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ABSTRACT
Aims: Syndrome Z is defined as the coexistence of obstructive sleep apnea (OSA) and metabolic syndrome. As family medicine 
takes on the role of preventive medicine, syndrome Z is gaining importance in primary care. We aimed to determine the 
prevalence of syndrome Z in primary care by examining the risk of OSA in individuals with metabolic syndrome. 
Methods: A cross-sectional study of patients diagnosed with metabolic syndrome according to NCEP-ATP III criteria was 
conducted at the family health center. Patients’ anthropometric measurements (waist circumference, neck circumference, height, 
and weight) were recorded. OSA risk assessment scales included the Berlin and STOP-BANG questionnaires, which have been 
shown in studies to be more sensitive tests and were therefore selected for use in our study.
Results: Of 156 participants, 37.8% (n=59) were at high risk for OSA on both questionnaires. According to STOP-BANG, 57.4% 
of men and 31.6% of women were at high risk, which was statistically significant. No association was found between OSA and 
diabetes, hypertension, and dyslipidemia. However, in both questionnaires, obesity and high body-mass index significantly 
increased the risk of OSA. The area under the curve was 0.649 with a specificity of 80.6% using a cut-off of 34.5 kg/m² for BMI.
Conclusion: Obese individuals with metabolic syndrome should be assessed for syndrome Z in primary care settings and 
preventive services should be offered to those at risk.
Keywords: Metabolic syndrome, obstructive sleep apnea syndrome, primary care, screening, syndrome Z

INTRODUCTION
Background
Obstructive sleep apnea syndrome (OSAS) is a syndrome 
characterized by recurrent episodes of apnea and hypopnea 
during sleep that cause interrupted sleep and decreased oxygen 
saturation.1 OSAS has been found to be an independent risk 
factor for the development of hypertension, atherosclerosis, 
cardiovascular morbidity, and all-cause mortality.2 It has 
also been determined that OSAS and short-term sleep cause 
metabolic changes such as glucose intolerance and insulin 
resistance.3 Therefore, early detection and management of 
OSAS is very important in terms of preventing the development 
of many chronic diseases.

Although it is accepted that the gold standard diagnosis of 
OSAS is polysomnography,4 it is not possible to screen all risky 
individuals with polysomnography due to the limited number 
of sleep laboratories and trained personnel. Therefore, clinical 
and evidence-based questionnaires will be helpful for risk 
detection and screening of OSAS in non-sleep clinical settings, 
but not for the confirmation of diagnosis.4 For this purpose, 
it has been evaluated that the Epworth Sleepiness Scale, the 
STOP-BANG questionnaire, the STOP questionnaire, the 

Berlin questionnaire and the Pittsburgh Sleep Quality Index 
can be used to determine the risk of OSAS, and among which 
the STOP-BANG and Berlin questionnaires were identified 
as having the uppermost sensitivity.5 In a meta-analysis of 
14 studies assessing the diagnostic accuracy of the surveys, 
it was determined that the Berlin and the STOP-BANG 
questionnaires were found to have higher sensitivity in the 
diagnosis of OSAS.6 

Metabolic syndrome (MetS) is defined as a metabolic 
dysfunction in which the risk of developing diabetes and 
cardiovascular disease in the future increases two to five 
times.7 National Cholesterol Education Program Adult 
Treatment Panel (NCEP-ATP) III criteria are most commonly 
used for the diagnosis.8 Accordingly, an increase in waist 
circumference, high blood pressure or receiving treatment for 
hypertension, high fasting blood sugar and triglyceride, and 
low level of high-density lipoprotein (HDL) cholesterol were 
the parameters for the diagnosis of MetS.9 

OSAS and MetS are increasingly being associated, and 
the coexistence of OSAS and MetS is defined as syndrome 
Z.10 Since the exact pathological basis has not yet been 
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determined, there are many publications in the literature to 
reveal the relationship between OSAS and MetS.8,11-13 In a 
study, OSAS was found to be significantly associated with an 
increased risk of MetS.12 The relationship between OSAS and 
systemic disease was investigated in another study and it was 
determined that the comorbidity of systemic diseases such as 
hypertension, diabetes mellitus and cardiovascular diseases 
increased with the severity of OSAS,13 as in MetS. This reveals 
the necessity of screening and distinguishing people who 
have OSAS and MetS in order not to have a higher risk for 
developing systemic diseases.

