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Obstructive sleep apnea (OSA) is highly prevalent among patients with diabetes, intensifying the com-
plications of the disease. Various studies in Iran have reported different prevalence rates. This systematic
review and meta-analysis was performed to determine OSA prevalence in patients with type 2 diabetes
in Iran. In this study, we evaluated five articles published in Persian and English. The articles were
searched using the keywords of obstructive sleep apnea, sleep disordered breathing, sleep apnea, OSA,
diabetes mellitus and Iran and all possible combinations of these terms in national databases of Scientific
Information Database (SID) and Magiran and international databases of Google Scholar, Web of Science,
PubMed and Scopus with no time limit. Data were analyzed using the meta-analysis and random effects
model. In addition, the heterogeneity between studies was assessed using I2 statistic, and data analysis
was performed in Stata version 11. In this study, five articles with a total sample size of 2360 were
evaluated. According to the results, the prevalence of OSA in diabetic patients was reported to be 54.50%
(95% Confidence Interval [CI]: 39.90e69.09). In addition, the results were indicative of a lower prevalence
of OSA in men (63.26%; 95% CI: 43.26e83.26), compared to women (66.22%; 95% CI: 57.60e74.84). Ac-
cording to the results of the study, there was a high OSA prevalence in patients with type 2 diabetes.
Therefore, it is crucial to recognize diabetic patients at risk of OSA to decrease the adverse effects of this
condition.

© 2019 Published by Elsevier Ltd on behalf of Diabetes India.
1. Introduction

The latest estimates show a global prevalence of 382 million
(8.3%) people with diabetes (known as a global epidemic) in 2013,
expected to rise to 592million (10.1%) by 2035 [1]. The sixth leading
cause of death in the United States, diabetes is associated with a
high incidence rate of cardiovascular, cerebrovascular and renal
diseases. In addition, the risk for death among people with diabetes
is about twice the healthy individuals [2,3]. In Iran, the total
prevalence of diabetes is 7.7%, and 16.8% of the Iranian people have
impaired fasting glucose [4]. Poor diabetes control can lead to
þ98 8736237511.
. Fallahi), Dashty@Ifu.edu.
(E.B. Karimi), Vajihehbaghi@
. Gheshlagh).

lf of Diabetes India.
complications such as cardiovascular diseases, stroke, blindness,
renal failure, lower limb loss by amputation, and evenmortality [5].

Obstructive sleep apnea (OSA) is one of the common problems
in diabetic patients that can complicate the condition of these in-
dividuals and is associated with poor blood glucose control [6e8],
which leads to macro and microvascular complications in patients
[9]. In general, OSA is defined as the cessation of airflow for ten or
more seconds occurring during sleep due to upper airway collapse
and correlating with conditions such as frequent arousals, sleep
fragmentation, and intermittent hypoxemia [10,11]. Therefore,
diabetic patients constantly complain about fatigue, excessive
daytime sleepiness, and morning headaches [12]. This impairment
results in the activation of the sympathoadrenal system, oxidative
stress, systemic inflammation, and change in adipokines, which
increase the risk of cardiovascular diseases, hypertension, and
metabolic syndrome [13]. While OSA remains undiagnosed in most
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patients, one in five adults and half of the overweight people have
this condition [14].

According to the literature, there is a correlation between OSA
and hypertension, atherosclerosis [15] and depression [16].
Recognized as prevalent diseases, OSA and diabetes have similar
risk factors, including high age and obesity [3]. Therefore, it is no
surprise to see both disorders in a patient. A 10% increase in weight
accelerates the risk of OSA by six times [17]. Various studies per-
formed in Iran to evaluate the OSA prevalence in patients with type
2 diabetes have yielded conflicting results. Given the fact that un-
derstanding the current status of this condition is one of the pre-
liminary steps taken toward its elimination, this study aimed to
estimate the overall prevalence of OSA in Iranian patients with
diabetes.

2. Methodology

2.1. Search strategy

In this systematic review and meta-analysis, we evaluated the
prevalence of OSA in patients with type 2 diabetes according to the
protocol of preferred reporting items for systematic review and
meta-analysis (PRISMA) [18]. The documents collected were the
result of a search on the Internet andmanual search in the library of
Kurdistan University of Medical Sciences. To find relevant articles,
we searched the national databases of scientific information data-
base (SID) and MagIran and the international databases of Web of
Science, Scopus, and PubMed without time limitation. The key-
words included obstructive sleep apnea, sleep disordered breath-
ing, sleep apnea, OSA, diabetes mellitus, and Iran. In addition,
backward (evaluation of the list of selected articles references) and
forward (evaluation of studies pointed out in the selected articles)
citation searching methods were carried out to have access to a
greater number of articles.

