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ABSTRACT

Aim: Current guidelines suggest screening patients with type 2 diabetes (T2D) for obstructive sleep apnea (OSA). However, there is no
consensus regarding the optimal method for OSA risk assessment. We aimed to identify those with diabetes who are at high risk for OSA
in a tertiary single center and investigate the concordance among questionnaires utilized in assessing high OSA risk.

Material and Methods: STOP, STOP-BANG, and Berlin questionnaires for the assessment of the risk of OSA and the Epworth Sleepiness

Scale (ESS) for an investigation of daytime sleepiness were utilized. McNemar test evaluated the agreement between questionnaires. A
multivariate logistic regression analysis identified factors influencing high OSA risk.

Results: We included 108 patients, with a median HbA1c of 7.5%, a BMI of 30.7 kg/m?, and waist and neck circumferences measuring
104.3 cm and 38.9 cm, respectively. On ESS, 10.2% of patients had excessive daytime sleepiness. According to Berlin (38.9%), the number
of patients at high risk of OSA was found to be lower than that of in STOP (53.7%) and STOP-BANG (68.5%) questionnaires. For
patients with a BMI<30 kg/m?, insufficient consistency was observed between Berlin with STOP and STOP-BANG, whereas there was a
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concordance between STOP and STOP-BANG (p<0.05, p=0.453). In those with BMI>30 kg/m?, while Berlin and STOP were consistent,
no concordance was detected between Berlin and STOP-BANG, as well as between STOP and STOP-BANG (p=0.824, p<0.05). The
insulin therapy was the associated factor with a high OSA risk in multivariate logistic regression analysis (p=0.041).

Conclusion: The questionnaires used to predict the risk of OSA in T2D exhibit insufficient compatibility. Insulin therapy contributes to
the increased risk of OSA in individuals diagnosed with T2D.

Keywords: Berlin questionnaire, Epworth Sleepiness Scale, STOP-BANG, Obesity, Type 2 diabetes
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Amag: Mevcut kilavuzlar, tip 2 diyabet (T2D) hastalarinin obstriiktif uyku apnesi (OSA) agisindan taranmasini 6nermektedir. Ancak,
OSA risk degerlendirmesi igin en uygun yéntem konusunda bir fikir birligi yoktur. Uciincii basamak bir merkezde, OSA riski yitksek olan
diyabet hastalarini belirlemeyi ve yiiksek OSA riski degerlendirmesinde kullanilan anketler arasindaki uyumu arastirmay: amagladik.

Gereg ve Yontemler: OSA riski degerlendirmesi icin STOP, STOP-BANG ve Berlin anketleri ve giindiiz uykululugunu arastirmak i¢in
Epworth Uykululuk Olgegi (ESS) kullanildi. McNemar testi ile anketler arasindaki uyum, gok degiskenli lojistik regresyon analizi ile
yiksek OSA riskini etkileyen faktorler belirlendi.

Bulgular: Calismaya dahil edilen 108 hastanin ortanca HbAlc degeri %7,5, viicut kiitle indeksi (VKI) degeri 30,7 kg/m? ve bel ve boyun
cevreleri sirastyla 104,3 cm ve 38,9 cm olarak bulundu. ESS’ye gore hastalarin %10,2’sinde asir1 giindiiz uykululugu vardi. Berlin anketine
gore (%38,9), yitksek OSA riski tasiyan hasta sayisi, STOP (%53,7) ve STOP-BANG (%68,5) anketlerine gore daha diisitk bulundu.
VKi<30 kg/m” olan hastalarda, Berlin ile STOP ve STOP-BANG arasinda yetersiz tutarhlik gézlenirken, STOP ile STOP-BANG arasinda
yeterli uyum vardi (p<0,05, p=0,453). VKI>30 kg/m? olan hastalarda ise Berlin ile STOP arasinda tutarlilik gdzlenirken, Berlin ile STOP-
BANG ve STOP ile STOP-BANG arasinda uyum tespit edilmedi (p=0,824, p<0,05). Cok degiskenli lojistik regresyon analizinde, insiilin
tedavisinin yiiksek OSA riski ile iligkili faktér oldugu bulundu (p=0,041).

Sonug: T2D'de OSA riskini tahmin etmek i¢in kullanilan anketler yetersiz uyum sergilemektedir. Insiilin tedavisi, T2D tanist alan
bireylerde artmis OSA riski ile iligkilidir.