Objective
The primary duty of family medicine is to provide preventive 
healthcare services and to identify the risks related to health 
in individuals through screening. In this context, it should be 
evaluated that family physicians should screen syndrome Z, 
the co-occurrence of OSAS in patients with MetS, to prevent 
the development of possible comorbidities. For this purpose, 
in this study, we investigated the risk of OSAS in people with 
MetS who applied to Family Health Centers through two 
different questionnaires.

METHODS
Ethical Approval 
Ethical approval was obtained from the Atatürk University 
Faculty of Medicine Clinical Researches Ethics Committee 
(Date: 27.06.2019, Decision No: 09). Written informed 
consent was obtained from participants and the tenets of the 
Declaration of Helsinki were followed throughout the study.

Study Design and Setting
This study was designed as a cross-sectional descriptive 
study. The study was conducted between August 2019 and 
January 2020 at an educational family health center (FHC) in 
Erzurum, in the eastern part of Turkiye.

Participants 
The study population consisted of patients over 20 years of 
age who enrolled in the FHC and were diagnosed with MetS 
according to NCEP-ATP III criteria. For the diagnosis of MetS 
according to NCEP-ATP III, the presence of three or more of 
the following five characteristics was accepted as MetS: 1. 
Waist circumference (>88 cm in females, >102 cm in males), 
2. Elevated serum triglyceride level (≥150 mg/dl), 3. Decreased 
HDL cholesterol levels (<50 mg/dl in women, <40 mg/dl in 
men), 4. Elevated blood pressure (≥130/85 mmHg), 5. Elevated 
fasting glucose levels (≥100 mg/dl).14 

The participants’ age, sex, metabolic diseases, and 
anthropometric measurements (waist circumference, neck 
circumference, height, weight) were recorded. In terms of 
anthropometric measurements, the normal range of neck 
circumference was 43 cm in men and 38 cm in women, 
increased waist circumference was more than 88 cm in 
women and 102 cm in men, normal body-mass index (BMI) 
was less than 25 kg/m2, while obesity was considered as BMI 
more than 30 kg/m2 in both sexes.

Questionnaires
Among the scales used to determine the risk of OSAS, the 
Berlin and STOP-BANG questionnaires have been shown in 

studies to be more sensitive tests5,6 and were therefore selected 
and used in our study.

The STOP-BANG questionnaire was developed by Ong et 
al.15 in 2010, and its Turkish validity and reliability tests was 
conducted by Acar et al.16 in 2013. According to the Turkish 
version, the sensitivity and specificity values were given as 
93.2% and 97.2% when the apnea-hypopnea index (AHI) was 
>5; 92.3% and 96.6% when the AHI was >15; and 96.9% and 
93.6% when the AHI was >30. The STOP-BANG questionnaire 
consists of eight questions, and patients are classified as low, 
medium, and high risk for OSAS. Those who answer yes to 
0-2 out of eight questions are considered low-risk, those who 
answer yes to 3-4 of them are considered medium-risk, and 
those who answer yes to 5-8 of them are considered high-risk.

The Berlin questionnaire was developed by Netzer et al.,17 and 
its Turkish version was conducted by Ulasli et al.18 in 2014. 
According to the Turkish version, the sensitivity and specificity 
values of AHI scores of 5, 15, and 30 were defined as 73.1% and 
44.5%, 76.4% and 39.5%, and 80.3% and 35.3%, respectively. 
The Berlin questionnaire consists of three categories and 10 
questions in total. The first category consists of five questions, 
the second and the third categories consist of four and one 
questions, respectively. If two or more significant scores are 
obtained from these categories (category 1≥2 points, or category                                                                                                                               
2≥2 points, or category 3≥1 point) it reveals high risk for 
OSAS, if significant scores are not obtained, it means low risk.

Sample Size
The power analysis performed determined that the number of 
patients required for the study was 156, with a type 1 error of 
0.05 and a confidence interval of 80%.

