore, we 
suggest that the awareness and identification of insomnia in 
type 2 diabetes is insufficient in Korea. 
 In the present study, 49% of type 2 diabetic patients were poor 
sleepers according to the PSQI score. In a small cross-sectional 
study of 50 type 2 diabetics, 48% were poor sleepers based on 
the PSQI score (17). A study of 784 Korean type 2 diabetic pa-
tients reported that 38.4% had poor sleep quality using a PSQI 
score > 5 (18). Another study showed that 69% of Indian pa-
tients had a global PSQI score ≥ 5, indicating that they were 
“poor sleepers”(19).
 In our study, female sex, the sleep apnea score (SDQ-SA), 
and depression were independent predictors of poor sleepers. 
In a correlation analysis, longer duration of diabetes was asso-
ciated with poor sleep quality, whereas in a multivariate logistic 
regression analysis we did not find an association between the 
duration of diabetes and poor sleepers. 
 In the general population, obstructive sleep apnea is 3%-7% 
for men and 0.8%-5% for women (20-22). In the present study, 
snoring occurred in 64% and witnessed apnea was present in 
18.1% of the study population. Sleep apnea symptoms were re-
ported in 7.7% of the subjects. Obstructive sleep apnea is very 
common in type 2 diabetic patients, independent of the BMI 
(23, 24). The prevalence of obstructive sleep apnea in patients 
with type 2 diabetes was from 58% to 86% and severity of ob-
structive sleep apnea is associated with glucose control (23). 
We used the SDQ-SA to assess sleep apnea and found that the 
rate was relatively low compared to previous studies (23, 24). 
However, habitual snoring (frequency ≥ 4 days per week) was 
reported at 24.9%, suggesting a high probability of undetected 
sleep apnea. A recent study showed that many type 2 diabetic 
patients with obstructive sleep apnea had no clinical symptoms 
of this condition, suggesting possible under-diagnosis (24). 
 We also found that excessive daytime sleepiness occurred in 
8.5% of the patients. There are limited data regarding daytime 
sleepiness in type 2 diabetes in the literature. In one study, the 
frequency of daytime sleepiness in type 2 diabetes was 20.5% 
using the Epworth Sleepiness Scale (ESS) questionnaire, with 
no significant difference from the normal glucose tolerance 
group (24). However, the study population was limited to 84 
type 2 diabetic patients aged 61-63 yr old, who were all born in 
1935. Because sleep disturbances increase with age, a wide age 

distribution and more subjects in our study may explain the 
different results (8.5% vs 20.5%).
 Our study has some limitations. First, we have no accurate 
measures of sleep apnea (lack of polysomnography) and sleep 
duration (lack of actinography). Second, it is not a community-
based study, with a relatively small sample size. We recruited 
type 2 diabetic patients attending the diabetic clinics in two uni-
versity hospitals. A large community-based study is needed to 
better characterize the sleep disturbances of type 2 diabetic pa-
tients. Third, this study lacked any comparison with the general 
population. Fourth, we did not check for medication use, such as 
ACE inhibitors, statins, and beta-blockers that may affect sleep 
characteristics. Fifth, there was no assessment of hypoglyce-
mia/diabetic polyneuropathy, which may affect sleep quality or 
duration of sleep. 
 We found that sleep disturbances were very common in pa-
tients with type 2 diabetes mellitus. Diabetologists have tradi-
tionally paid little attention to sleep problems in such patients, 
which may significantly affect the quality of life. Identifying and 
treating the sleep complaints of type 2 diabetic patients is nec-
essary to improve their quality of daily life. Further study of the 
relationship between diabetes and sleep disturbances is required.
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