Anahtar Sozciikler: Berlin anketi, Epworth uykululuk é6lgegi, STOP-BANG, Obezite, Tip 2 diyabet
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Type 2 Diabetes at High Risk of Obstructive Sleep Apnea

INTRODUCTION

Obstructive sleep apnea (OSA) is a chronic disease that is
identified by recurring instances of either complete (apnea)
or partial (hypopnea) obstruction of the upper respiratory
tract (1). OSA can lead to elevated levels of carbon dioxide,
intermittent deoxygenation, and disrupted sleep patterns.
Consequently, there may be a development of sympathet-
ic neuronal activation, resulting in alterations beta cell
function (2). Although population-based studies indicate
varying rates of OSA incidence, there are studies reporting
remarkable rates changing between 23-46% (1, 3). The fre-
quency of OSA is known to rise with increasing obesity, and
it serves as a contributory factor for metabolic, cardiovascu-
lar, and neurocognitive disorders (4).

The prevalence of type 2 diabetes (T2D) is globally on rise,
similar to OSA. Regarding the International Diabetes Fed-
eration (IDF) reports, the worldwide prevalence of T2D
in individuals aged 20-79 was approximated to be 12.2%
(783.2 million) by 2045 (5). Although obesity and age com-
monly underlie both OSA and T2D, mounting evidence in-
dicates that the connection between these conditions is not
solely reliant on obesity (2). It was demonstrated in animal
models that intermittent hypoxia leads to a worsening of in-
sulin resistance. Intermittent hypoxia during OSA episodes
may directly affect cellular metabolism and contribute to
oxidative stress, impacting insulin signaling pathways (6,
7). Furthermore, the sympathetic nervous system could be
stimulated by intermittent hypoxia and arousal, leading to
an increase in the secretion of stress hormones like cortisol
and adrenaline. Elevated levels of these hormones might
contribute to poor glycemic control in T2D (2, 8). More-
over, OSA is related with a chronic inflammatory state,
which might impair the function of p-cells in the pancre-
as (7). However, multiple studies have shown that diabetes
impacts the regulation of breathing in the central respira-
tory system and is therefore believed to contribute to the
development of OSA (8). The underlying pathophysiology
linking T2D and OSA is still under investigation.

Current guidelines indicate that 24-86% of individuals with
T2D have OSA, and these guidelines also suggest screen-
ing patients with T2D for OSA especially in recent years (9,
10). It was emphasized that screening should be considered
for individuals who exhibit symptoms consistent with OSA,
like excessive daytime sleepiness, snoring, and witnessed
apnea (11). However, in routine practice, aforementioned
symptoms might be subjective and there is no clear consen-
sus regarding the optimal method for OSA risk assessment
in T2D patients. Polysomnography is the gold standard
diagnostic procedure in the evaluation of OSA. Howev-
er it is time-consuming and costly (12). Herein, we aimed

to identify the high-risk patient group for OSA in patients
with T2D followed in our center and to investigate the con-
cordance of questionnaires that are used for the evaluation
of high OSA risk.

MATERIALS and METHODS
Study Design and Patients

This single-center study was conducted at the endocrinol-
ogy and metabolism outpatient clinic of a tertiary hospital
between July 2023 and September 2023. It has a descriptive,
cross-sectional design. Patients with T2D were included ac-
cording to the following criteria: (i) =18 years of age; (ii)
followed at our center for at least 1 year; and (iii) treated
with insulin and/or oral antidiabetic (OAD) medications.
The exclusion criteria comprised the following: (i) diabetes
types other than T2D; (ii) pregnancy; (iii) use of any med-
ication associated with sleep disorders; (iv) known diagno-
sis of OSA or any condition causing airway obstruction; (v)
presence of severe co-morbidities such as pulmonary dis-
eases, renal failure or acute heart failure; (vii) psychiatric
disorder and related drug usage; (viii) individuals working
night shifts. The study adhered to the principles of the Dec-
laration of Helsinki and received approval from the Ethi-
cal Board of Gazi University (decision number: 481, date:
05 June 2023). All participants provided written informed
consent.