Statistical Analysis
SPSS 20 (IBM, NY, USA) was used for statistical analyses. 
Descriptive statistics were presented as frequencies and 
percentages for categorical data, and means and standard 
deviations for numerical data. The suitability of the numerical 
variables for normal distribution was examined using 
histogram graphs. One-way ANOVA, Fischer’s exact, ROC 
analysis, and Chi-square tests were used as hypothesis tests. 
Statistical significance was set as p<0.05.

RESULTS
A total of 156 participants who met the MetS criteria were 
included in our study. The mean age was 61.7±10.5 years; neck 
circumference was 39.2±3.0 cm, waist circumference was 
found as 110.5±10.6 cm; and mean BMI was 33.4±5.3 kg/m2 
(Table 1). Of the 156 participants included, 95 (60.1%) were 
female and 61 (39.1%) were male. Among them, 126 (80.8%) 
people had diabetes mellitus, 148 (94.9%) had hypertension, 
103 (66%) had dyslipidemia, and 118 (75.6%) had obesity. 
Considering the distribution of individuals according to BMI, 
six (3.8%) participants had normal weight, 32 (20.5%) were 
overweight, and 118 (75.6%) were obese.

Using the STOP-BANG questionnaire to assess the risk of 
OSAS, 65 (41.7%) subjects had a high risk of OSAS, 74 (47.4%) 
had a moderate risk of OSAS, and 17 (10.9%) had a low risk of 
OSAS. When the risk assessment of the individuals was made 
according to the Berlin Questionnaire, it was found that 94 
(60.3%) people had a high risk of OSAS and 62 (39.7%) people 
had a low risk of OSAS (Figure 1).
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Figure 1. OSAS risk categories of individuals based on the STOP-BANG and 
Berlin questionnaires
OSAS: Obstructive sleep apnea syndrome

When comparing the OSAS risk status of individuals 
according to the STOP-BANG and Berlin questionnaires, 
59 (37.8%) individuals were found to be at high risk of OSAS 
according to both questionnaires. However, 35 (22.4%) people 
who had a moderate risk of OSAS according to the STOP-
BANG questionnaire were found to have a high risk of OSAS 
according to the Berlin questionnaire (Figure 2).

When the risk of OSAS was examined in terms of gender, 36 
(59%) of the male participants were found to be at high risk, 
while 58 (61.1%) of the female participants were found to be 
at high risk according to the Berlin Questionnaire, but no 
statistically significant difference was found (p=0.80). On the 

other hand, 35 (57.4%) of the men were found to be at high risk 
according to the STOP-BANG questionnaire, while 30 (31.6%) 
of the women were found to be at high risk. Men were found 
to have a statistically higher risk than women (p=0.04) (Table 2).

Neck and waist circumferences according to the Berlin 
scale were found to be higher in the high-risk group, but the 
difference between the groups was not statistically significant. 
On the other hand, both neck and waist circumferences 
were found to be higher in individuals at high risk for OSAS 
according to the STOP-BANG Scale, which was statistically 
significant (p<0.01) (Table 2).

When examining the MetS parameters (diabetes mellitus, 
hypertension, and dyslipidemia) and OSAS risk analysis 
according to the Berlin Questionnaire, no significant 
difference was observed in these three conditions (p=0.389, 
p=0.266, and p=0.746, respectively). Similarly, according to 
the STOP-BANG questionnaire, there were no statistically 
significant OSAS risks in the presence of diabetes mellitus, 
hypertension or dyslipidemia (p=0.579; p=0.264 and p=0.366, 
respectively). In contrast, the presence of obesity was found 
to significantly increase the risk of OSAS according to the 
Berlin Questionnaire (p=0.003). Similarly, the presence 
of obesity was associated with a significantly higher risk of 
OSAS according to the STOP-BANG questionnaire (p=0.001) 
(Table 3).

