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Abstract

Background Obstructive sleep apnea (OSA) and metabolic syndrome (MetS) are two diseases associated
with an increased risk of cardio-metabolic complications and both share the same risk factors such as obesity
and smoking.

Objectives To study the clinical features and predictors of MetS in OSA patients.

Methodology A cross-sectional study was conducted in the sleep lab of the Pulmonology Department at Kasr
Al-Ainy Hospital, Cairo University, during the period from September 2022 to March 2023. Eighty OSA patients were
included, and each patient was subjected to history taking, body measurements, blood pressure measurements,
Epworth sleepiness scale, STOP-BANG score, polysomnography, and laboratory investigations including lipid pro-
file and (HBA1C), MetS was defined based on the International Diabetes Federation (IDF) guidelines. Then patients
were classified into two groups; OSA with MetS and OSA without MetS, we compared both groups using a one-way
(ANOVA) test.

Results MetS was diagnosed in 66.3% of the study group. OSA with MetS had higher BMI (44.76 + 9.55) with sig-
nificant p values (< 0.001), lower average O2 saturation % (90.23 + 5.5, p value = 0.013), and longer SPO2 time < 90%
(37.39 + 34.14, p value = 0.034) than the other group. BMI, waist, hip, and neck circumferences and SPO2 < 90% were
predictors of MetS among OSA patients with significant p values. Females had significantly higher BMI (46.64 + 9.58),
p value = 0.015. Males had significantly higher AHI than females (32.99 + 24.02 versus 19.83 + 14.74 respectively), p
value = 0.031.

Conclusion MetS was diagnosed in 66.3% of OSA. BMI, neck, hip, waist circumferences, and SPO2 < 90% were predic-
tors of MetS among OSA.

Trial registration Retrospectively registered, date of registration is 18/09/2023, and number of registration is NCT06
051097.The link to the study on clinicaltrials.gov.

Keywords Obstructive sleep apnea, Metabolic syndrome, Obesity

Background

Obstructive sleep apnea (OSA) is a common disorder
that is marked by repeated upper airway obstruction dur-
ing sleep resulting in apneas and hypopneas [1]. Previ-
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the increased prevalence of obesity and is estimated to be
17% among adults [2].

Metabolic syndrome (MetS) is a combination of cen-
tral obesity, hypertension, hyperglycemia, and dyslipi-
demia. The prevalence of metabolic syndrome ranges
from 20 to 40% all over the world with a tendency to
increase proportionately with the increase in the preva-
lence of obesity. Previous studies found that Obesity was
strongly linked to MetS and a well-established risk factor
for OSA. They noticed that as the prevalence of obesity
is rising, the link between OSA and MetS has become
increasingly apparent, this is important because the
coexistence of the two disorders within the same patient
can increase the potential for complications such as car-
diovascular events [3].

So, the aim of our study was to assess the prevalence of
MetS among patients with OSA and to study clinical fea-
tures and predictors of MetS in OSA patients.

Methodology

The present study is a cross-sectional study. It was con-
ducted in the sleep lab unit of the pulmonology depart-
ment at Kasr Al-Ainy Hospital, Faculty of Medicine,
Cairo University during the period from September 2022
to March 2023. The study was approved by the research
ethical committee of Cairo University (code: MS-258-
2022). Patients were recruited from inpatient or outpa-
tient clinics, 102 patients were referred to a sleep lab for
symptoms suggestive of OSA, 22 patients were excluded
from the study (15 patients did not fulfill diagnostic cri-
teria of OSA and 7 patients refused to participate in the
study). Eighty OSA patients were finally registered for the
current study.

Inclusion criteria

All patients above 18 years of both sexes who fulfilled the
OSA diagnostic criteria based on the American Academy
of Sleep Medicine Guidelines 2014 [4].

Exclusion criteria
Patients with cerebrovascular accident within the preced-
ing 30 days, patients on sedatives and antipsychotics.