Data Collection

Diabetes mellitus was diagnosed according to the criteria
of the American Diabetes Association (13). Demographic
features, diabetes-related information, laboratory results
and body mass index (BMI), waist and neck circumferences
of the patients were documented retrospectively from hos-
pital records. Nephropathy presence was assessed through
24-hour or spot urinalysis (14). Retinopathy, determined
through fundus examination, or neuropathy, assessed by
examination with a monofilament within the last year, were
recorded (15). The presence of cerebrovascular disease, pe-
ripheral artery disease, or coronary heart disease was doc-
umented as macrovascular complications of T2D (16, 17).

Questionnaires

The Turkish validated versions of STOP, STOP-BANG, and
Berlin questionnaires (BQ) were utilized for the evaluation
of the risk of OSA in T2D patients (18, 19). The STOP ques-
tionnaire consists of four yes-or-no questions regarding:
1. Snoring; 2. Feeling tired, fatigued, or sleepy during the
daytime; 3. Observed apnea; and 4. Blood pressure. Two
or more “yes” responses indicate a high OSA risk (20). The
STOP-BANG questionnaire expands upon the STOP ques-
tionnaire by including four additional questions: 1. BMI; 2.
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age; 3. neck circumference; and 4. gender. If a patient an-
swers “yes” to three or more items across both sets of ques-
tions, it suggests a high risk of OSA (21). The BQ consists of
ten questions in three categories: fatigue, hypertension, and
snoring (22). In accordance with the scoring criteria, if two
or more categories were positive, it signified that patients
were at a high OSA risk, whereas having less than two pos-
itive categories suggested that patients were at a low risk of
OSA.

The Turkish validated version of Epworth Sleepiness Scale
(ESS) was also used for an accurate assessment of day-
time sleepiness, which is a common question in all three
questionnaires (23). The ESS consists eight questions that
inquire about the probability of patients falling asleep in
typical situations. Widely utilized in clinical and research
settings, an ESS score of 11 or higher is generally regarded
as excess daytime sleepiness (24).

Statistical Analysis

The IBM SPSS (Version 23.0) statistical software was uti-
lized for statistical analyses. The Shapiro-Wilk test was ap-
plied to assess the normal distribution of continuous data.
The data were given as mean + standard deviation (SD),
median and interquartile range. Continuous variable com-
parisons utilized Mann-Whitney U and independent sam-
ple t tests, while categorical variables were compared using
X2 (chi-squared) and Fisher’s exact test. Cronbach’s alpha
coefficient was used to assess the correlation of scores for
each item. McNemar test evaluated the agreement between
questionnaires. A multivariate logistic regression analysis
identified factors influencing high OSA risk. A significance
threshold of p<0.05 was utilized to determine statistical sig-
nificance.

The sample size was calculated as 108 at 95% power, 0.32
effect size, and a 0.05 error level using the G*Power 3.1.10
program.

RESULTS

One-hundred eight patients were enrolled. Seventy-two
(66.7%) patients were female, and the mean age was
60.8+10.1 years. There were 67 (62%) patients with bed
partners. While the median diabetes duration was 10 (7-15)
years, the median HbAlc value was 7.5% (6.6-8.9). Anthro-
pometric measurements and the diabetes-related features of
the patients are shown in Table 1.

Fifty-five (50.9%) patients had a BMI exceeding 30 kg/m?,
while 53 patients (49.1%) had a BMI below 30 kg/m?. The
median BQ score of the patients was 1 (1-2), the STOP
score was 2 (1-2), the STOP-BANG score was 3 (2-4), and
the ESS score was 3 (1-6). Cronbach’s alpha coefficient was
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0.84 for the BQ, 0.68 for the STOP, and 0.77 for the STOP-
BANG. Figure 1 presents the patients experiencing daytime

sleepiness based on the ESS. Patients with T2D are at high

risk of OSA, regarding the questionnaires shown in Figure

2. According to the BQ, the number of patients at high risk
of OSA was detected to be lower than in STOP and STOP-
BANG. For patients with T2D with a BMI below 30 kg/m?,
although there was concordance between STOP and STOP-
BANG (p=0.453), sufficient agreement was not observed
between BQ and STOP as well as between BQ and STOP-
BANG (p<0.05). In those with a BMI exceeding 30 kg/m?,
while concordance was observed between BQ and STOP
(p=0.824), no agreement was detected between BQ and
STOP-BANG, as well as STOP and STOP-BANG (p<0.05).

Table 1: Anthropometric measurements and the diabetes-related
features of the patients.