Table 1. Anthropometric measurement data of the participants

n Min Max Mean SD

Age 156 35 87 61.67 10.48

Height (m) 156 1.42 1.82 1.61 0.08

Weight (kg) 156 53.5 140.2 86.39 13.51

Neck circumference (cm) 156 32 52 39.20 3.00

Waist circumference (cm) 156 86 142 110.52 10.64

Body-mass index (kg/m2) 156 23.72 46.61 33.38 5.29

Min: Minimum, Max: Maximum, SD: Standard deviation

Table 2. OSAS risk comparison by gender, BMI, neck and waist circumferences of participants according to Berlin and STOP-BANG questionnaires

Berlin Questionnaire STOP-BANG Questionnaire

Low risk High risk p** Low risk Medium risk High risk p**

Gender (n, %)
Men 25 (41.0%) 36 (59.0%)

0.800
3 (4.9%) 23 (37.7%) 35 (57.4%)

0.04
Women 37 (38.9%) 58 (61.1%) 14 (14.7%) 51 (53.7%) 30 (31.6%)

BMI (kg/m2)* 31.7±4.7 34.5±5.4 0.001 29.3±3.5 32.7±4.7 35.2±5.6 <0.05

Neck circumference (cm)* 38.7±2.5 39.55±3.2 0.069 37.4±1.8 38.2±2.6 40.8±3.0 <0.01

Waist circumference (cm)* 108.6±9.1 111.8±11.4 0.054 104.4±8.9 108.7±9.7 114.3±10.9 <0.01
*Mean, standard deviation, **Chi-square test, BMI: Body-mass index

Table 3. OSAS risk comparisons according to the Berlin and STOP-BANG questionnaires in individuals with or without metabolic syndrome parameters

Total

Berlin Questionnaire STOP-BANG Questionnaire

Low risk High risk p* Low risk Medium risk High risk p*

Diabetes mellitus (n, %) 126 (80.8%) 48 (30.8%) 78 (50.0%) 0.389 13 (10.3%) 58 (46.0%) 55 (43.7%) 0.579

Hypertension (n, %) 148 (94.9%) 57 (36.5%) 91 (58.3%) 0.266 15 (9.6%) 70 (44.9%) 63 (40.4%) 0.264

Dyslipidemia (n, %) 103 (66.0%) 40 (25.6%) 63 (40.4%) 0.746 10 (6.4%) 53 (34.0%) 40 (25.6%) 0.366

Obesity (n, %) 118 (75.6%) 39 (25.0%) 79 (50.6%) 0.003 7 (4.5%) 56 (35.9%) 55 (35.3%) 0.001
*Chi-square test, OSAS: Obstructive sleep apnea syndrome

Figure 2. Comparison of OSAS risks according to the two questionnaires
OSAS: Obstructive sleep apnea syndrome
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When the effect of BMI of the study participants was examined 
using the Berlin Questionnaire, the mean BMI of the high-
risk participants was 34.5±5.4 kg/m2, while the mean BMI of 
the low-risk participants was 31.7±4.7 kg/m2. High BMI was 
found to significantly increase the risk of OSAS (p=0.001). 
According to the STOP-BANG questionnaire, the mean BMI 
of the high-risk participants was 35.2±5.6 kg/m2, while the 
mean BMI of the low-risk participants was 29.3±3.5 kg/m2. It 
was also observed that a high BMI significantly increased the 
risk of OSAS (p<0.05) (Table 2). 

The BMI values of the participants with the Berlin 
questionnaire were statistically evaluated by ROC analysis, 
because the risk assessment of the Berlin questionnaire had 
two categories as low and high risk. The cut-off value for 
BMI was found to be 34.5 kg/m2 (Figure 3). It was found 
that individuals with a BMI higher than this value had a 
statistically significant higher risk compared to the Berlin 
questionnaire. The area under the curve (AUC) was 0.649 and 
the sensitivity was 44.7% and the specificity was 80.6% for the 
BMI cut-off of 34.5 kg/m2 (p=0.002).

Figure 3. ROC analysis curve of the BMI and OSAS risk of the participants 
according to the Berlin questionnaire
ROC: Receiver operating characteristic, BMI: Body-mass index, OSAS: Obstructive sleep apnea 
syndrome

DISCUSSION
OSAS is very important in terms of metabolic diseases that 
it paves the way for, rather than being a sleep disorder on its 
own. According to a study, when individuals with and without 
OSAS were compared, it was observed that insulin resistance, 
obesity, and lipid profile were independent and strongly 
correlated with MetS in individuals with OSAS.12 It was also 
revealed that OSAS is associated with metabolic diseases 
such as obesity, insulin resistance, type 2 DM, non-alcoholic 
fatty liver disease.19 Patients with OSAS was found to have 
additional chronic diseases such as hypertension, diabetes 
mellitus, coronary artery disease, and chronic heart failure, 
and it was observed that the comorbidity of systemic diseases 
increased as the severity of OSAS increased.13 In our study, 
it was found that, obesity and high BMI were significantly 
associated with the risk of OSAS in both Berlin and STOP-
BANG questionnaires, in primary care patients.