All patients were interviewed using structured ques-
tionnaires which included OSA symptoms, history of
smoking and alcohol consumption, history of diabetes,
hypertension, and drug history including anti-diabetics,
anti-hypertensives, and lipid-lowering medications. Clin-
ical examination was performed with special emphasis
on body measurements (neck, hip, and waist circumfer-
ences in cm), BMI in kg/m? and measurement of blood
pressure. Assessment of daytime sleepiness was done
using the Epworth sleepiness scale (ESS) and STOP-
BANG questionnaire. Overnight polysomnography study
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with detailed analysis of the recorded data using Medi-
com-MTD, Model: Encephalan-EEGR-19/26) screen TM
plus (cardio-respiratory screening) which is a computer-
based high technology polysomnography. The follow-
ing data could be obtained from the recording; Apnea
hypopnea index (AHI) is the total number of apneas and
hypopneas/hour of sleep, respiratory disturbance index
(RDI) is the number of apneas, hypopneas plus RERAs
(respiratory effort related arousals). Arrhythmia index
is the events of cardiac arrhythmias/hour of sleep. The
oxygen desaturation index is the sum of desaturations/
sleep hour. Oxygen desaturation is defined as a decrease
in the mean oxygen saturation of > 4% that exists for a
minimum of 10 s. SPO2 time < 90% is the duration dur-
ing which O2 saturation percent is below 90% measured
as % from total sleep time. Obstructive sleep apnea was
defined based on the American Academy of Sleep Medi-
cine Guidelines 2014 [4], The severity of OSA will be
assessed by AHI values, patients with AHI > 5 and < 15
are considered mild, AHI > 15 and < 30 are considered
moderate and AHI > 30 are considered severe. Based on
the International Diabetes Federation (IDF) the diagno-
sis of MetS is considered if a patient has central obesity
(waist circumference > 90 cm for men and > 80 cm for
women, with ethnicity-specific values, assumed if BMI is
> 30 kg/m?), plus any two of the following four factors: (a)
raised triglycerides (> 150 mg/dL) or specific treatment
for this lipid abnormality; (b) reduced HDL cholesterol
(< 40 mg/dL in males, < 50 mg/dL in females) or spe-
cific treatment for this lipid abnormality; (c) raised blood
pressure (blood pressure > 130/85 mmHg) or treatment
of previously identified hypertension; and (d) raised fast-
ing plasma glucose (> 100 mg/dL) or previously diag-
nosed type 2 DM [5]. Patients were classified based on
a concomitant diagnosis of MetS into two groups: OAS
with MetS and OSA without MetS.

Statistical analysis
Analysis of data was performed using SPSS for Win-
dows version 23 for statistical analysis. The description
of variables was presented as follows: the description of
quantitative variables was described as mean, standard
deviation (SD), minimum, and maximum. Description of
qualitative variables was described as numbers (No.) and
percentages (%). Data was explored for normality using
the Kolmogorov-Smirnov test of normality. Parametric
tests were used for most of the comparisons. Comparison
between quantitative variables was carried out by one-
way analysis of variance (ANOVA) to test the difference
between the means of several subgroups of a variable.
Relation between qualitative variables was carried
out by Chi-squared test to determine the relationship
between two or more classification factors. The binary



Kaddah et al. The Egyptian Journal of Bronchology (2024) 18:6

correlation was carried out by the Pearson correlation
test. Results were expressed in the form of correlation
coefficient(R) and P values. The significance of the results
was assessed in the form of a P value that is differenti-
ated into: Non-significant when P value > 0.05, significant
when P value < 0.05, and highly significant when P value
< 0.01. ROC curve was constructed with the area under
curve analysis performed to detect the best cut-off val-
ues of BMI and other variables for detection of MetS in
OSA. The best cut-off value of each variable was chosen
according to the highest Youden index.

Results

The current study involved 80 OSA patients, 33 males
(41%) and 47 females (59%) with a mean age of 53 + 12.
History of diabetes was found in 27.5%, hypertension in
45%, and ischemic heart disease in 31%. Regarding OSA
severity based on AHI, 40% of the study group had mild
OSA, 32.5% had moderate and 27.5% had severe disease.
The study group was classified according to concomitant
diagnosis of metabolic syndrome (MetS) into two groups;
OSA with MetS included 53 patients ( 66.3%) and OSA
without MetS included 27 patients (33.7%). There is no
age difference between the two groups, OSA patients
with MetS had higher waist, neck, and hip circumfer-
ences and higher BMI with significant p values (0.001,
0.022, 0.023, and < 0.001 respectively). Laboratory tests
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revealed elevated LDL, total cholesterol, and triglycerides
values (p values < 0.001), decreased HDL level (p value
< 0.001), and elevated HB Alc (p value 0.001) in OSA
patients with MetS than OSA without MetS (Table 1).
Regarding polysomnographic findings, OSA patients
with MetS had significantly lower average O2 saturation
% (90.23 + 5.5, p value = 0.013) and longer SPO2 time <
90% (37.39 + 34.14, p value = 0.034). AHI, RDI, arrhyth-
mia index, desaturation index, and minimal saturation
show insignificant differences between both groups.
STOP-BANG questionnaire was statistically higher in
OSA with MetS (4.77 + 1.51, p value = 0.049), while ESS
shows an insignificant difference between the two groups
(Table 1). It was found that 67.9% of OSA with MetS were
females and 32.1% were males while in OSA without
MetS 40.7% were female and 59.3% were males with a sig-
nificant p value of 0.02, 20% of OSA patients with MetS
were diabetics, 31% were hypertensive and 22% were
known to have ischemic heart disease which was signifi-
cantly higher than OSA patients without MetS (p value
0.004, 0.001, and 0.006 respectively), we did not find a
significant difference between both groups regarding the
smoking history and OSA severity (Table 2).

