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Abstract This study was to compare the sleep quality in
people with type 2 diabetes with healthy controls and to
investigate the association of diabetes and sleep quality in
people with type 2 diabetes without chronic complications.
We also explored the effect of pain, nocturia, and obstruc-
tive sleep apnea (OSA) on sleep quality. Four hundred
and five people were recruited in this case-control study.
Sleep quality was assessed in 202 people with type 2
diabetes and was compared with 203 healthy individuals.
All diabetic people were free from chronic complications.
The Persian version of Pittsburgh Sleep Quality Index
(PSQI) was used for the assessment of sleep quality. Poor
sleep quality was defined as PSQI score >5. Poor sleep
quality was more prevalent in people with type 2 diabetes.
The odds ratio for poor sleep quality was 2.63 in people
with long-standing diabetes (diabetes duration >10 years).
Although the PSQI score was slightly better in diabetic
people without pain/nocturia (P=0.03), the prevalence of
disturbed sleep showed no significant change after exclud-
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ing these people from analysis. Diabetes was associated
with 1.77-fold increase in risk of OSA, and poor sleep
quality was more frequent in diabetic people at high risk
for OSA (P=0.005) independent of body weight. Long-
standing diabetes was a significant predictor of poor sleep
quality. Furthermore, the effect of diabetes on sleep quality
was independent of its complications and other intervening
risk factors such as pain/nocturia. Diabetes was also asso-
ciated with OSA, stronger than the observed association
between obesity and OSA.

Keywords Sleep - Diabetes mellitus -
Obstructive sleep apnea - Chronic complications

Introduction

Normal average sleep duration has decreased from 8.0-8.9 h
per night in 1960 to about 6.9—7.0 h in 2000-2002 [1, 2]. Poor
sleep quality and insufficient sleep are common issues for
general practitioners, as 4669 % of patients at primary care
level suffer from occasional insomnia [3—6].

Current evidence has shown that poor sleep quality is as-
sociated with increased risk of insulin resistance and obesity
[7-10]. Furthermore, it has been shown that poor sleep quality
and short sleep duration increase the risk of diabetes [11-14].
A close relationship between diabetes and disturbed sleep has
been proposed as the incidence of both disorders has dramat-
ically increased during recent years [15—17]. In addition, short
sleep duration has been observed to be related to the increased
risk of type 2 diabetes [18, 19]. On the other hand, excessive
and long sleep could lead to an increased risk of diabetes or
may possibly be an early symptom of diabetes [12, 20].
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Some epidemiologic studies examined the association be-
tween diabetes and sleep. Difficulty initiating sleep, difficulty
maintaining sleep, and excessive daytime sleepiness are more
common in diabetic patients [18, 21]. Nocturia and neuropath-
ic pain have been proposed as possible causes of decreased
sleep quality in diabetes [22]. Moreover, a close connection
has been found between obstructive sleep apnea (OSA), dia-
betes, and worsening sleep quality [23-25]. Although obesity
is the most relevant risk factor for OSA, it has been demon-
strated that OSA and insulin resistance were present in non-
obese subjects as well [26].

Few studies explored the impact of diabetes duration on
sleep quality. So, the aim of this study was to compare the
sleep quality in people with type 2 diabetes with healthy con-
trols and to investigate the sleep quality in people with type 2
diabetes considering the effect of diabetes duration, nocturia,
pain, and OSA.

Materials and methods
Participants

This was a case-control study conducted from September
2012 to February 2013. The study protocol was approved by
the Ethics Committee of Iran University of Medical Sciences.
Considering 95 % confident coefficient and test power of
80 %, the sample size was calculated on 400 people in both
type 2 diabetic subjects and control groups.

A total of 405 people were enrolled; of those, 202 were
diagnosed to have type 2 diabetes. The remaining 203 were
healthy controls.

People with a diagnosis of type 2 diabetes who were
consecutively attended the outpatient diabetes clinic at
the Institute of Endocrinology and Metabolism were in-
cluded. For each case, one matched control regarding
age, sex, and body mass index (BMI) was chosen from
healthy individuals.