2.2. Study selection and data extraction

First, all articles related to the prevalence of frequency of OSA in
patients with type 2 diabetes were collected by two individuals
separately. Inclusion criteria were observational studies, Persian or
English language, and access to the full text of articles. Moreover,
unrelated articles, gray literature, interventional studies, review
studies, and repetitive studies were excluded from the research. To
avoid bias, two researchers separately searched and selected arti-
cles, evaluated the quality of methodology of articles, and extracted
the data. In case of disagreement on a research, the opinion of the
corresponding author, who had experience in this field, was
employed. The desired information of the selected articles,
including the name of the corresponding author, year of publica-
tion, research setting, total sample size, the mean age of the par-
ticipants, duration of the disease, and prevalence of OSA, were
recorded on the data extraction sheets. The methodological quality
of articles were assessed based on 10 items selected from STROBE
Checklist (title and abstract, aims and hypotheses, research setting,
inclusion criteria, sample size, analytical methods, descriptive sta-
tistics, interpretation of results, research limitations, and funding)
[19].

2.3. Data analysis

In this systematic review and meta-analysis, point estimation
and 95% confidence interval (CI) of the OSA prevalence were
calculated according to the binomial distribution. In addition, het-
erogeneity between studies was assessed by Cochran's Q test with a
level of significance below 0.1 and I2 statistic. According to the
recommendation by Higgins and Thompson, the I2 statistic was
divided into three classes of below 25% (low heterogeneity),
25e75% (moderate heterogeneity) and above 75% (considerable
heterogeneity) [20]. Given the heterogeneity among the selected
articles, the pooled prevalence was estimated using the random
effects model. In addition, we applied the univariate meta-
regression test to assess the association between OSA and the
variables of the publication year, the mean age of the samples, and
the sample size of the studies. Pooled prevalence was also calcu-
lated based on the type of screening tool using the subgroup
analysis. Sensitivity analysis was used to examine the role of each
study in the pooled prevalence. To determine whether all studies
performed on OSA in patients with type 2 diabetes have been
published and entered into the research, we used a funnel plot
based on Egger's weighted regression analysis [21]. Data analysis
was performed in Stata version 11.

3. Results

In this research, all studies performed on OSA were evaluated
systematically with no time limitation. In the primary search of the
national and international databases, we found 128 articles. How-
ever, 123 irrelevant studies were excluded during the identification
and screening phase, thereby leading to the entrance of six articles
into the research. (Fig. 1).

The total sample sizewas 2360 (amean of 472 individual in each
research), and the lowest and highest sample sizes were related to
studies by Ghofraniha (n¼ 80) and Emra (n¼ 1234), respectively. In
addition, all selected articles had amediummethodological quality.
(Table 1).

Results were indicative of the lack of significance of publication
bias (P¼ 0.948) (Fig. 2). According to the results of sensitivity
analysis, the removal of each study did not lead to a significant
change in the pooled prevalence of OSA.

In Iranian patients with type 2 diabetes, the pooled prevalence
of OSA was reported at 54.50% (95% CI: 39.90e69.09) (Fig. 3). Re-
sults of subgroup analysis of OSA prevalence based on the type of
OSA screening tools showed that the OSA prevalence reported by
the Berlin questionnaire (56.98%; 95% CI: 38.82e75.15) was higher,
compared to Stop-Bang tool (50.28%; 95% CI: 3.54e97.03). More-
over, the OSA prevalence was lower in male patients (63.26%; 95%
CI: 43.26e83.26), compared to female individuals (66.22%; 95% CI:
57.60e74.84) (see Fig. 4).

According to the meta-regression results, there was no rela-
tionship between OSA and variables of body mass index (BMI)
(p¼ 0.372), articles' publication year (p¼ 0.306), the mean age of
the subjects (p¼ 0.684), and mean duration of diabetes (p¼ 0.729).

4. Discussion

The present systematic review and meta-analysis was per-
formed to estimate the pooled prevalence of OSA in patients with
type 2 diabetes in Iran. According to the results, more than half of
the Iranian diabetic patients (54.50%) suffered from OSA, which is
consistent with the results obtained by Einhorn et al. (2007), in
which the prevalence of OSA in patients with diabetes was reported
to be 48% [27]. In a study by Shim et al. (2011), 50.8% of the patients
with diabetes were at high risk of OSA, according to the Berlin
Questionnaire [28]. In another study in Jordan, 48.5% of the patients
with diabetes were at high risk of OSA [29]. In China, research re-
ported the diagnosis of OSA in 60% of hospitalized diabetic patients
[11].