It was found that BMI was a predictor that can be
used for the detection of MetS among OSA patients
with a cut-off value equal to 38 kg/m? sensitivity was
84.9%, specificity was 66.7% and p value < 0.001, other

Table 1 Comparison between OSA with MetS patients and OSA without MetS patients regarding age, body measurements,
laboratory tests, polysomnographic data, Epworth scale, and stop bang questionnaire

OSA with MetS OSA without MetS Pvalue

No =53 (66.3%) No =27 (33.7%)

Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum
Age in years 5381 11.99 55.00 22.00 77.00 52.26 1216 54.00 27.00 75.00 0.486
Waist circumference (cm) 13481 1496 138.00 105.00 166.00 12256 1460 119.00 104.00 166.00 0.001
Neck circumference (cm) 46.70 932 46.00 33.00 66.00 42.11 5.85 42.00 31.00 60.00 0.022
Hip circumference (cm) 13872 1934 143.00 77.00 170.00 13019 13.17  130.00 107.00 170.00 0.023
BMI in kg/m? 4476 955 4300 26.00 69.00 3625 753 3600 20.00 50.80 <0.001
LDL (mg/dl) 12858 2427 122.00 88.00 190.00 10559 26.15  100.00 80.00 208.00 <0.001
HDL (mg/dl) 39.74 8.62 40.00 20.00 58.00 4744 748 46.00 33.00 74.00 <0.001
Triglycerides (mg/dl) 17251 2701 175.00 111.00 259.00 129.70 2670  126.00 95.00 200.00 <0.001
Total cholesterol (mg/dl) 211.02 3085 220.00 120.00 260.00 17226 4085 150.00 129.00 284.00 <0.001
HBA1C g/dl 7.18 129 720 5.20 10.00 6.26 095 590 490 8.70 0.001
AHI 24.05 19.04 1870 4.80 95.00 27.05 2115 2290 550 85.80 0.499
Desaturation index 2840 2098 21.30 1.80 97.00 27.06 19.01 2160 2.60 77.50 0.972
Average O2 saturation (%) 9023 550  91.00 76.00 98.00 9267 3.1 93.00 84.00 99.00 0.013
SPO2 time < 90% 37.39 3414 23.60 0.00 100.00 20.86 2838 840 0.00 103.00 0.034
Epworth scale 11.58 553 1200 3.00 25.00 1033 527  11.00 2.00 19.00 0372
STOP-BANG questionnaire  4.77 1.51 5.00 2.00 8.00 41 1.09 4.00 3.00 6.00 0.049

BMI boy mass index, LDL low-density lipoprotein, HDL = high-density lipoprotein, HBA1C glycosylated hemoglobin, AHI apnea hypopnea index, SPO2 O2 saturation in
the peripheral blood. One way (ANOVA) test is used, p value is considered significant if below 0.05
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Table 2 Comparison between both groups regarding sex, smoking history, presence of DM, presence of hypertension, ischemic heart

disease, and OSA severity

OSA with MetS OSA without MetS Pvalue
Count % Count %
Sex Male 17 32.1% 16 59.3% 0.020
Female 36 67.9% 1 40.7%
Smoking history Yes 17 32.1% 13 48.1% 0.160
No 36 67.9% 14 51.9%
Presence of DM Yes 20 37.7% 2 7.4% 0.004
No 33 62.3% 25 92.6%
Presence of hypertension Yes 31 58.5% 5 18.5% 0.001
No 22 41.5% 22 81.5%
Ischemic heart disease Yes 22 41.5% 3 11.1% 0.006
No 31 58.5% 24 88.9%
OSA severity Mild 22 41.5% 10 37.0% 0.825
Moderate 16 30.2% 10 37.0%
Severe 15 28.3% 7 25.9%