The exclusion criteria were as follows:

*  Newly diagnosed type 2 diabetes with less than 1 year
since diagnosis

» Type 1| diabetes mellitus

» History of any systemic diseases such as anemia, thyroid
disease, liver dysfunction, cardiovascular disease, pulmo-
nary disease, renal impairment, stroke, and peripheral vas-
cular disease

* Psychological diseases and diagnosed sleep disorders
need regular medical treatment

* Restless leg syndrome

»  Shift workers

* Use of psychotropic and anticonvulsant medications

* History of treatment with opioids and routine use of
benzodiazepines

+ Known diabetic complications on medical intervention,
such as established peripheral neuropathy, diabetic ne-
phropathy, and diabetic retinopathy

* Alcoholism and habitual smoking

*  Pregnancy and lactation

Table 1  Comparison of PSQI component scores between people with diabetes and healthy subjects

Duration of diabetes Healthy subjects P values

<10 years >10 years® p1® p2° p3¢

N=149 N=53 N=203
Subjective sleep quality 2(2,3) 2(2,3) 2(2,3) 0.04 0.02 0.75
Sleep latency 1(0,1.25) 1(0,2) 1(0,1) 0.17 0.14 0.45
Sleep duration 1(0,1) 0(0,2) 0(0,0) 0.13 0.82 0.007
Habitual sleep efficiency 0(0,0) 0(0,1) 0(0,2) 0.05 0.013 0.89
Sleep disturbances 1(1,1) 0(0, 1) 11,1 0.26 0.2 0.77
Use of sleeping medication 0(0,0) 0(0,0) 0(0,0) 0.02 0.09 0.16
Daytime dysfunction 0.5(0, 1) 1(0,1) 0(0,1) 0.01 0.09 0.09
Global PSQI score 64,7) 6(5,8) 5(@4,06) 0.018 0.17 0.04

The components were reported as median (quartile 1, quartile 3)
PSQI Pittsburgh Sleep Quality Index

* Long-standing diabetes

®P1: long-standing diabetes versus healthy subjects

€P2: <10 years versus long-standing diabetes

9P3: <10 years versus healthy subjects
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Table 2  Logistic regression analysis of PSQI components and HbAlc
(categorical) as dependent variable

B P value Oddsratio CI
Age —0.005 0.84 0.995 0.95-1.04
BMI —0.006 0.94 0.994 0.84-1.17
Sleep duration -0.375 0.19 0.687 0.39-1.2
Sleep disturbances 2138 099 1.92E9 0
Daytime dysfunction —0.029 0.92 0.97 0.56-1.67
Subjective sleep quality -0.265 048 0.77 0.36-1.61
Use of sleeping medication —0.111 0.75 0.89 0.45-1.79
Habitual sleep efficiency ~ —1.132 0.12 0.32 0.077-1.34
Sleep latency —0.536 0.024  0.58 0.37-0.93
constant -19.53 0.99 0.00

PSQI Pittsburgh Sleep Quality Index, CI confidence interval, BMI body
mass index

» Patients without a hemoglobin Alc (HbAlc) measure-
ment within 3 months prior to enrollment

Study design

All the patients underwent an interview to record information
on age, sex, and diabetes duration. Height, weight, and BMI
were also measured. Demographic variables and BMI were
recorded for the healthy controls as well.

At the end of the visit, each participant was asked to com-
plete a Persian version of the Pittsburgh Sleep Quality Index
(PSQI). The reliability and validity of the Persian version of
PSQI for assessment of subjective sleep quality were exam-
ined previously [27].

The PSQI is a validated 19-item questionnaire used to mea-
sure the quality and pattern of sleep in the past 1 month. It
produces a global sleep quality score from 0 to 21, derived
from seven components. The components include subjective
sleep quality, sleep latency, sleep duration, habitual sleep effi-
ciency, sleep disturbances, use of sleeping medications, and
daytime dysfunction. People with a global score equal or less
than 5 are defined to have “good sleep quality,” while a global

score more than 5 identifies those with “poor sleep quality”
[28].

We did a subgroup analysis considering those participants
who were at high risk for OSA, as well as those who had
trouble sleeping because of pain and/or nocturia if their sleep
was reported to be disrupted three or more times per week.

OSA was defined when the participants indicated that their
sleep was disrupted because of coughing, snoring, or difficul-
ty breathing [29].

Statistical analysis

Analyses were performed for all participants. In case of miss-
ing data in questionnaire, total score could not be calculated
but the scores of components were calculated. IBM SPSS for
Windows Version 19 (IBM Corp., Armonk, NY, USA) was
applied for the statistical analysis. The data were analyzed
anonymously. Descriptive statistics (means and SDs) were
used to describe clinical and demographic characteristics. Cat-
egorical data and proportions were compared with x? test, and
scores of sleep questionnaire components were reported as
median (quartile 1 and quartile 3). The intergroup differences
involving continuous and the ordinal variables were assessed
with the independent sample ¢ test and Mann-Whitney U test,
respectively.

Binary logistic regression was used to determine associa-
tions between OSA and some other variables. The type 1 error
(alpha) level was set at 0.05 for all analyses.

Results

Among the 405 participants, a total of 262 participants, 128
with type 2 diabetes and 134 healthy subjects, filled out the
PSQI questionnaire completely. The mean age was 55.45+
9.56 years and the mean BMI was 27.89+3.22. In people with
diabetes, the mean HbAlc was 7.1 (54)£1.4 and the mean
duration of diabetes was 7.92+6.42 years.