Characteristics Patients with T2D (n=108)
BMI (kg/m?*+SD) 30.7 +5.7
Waist circumference, (cm+SD) 104.3 +13.0
Neck circumference, (cm+SD) 389+3.7
Treatment

Insulin + OAD, n (%) 43 (39.8)

OAD, n (%) 89 (82.4)
Hypertension, n (%) 62 (57.4)
Microvascular complications

Neuropathy, n (%) 34 (31.5)

Nephropathy, n (%) 10 (9.3)

Retinopathy, n (%) 16 (14.8)
Macrovascular complications

Coronary artery disease, n (%) 21(19.4)

Cerebrovascular disease, n (%) 4(3.7)

Peripheral artery disease, n (%) 18 (16.7)

T2D: Type 2 diabetes, BMI: Body mass index, OAD: Oral antidiabetics

11.3%
10.2%
9.1%

Daytime sleepiness based on the
ESS

Whole group BMI<30 kg/m? BMI>30 kg/m?

Figure 1: Patients experiencing daytime sleepiness based on the
Epworth Sleepiness Scale.

ESS: Epworth Sleepiness Scale, BMI: Body mass index.
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Table 2: Characteristic features of T2D patients with a high risk of OSA according to all BQ, STOP, and STOP-BANG questionnaires.

Characteristic features of T2D patients High risk of OSA (n=32) Not high risk of OSA (n=76) p value
Male gender, n (%) 9(28.1) 27 (35.5) 0.456
Age, years 61.6+£9.6 60.4£10.3 0.928
Duration of diabetes, years 11.5 (6.2-19.5) 10.0 (7.0-15.0) 0.287
Hypertension, n (%) 25(78.1) 37 (48.7) 0.006
HbAlc, n (%) 8.2 (7.3-10.2) 7.1 (6.5-8.6) 0.091
Insulin therapy, n (%) 19 (59.4) 24 (31.6) 0.008
BMI kg/m? 34 (28-39) 29 (26-32) 0.001
Waist circumference, cm 111 (100-120) 102 (93-110) 0.001
Neck circumference, cm 40.0 (38.0-42.0) 39.0 (36.0-40.7) 0.056
Retinopathy, n (%) 9(28.1) 7(9.2) 0.012
Neuropathy, n (%) 14 (43.8) 20 (26.3) 0.075
Nephropathy, n (%) 4(12.5) 6(7.9) 0.318
Coronary artery disease, n (%) 10 (31.3) 11 (14.5) 0.044
Cerebrovascular disease, n (%) 0(0) 4(5.3) 0.316
Peripheral artery disease, n (%) 8 (25.0) 10 (13.2) 0.132

T2D:Type 2 diabetes, OSA: Obsructive sleep apnea, BQ: Berlin questionnaire, BMI: Body mass index. Statistically significant values are given in bold

Table 3: Univariate and multivariate logistic regression analysis based on high OSA risk of patients with T2D according to the

questionnaires.

Parameters Univariate logistic regression Multivariate logistic regression
High risk of OSA B coef. %95 CI p value B coef. %95 CI p value
Hypertension 1.30 1.41-9.50 0.007 0.60 0.61-5.48 0.281
Insulin therapy 1.13 1.31-7.31 0.009 0.98 1.03-6.94 0.041
Waist circumference -0.06 0.90-0.97 0.002 -0.04 0.91-1.00 0.063
Retinopathy 1.35 1.29-11.52 0.016 0.24 0.35-4.61 0.706
Coronary artery disease 0.98 1.00-7.18 0.049 0.78 0.68-7.01 0.183
BMI > 30 kg/m® 1.05 1.19-6.87 0.018 0.27 0.42-4.05 0.635

OSA: Obstructive sleep apnea, T2D: Type 2 diabetes, BMI: Body mass index. Statistically significant values are given in bold.

p=0.010 p<0.001 p=0.001
L L

p=0.453 p<D O";J ”
p<0.001 6%
p<0.001 p<0.001 p=0.854
68.5%
60.0%
56.4%
53.7% 52.8%

|
47.2%
I
38.9% g
I ] I

Whole group BMI<30 kg/m? BMI>30 kg/m?

Patients with type 2 diabetes at high risk of OSA

m Berlin Questionnaire uSTOP = STOP-BANG

Figure 2: Patients with type 2 diabetes at high risk of obstructive
sleep apnea according to questionnaires.