A systematic review and meta-analysis investigated the 
possible association of resistant hypertension with OSAS and 
found a significantly increased risk of resistant hypertension 
in OSAS patients with or without risk factors.20

In studies investigating the association of OSAS and metabolic 
diseases, the association of OSAS and obesity is seen at a very 
high level. In a study, obese individuals were examined by the 
Epworth Sleepiness Scale, and it was observed that daytime 
sleepiness increased with increasing BMI.21 Similarly, in our 
study, BMI was found to be statistically significantly higher 
in high-risk groups in both the Berlin and STOP-BANG 
questionnaires. 

In our study, both in Berlin and STOP-BANG questionnaires, 
the BMI of the high-risk groups were found to be significantly 
higher (p≤0.01). On the other hand, no significant difference 
was found between neck and waist circumferences and the 
risk of OSAS according to the Berlin questionnaire (p>0.05). 
According to the STOP-BANG questionnaire, the neck and 
waist circumferences were found to be significantly higher 
in the high-risk group, therefore, a significant relationship 
was found between the BMI, waist and neck circumferences 
with the high OSAS risk group according to the STOP-BANG 
questionnaire.

It is known that the gold standard diagnostic method of OSAS 
is polysomnography. However, due to the lack of sufficient 
number of sleep laboratories in the world and in our country, 
and due to the long assessment durations, expensiveness, 
and special equipment requirements, alternative diagnostic 
methods have been searched and different cost-effective, 
out-of-hospital screening methods as a polysomnography 
alternative, have been used and recommended.22 For 
this purpose, a study using BMI and neck circumference 
measurements, conducted on patients diagnosed with 
OSAS by polysomnography, and according to the results 
they obtained, it was determined that higher BMI and neck 
circumference values predicted and increased risk of severe 
OSAS in both genders.23

A study that examined the risk of OSAS in primary care 
using the Berlin Questionnaire found a high risk of OSAS of 
27.4%.24 Although this is lower than that found in our study, 
it is worth noting that diagnosis and screening for OSAS is 
important and necessary in primary care, which is the first 
point of contact individuals have with the healthcare system. 

In our study, an investigation was conducted in patients with 
MetS using the Berlin and STOP-BANG questionnaires, 
whose validity and reliability studies were performed in 
order to determine OSAS risk and screening. As a strength 
of our study, these questionnaires were used for the first time 
in MetS patients for the assessment of OSAS risk and in the 
screening for risk of syndrome Z in primary care, as far as 
we know. Within the scope of preventive health services and 
periodic examinations, which are among the primary duties 
of family physicians, screening for OSAS in MetS patients 
with questionnaires should be recommended and performed. 
The Berlin or STOP-BANG questionnaires, which are simple, 
quick and reliable, should be offered by family physicians as 
part of regular screening in the future.

Limitations
This study is one of the few that has looked at syndrome Z in a 
primary care setting. However, it has some limitations. First, 
the relatively small sample size and the single-center design of 
the study may limit the generalizability of the results. Despite 
the proven high sensitivity and specificity of the Berlin and 
STOP-BANG questionnaires, the risk and diagnosis of OSAS 
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was not confirmed by follow-up polysomnography. As another 
limitation, this study was designed as a cross-sectional 
descriptive study, and at-risk patients were not followed for 
OSAS development.

CONCLUSION
In this study, screening for syndrome Z in primary care was 
investigated by assessing the risk of OSAS in patients with 
MetS who presented to primary care practices. The risk of 
OSAS was statistically higher with high BMI, waist and neck 
circumference in the STOP-BANG questionnaire and with 
high BMI in the Berlin questionnaire. In primary care, OSAS 
questionnaires should be used as a simple, applicable, and 
rapid method for screening OSAS risk in patients with MetS, 
especially in obese individuals.
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