The people with diabetes and healthy subjects were
matched regarding age, sex, and BMI.

Table 3  Sleep duration, PSQI score, and frequency considering pain/nocturia
Healthy subjects People with diabetes
Without pain or With pain or P value Without pain or With pain or P value
nocturia (n=161) nocturia (n=37) nocturia (n=101) nocturia (n=74)
Sleep duration (h) 7.06+1.06 6.52+1.38 0.42 6.49+1.27 6.49+£1.22 0.95
PSQI score 5.17£1.60 7.29+2.46 0.00 5.67+1.88 6.46+2.23 0.03
Poor sleep 38 82 0.00 57 63 041
quality (%)

PSQI Pittsburgh Sleep Quality Index
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Table 4  Logistic regression analysis of age, BMI, diabetes, and OSA

B P value Odds ratio CI
Age 0.007 0.53 1.007 0.98-1.03
BMI 0.13 0.000 1.14 1.06-1.23
DM 0.57 0.01 1.77 1.34-2.74
Constant -5.12 0.000 0.006

BMI body mass index, OSA obstructive sleep apnea, CI confidence inter-
val, DM diabetes mellitus

Sixty percent of people with diabetes had poor sleep quality
compared to 47 % of healthy subjects (P=0.033). This repre-
sents an odds ratio of 1.7 (confidence interval (CI) 1.04-2.78)
for poor sleep quality in those people with diabetes. When we
considered diabetes duration, the odds ratio for poor sleep
quality increased to 2.63 (CI 1.12-6.16, P=0.02) in people
with long-standing diabetes, i.e., people with diabetes dura-
tion of more than 10 years, compared to the healthy subjects.

Considering the seven components of the PSQI, there was
no statistically significant differences between the groups ex-
cept for the “duration of sleep” component which represented
shorter sleep duration in people with diabetes (P=0.007). This
was due to the fact that people with diabetes reported to get up
14 min earlier on average in the morning, compared to the
healthy subjects. The effect of diabetes on sleep quality was
independent of age.

When we did the Mann-Whitney analysis for people with
long-standing diabetes, we found that the sleep was less effi-
cient (P=0.05), the reported rates of day dysfunction and use
of sleeping medication were higher (P=0.01 and 0.02, respec-
tively), and the overall quality of sleep was worse (P=0.04)
compared to the healthy subjects (Table 1).

As mentioned before, the mean HbAlc level was 7.1
(54.1)x1.4, and 53 % of the people with diabetes had good
glycemic control with an HbAlc below 7 (53). However, the
people with longer duration of diabetes had poorer glycemic
control (r=0.25, P=0.000). There was no association between
HbAIc level and the global PSQI score (r=—0.16 P=0.07).
However, the logistic regression analysis of the seven compo-
nents of the PSQI and the level of HbA 1c revealed that each

point increase in “sleep latency” score leads to a 0.58-fold
increase in risk of poor glycemic control (Table 2).

We also separated those people whose sleep was disrupted
by frequent pain or nocturia more than three times per week.
In the total cohort, there was no change in the duration of sleep
(6.57£1.17 h vs 6.49+1.27 h, P=0.31). However, the global
PSQI score was lower (5.36+1.72 vs 6.72+2.32, P=0.00). In
addition, 57 % of people with diabetes still reported to have
poor sleep quality compared to 38 % of the healthy subjects
(P=0.015). Although the PSQI score improved slightly by
excluding those people with pain and nocturia in diabetic
group, the sleep duration and the frequency of poor sleep
quality showed no significant changes (Table 3).

When we considered OSA, 54 % of people with diabetes
and 39 % of healthy subjects were at high risk for OSA (P=
0.004). In total cohort, BMI was higher in people with OSA
(28.65+3.34 vs 27.36+3.09, P=0.00). Similarly, in diabetic
people at high risk for OSA, BMI was significantly higher
compared to those without OSA (28.70+£3.79 vs 27.47+
3.14, P=0.014). Age, BMI, and diabetes were considered as
independent variables in a logistic regression analysis to eval-
uate their effects on OSA as a dependent variable. The analy-
sis revealed that diabetes was associated with 1.77-fold in-
crease in the risk of OSA independent of body weight (odds
ratio 1.77, CI 1.34-2.7, P=0.01) (Table 4).

Table 5 represents the impact of OSA on sleep quality in
people with diabetes and healthy subjects. Poor sleep quality
was more frequent in people with diabetes at high risk for
OSA (69 vs 37 %, P=0.005).