All studies showed a high prevalence of OSA in patients with
diabetes. Studies also demonstrated that the association between
OSA and diabetes is bidirectional, meaning that the neuropathy of



Fig. 1. Flowchart of the process of screening and selection of selected articles.

Table 1
Specifications of selected articles.

Prevalence (%) Scale City Duration (year) BMI Sample size Age Year First Author

Women Men Total M/F Total

73.4 44.6 50.5 Berlin Isfahan 7.5 28.9 372/862 1234 53.4 2012 Amra [22]
64.6 85.8 74 STOP-BANG Tehran 7 28.8 77/96 173 51.6 2015 Sadeghniiat Haghighi [23]
44.4 52.6 46 Berlin Saghez e 30.8 19/81 100 55.5 2015 Hemmati Maslakpak [24]

e e 56.4 STOP-BANG Mashhad 8.3 26 35/45 80 57 2017 Ghofraniha [25]

75.9 68.3 73.6 Berlin Sabzevar 8.6 29.4 230/543 773 58.4 2018 Shourideh-Yazdi [26]

BMI: Body mass index.
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diabetes can affect the central control respiration, and upper airway
neural reflexes result in OSA [30]. Moreover, nighttime hypoxia
caused by OSA is correlated with glucose intolerance and insulin
resistance [31,32]. In a study, Foster reported that 86.6% of patients
with diabetes suffered from OSA [33]. The results were also indic-
ative of a higher OSA prevalence in women, compared to men.
Generally, OSA has been seen as a male disease due to higher
involvement of men, compared to women [34]. Hormonal factors,
differences in fat distribution in the body, and pharyngeal anatomy
and function are the cause of the difference in the prevalence of
OSA in men and women.

Due to hormonal effects, women are less affected by OSA before
menopause. Nevertheless, there is an equal rate of OSA in men and
women after menopause [35]. Regarding the prevalence of diabetes
in this group of patients, the selected articles reported different
results varying in the range of 46e74% [23,24]. This difference in
the results might be related to the features of the evaluated pop-
ulation (e.g., gender, level of obesity, and race) and OSA determi-
nation methods. In a cross-sectional study, Amin et al. (2017)
evaluated OSA in South Asians and white Europeans with diabetes,
reporting OSA prevalence rate of 51.4% and 75.2% in the mentioned
individuals, respectively [36]. The meta-regression results
demonstrated that the OSA prevalence had an ascending trendwith
increased mean age, duration of disease, and BMI of the subjects
(which was not significant).

High age and obesity are the mutual causes of OSA and diabetes,
in a way that increase of age and gaining weight increase the risk of
diabetes and OSA [3]. Results obtained by Saad et al. (2019) were
indicative of the significant association between age and risk of OSA
in patients with diabetes [29]. Change in the pharynx structure,
lengthening of the soft palate, and increased deposition of fat in the
parapharyngeal area is among the causes of the high prevalence of
OSA in the elderly [37,38].

Researchers believe that aging increases the risk of underlying
diseases for patients with diabetes. In addition, the possibility of
the emergence of diabetes complications increases by aging, which
can have adverse effects on the sleep condition of patients with
diabetes. During 2012e2018 (the time period of publication of the



Fig. 2. The publication bias in the estimation of OSA in patients with type 2 diabetes.
Size of circles shows the sample size of articles.

Fig. 3. OSA prevalence and its 95% confidence interval in patients with type 2 diabetes bas
random effects model. The point in the middle of each line segment shows the prevalenc
prevalence of medication errors for all studies conducted in Iran.
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selected articles), there was an increase in the prevalence of OSA. It
seems that more familiarization with OSCA and better use of
screening tools by patients at risk of this condition are the major
causes of this increased rate.

One of the major limitations of the study was lack of full report
of necessary information by some studies. On the other hand, a
strength point of the current research was its exquisite nature since
the evaluation of OSA in patients was carried out for the first time
and the relevant results can be beneficial for healthcare authorities
of the country.
5. Conclusion

According to the results of the present study, there was a high
OSA prevalence in patients with type 2 diabetes. In addition, the
prevalence of OSA was higher in women, compared to men. Given
the fact that OSA could worsen the complications of diabetes and
complicate the disease control protocol, it is crucial to recognize
diabetic patients at risk of OSA and propose strategies to control
and reduce the condition.
ed on the name of the corresponding author and year of publication according to the
e of medication errors in each study, whereas the rhombus shape demonstrates the



Fig. 4. Meta-regression results. Relationship between OSA in patients with type 2 diabetes and BMI (A), year of article publication (B), the mean age of subjects (C), and mean
duration of diabetes (D).
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