OSA: Obstructive sleep apnea. McNemar test evaluated the agreement
between questionnaires. p<0.05 was accepted as statistical significant.

When patients with a high risk of OSA were evaluated
according to all three questionnaires, the presence of hy-
pertension, insulin therapy, BMI, waist circumference, the
presence of retinopathy, and coronary artery disease were
detected to be related with a high risk of OSA (Table 2). We
observed no gender-related difference regarding a high risk
of OSA in our study. Even though the median HbAlc value
of high OSA risk group was higher, no statistically signifi-
cant difference was observed between the two groups. The
presence of insulin therapy was the most associated factor
with a high OSA risk in logistic regression analysis (Table 3).

DISCUSSION

In our study, the considerable proportion of patients with
T2D revealed an elevated risk of OSA. However, it was de-
termined that the questionnaires used to predict the risk of
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OSA yielded varying OSA incidences, resulting in inconsist-
ency between them. Although there are conflicting results
in studies conducted to investigate the superiority of these
questionnaires to each other in patient populations without
T2D, it is often reported that the sensitivity of the STOP-
BANG questionnaire is slightly higher (25-27). However,
there are also studies reporting that these questionnaires
are suboptimal for individuals with T2D (28, 29). Westlake
et al. emphasized that the sensitivity of the STOP-BANG
questionnaire is significantly lower in women compared to
men with T2D (28). Based on our findings and existing lit-
erature, it is essential to develop more sensitive screening
tests to identify patients at high risk for OSA. This approach
can help prioritize which patients with T2D should under-
go more time-consuming and costly tests like polysomnog-
raphy.

Depending on the questionnaire utilized, our study indicat-
ed that patients with T2D had a high risk of OSA, with prev-
alence rates varying between 39-68%. In some studies con-
ducted on patients with T2D, the high risk of OSA with BQ
was found to be ranging from 42-44% (30, 31). In another
screening study utilizing the STOP-BANG questionnaire,
the high risk of OSA among individuals with T2D was de-
termined to be 63% (32). In a study involving 58 patients
with T2D, where both questionnaires were administered to
the same patient group, a high risk of OSA was identified
in 74% based on the BQ and 62% using the STOP-BANG
questionnaire (33). These differences reveal that the method
used in screening for OSA is highly important.

As expected and in accordance with the established liter-
ature (34, 35), our study revealed an association between
an elevated risk of OSA and elevated BMI, increased waist
circumference, hypertension, and coronary artery dis-
ease. The prevalence of OSA can reach levels ranging from
40% to 80% in individuals with co-morbidities (36). OSA
and T2DM is known to share common pathophysiological
mechanisms related to the cardiovascular complications in
particular (37). Hence, detecting and treating OSA will be
beneficial to prevent this synergistic effect.

Even though the T2D patients at a high risk of OSA exhib-
ited a greater BMI compared to those at low risk, insulin
therapy emerged as the most associated factor when con-
sidering the collective analysis of risk-increasing factors
for OSA. This data strenghten the perspective that factors
beyond obesity play a role in the increased risk of OSA in
patients with T2D. Consistent with our results, in a popu-
lation-based study, it was reported that, following adjust-
ments for BMI, individuals with diabetes treated with insu-
lin therapy had a 43% higher OSA risk (38).
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Despite a higher neck circumference in the high OSA risk
group compared to the low OSA risk group, no statistical-
ly significant difference was observed in our study. While
some studies in the literature suggest that neck circumfer-
ence serves as an independent predictor of high-risk OSA
(34, 35), there are also studies similar to our findings that
did not identify a significant association (30). This might
be attributed to factors such as the sample size, as well as
potential influences from gender and anatomical variations
among the patients.

Our study had some limitations. First of all, the assessment
of OSA risk was conducted using questionnaires, and the
survey data were not validated through polysomnography,
which serves as a definitive diagnostic method. However,
it is important to note that the questionnaires used in the
study have been validated and extensively utilized in both
clinical settings and research studies. In addition, because
of the cross-sectional design of the study, cause-and-effect
relations among the variables could not be determined.

Our results indicate that the questionnaires used to pre-
dict the OSA risk in individuals with T2D exhibit insufhi-
cient compatibility. Considering that polysomnography is
time-consuming and costly, it is important in clinical prac-
tice to correctly select high-risk patients and a more com-
prehensive screening approach is essential for assessing the
risk of OSA in T2D.
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