Discussion

In this study, we found that poor sleep quality was more prev-
alent in people with type 2 diabetes not complicated by chron-
ic complications compared to healthy individuals. The effect
of diabetes on disturbed sleep was independent of age, sex,
and BMLI. In addition, long-standing diabetes had a significant
impact on sleep quality. The odds ratio for poor sleep quality
was 2.63 (CI 1.12-6.16, P=0.02) in people with diabetes

Table 5  Sleep duration, PSQI score, and frequency of poor sleep quality considering OSA
Healthy subjects People with diabetes
Low risk for High risk for P value Low risk for High risk for P value
OSA (n=121) OSA (n=77) OSA (n=80) OSA (n=93)
Sleep duration (h) 6.49+1.30 6.44+1.23 0.72 7.04+1.07 6.59+1.25 0.68
Global PSQI 5.62+1.74 6.40+£2.28 0.03 5.22+1.72 6.25+2.26 0.006
Poor sleep 53 66 0.16 37 69 0.005
quality (%)

PSQI Pittsburgh Sleep Quality Index, OSA obstructive sleep apnea
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duration of more than 10 years. Moreover, these people had
significant problems with regards to sleep efficiency, daily
activity, and overall sleep quality. In people with diabetes,
we also found that pain and/or nocturia was not responsible
for the observed correlation between diabetes and poor sleep
quality. On the other hand, diabetes was associated with 1.77-
fold increase in risk of OSA.

The literature has demonstrated a reciprocal interaction be-
tween sleep and type 2 diabetes [18, 20, 30-34]. The dramatic
and simultaneous increase in the incidence of diabetes and
poor sleep quality suggests a close relationship between the
two [15, 17]. Several studies demonstrated the association of
poor sleep quality, diabetes, and its severity [35-37]. Howev-
er, few studies addressed the impact of diabetes duration on
sleep quality, independent of important interfering factors
such as diabetes chronic complications, pain, nocturia, and
OSA which could bias the observed association.

We also showed that diabetes duration was an important
factor determining sleep quality and sleep efficiency in type 2
diabetes.

It could be claimed that frequent pain and or nocturia could
play a role in the observed association between diabetes and
poor sleep quality [38]. Although the global PSQI score was
slightly better in diabetic people without frequent pain and
nocturia, the proportion of people with poor sleep quality
remained unchanged. This observation supports the hypothe-
sis that diabetes is responsible for disturbed sleep, independent
of its complications and subjective symptoms.

On the other hand, in our study, 54 % of people with dia-
betes were at high risk for OSA, compared to 39 % of the
healthy individuals, while Knutson et al. reported a lower
prevalence of OSA (20 %) using PSQI [37]. This might be
due to the difference in age, BMI, diabetes duration, and gly-
cemic control of the participants in different populations. Obe-
sity is the strongest risk factor for breathing disorders during
sleep, and OSA is reported to be present in 40 % of obese
individuals [39]

In our study, the effect of obesity on OSA was significantly
lower than that of diabetes. The odds ratio for obesity and
OSA was 1.14 (CI 1.06-1.23, P=0.000) while it was 1.77
(CI 1.34-2.74, P=0.01) for diabetes. So, it seems that both
diabetes and obesity could be responsible for breathing disor-
ders during sleep. When we considered OSA in our analysis,
we found that the prevalence of poor sleep quality and the
global PSQI score were higher in diabetic people at high risk
for OSA.

One of the most interesting finding of our study was the
lack of association between poor sleep quality and glycemic
control. In contrast to our finding, Knutson et al. [37] reported
that lower sleep quality is associated with poorer glycemic
control. It should be mentioned that in our study, the mean
HbA 1c was lower (7.1 (54)+1.47 vs 8.3 (67)£2.1), and 53 %
of the people with diabetes had good glycemic control. In

@ Springer

another study [40], sleep efficiency was correlated with
HbAlc level. We found that out of the seven components of
the PSQI, it was the “sleep latency” that correlates well with
the level of HbAlc. Further investigations are needed to de-
termine the level of glycemic control that could exert clinical-
ly important effect on sleep quality in people with type 2
diabetes. In addition, the impact of every single component
of PSQI on overall sleep quality in type 2 diabetes needs to be
determined.

To the best of our knowledge, with regards to the very
rigorous exclusion criteria, this was the first study to assess
sleep quality in a group of people with type 2 diabetes without
any chronic complications or any other intervening risk fac-
tors, and with an acceptable state of glycemic control. We
explored the effect of diabetes duration, pain/nocturia, and
OSA on the observed correlation between diabetes and dis-
turbed sleep. However, we had some limitations. The method
we used for identifying OSA was not objective, because OSA
was defined based on the specific questions in PSQI. More-
over, we did not record the details of treatment or presence of
nocturnal hypoglycemia that might affect the sleep quality. In
addition, the history of diabetes complications was established
only from medical files, and people with established diabetes-
related complications were excluded from the study.
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