DM diabetes mellitus, OSA obstructive sleep apnea. Chi-squared test, p value is considered significant if below 0.05

predictors of MetS in OSA patients were waist, hip and
neck circumferences with cut-off values 134, 142, and
46 cm and p values < 0.001, 0.006 and 0.008 respectively.
Regarding polysomnographic data, SPO2 < 90% can
detect MetS in OSA patients with a cut-off value of 23%
(as a % of total sleep time) with p value = 0.024, speci-
ficity = 74%, and low sensitivity = 54.7% (Table 3 and
Fig. 1). We further subdivided the OSA group with MetS
into two groups based on the sex; 17 males (32.1%) and
36 females (67.9%). It was noticed that females had sig-
nificantly higher BMI (46.64 + 9.58) versus (40.78 + 8.42)
for males, p value = 0.015, and higher HBA1C values
7.42 + 1.3 g/dl versus 6.66 + 1.17 for males with p value
= 0.047. Males had statistically significantly higher AHI
than females (32.99 + 24.02 versus 19.83 + 14.74 respec-
tively) with p value = 0.031 (Table 4). All males were cur-
rent smokers and all females were non-smokers, p value <
0.001. Comparison between males and females regarding
OSA severity revealed that most males had moderate and

Table 3 Predictors of MetS in OSA patients

severe disease (47% and 35% respectively), while 52.8% of
females had mild disease with significant p value = 0.043
(Fig. 2).

Discussion

The current study included 80 participants fulfilling the
diagnosis of OSA. It was found that 66.3% of the study
group had a concomitant diagnosis of MetS. It was
noticed that 67.9% of OSA with MetS were females and
32.1% were males. This was matched with the results of
recent studies which found that the prevalence of MetS
among OSA patients ranged from 72.7 to 80% and female
patients with OSA had a significantly higher percentage
of metabolic syndrome than males [6, 7].

The current study demonstrated that OSA patients
with MetS had significantly higher BMI, waist, hip, and
neck circumferences than OSA without MetS, these
results agreed with previous studies which proved the

Area under P value 95% confidence interval
the curve
Lower bound Upper bound Cut-off Sensitivity % Specificity %

BMIin kg/m2 0.769 < 0.001 0.662 0.877 38 84.9 66.7
Waist circumference(cm) 0.739 < 0.001 0.623 0.855 134 56.6 85.2
Neck circumference (cm) 0.664 0.008 0.543 0.784 46 528 815
Hip circumference (cm) 0.666 0.006 0.546 0.785 142 50.9 88.9
Average oxygen saturation (%) 0.380 0.056 0.257 0.503 - - -
SPO2 time < 90% (%) 0.646 0.024 0519 0.772 23 54.7 74.1

BMI boy mass index, SPO2 02 saturation in the peripheral blood, ROC curve was constructed with area under curve analysis, best cut-off value was chosen according

to the highest Youden index. p value is considered significant if below 0.05
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Fig. 1 ROC curve for detection of MetS in OSA patients
Table 4 Comparison between males and females in a subgroup of patients of OSA with MetS
OSA with MS
Male Female Pvalue
No =17 (32.1%) No =36 (67.9%)
Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum
Age in years 5776 10.06 59.00 40.00 77.00 5381 1199 55.00 22.00 77.00 0.273
BMIin kg/m2 40.78 842 38.60 29.40 62.00 4664 958  46.00 26.00 69.00 0.015
HBA1C % 6.66 117 630 5.20 8.60 742 1.30 745 530 10.00 0.047
Average oxygen saturation (%) 9141 386  91.00 83.00 96.00 89.67 609 91.00 76.00 98.00 0472
SPO2 time < 90% (%) 2971 2676 26.00 0.00 82.00 41.02 3690 2330 0.00 100.00 0.451
AHI 3299 2403 2800 4.80 95.00 1983 1474 1470 5.20 54.90 0.031
Desaturation index 3570 2702 25.00 6.10 97.00 2495 1680 21.15 1.80 55.50 0.241

BMI boy mass index, HBA1C glycosylated hemoglobin, AHI apnea hypopnea index, SPO2 O2 saturation in the peripheral blood. One-way (ANOVA) test is used, p value

is considered significant if below 0.05

strong association between large waist and neck circum-
ferences and MetS in OSA patients [7-9].

Previous research found that BMI was higher in OSA
patients than in the control group and suggested that
obesity was the primary determinant of metabolic syn-
drome in those patients rather than sleep apnea [10].
More recent studies have raised the possibility of a sig-
nificant association between MetS and high BMI [11,
12]. So, researchers suggest that obesity is strongly

linked to MetS and is a well-recognized risk factor for
OSA. So, as the prevalence of obesity increases the
association between MetS and OSA becomes more
apparent [13].

Moreover, one of the interesting results of the cur-
rent study was that BMI could be considered a good
tool to detect MetS among the study population by
using the ROC curve, with a cut-off value of 38 kg/m?,
sensitivity of 84.9%, and specificity of 66.7%. This
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Fig. 2 Comparison of males and females in a subgroup of MetS with OSA regarding OSA severity (p value 0.043)

agrees with a previous study which reported that BMI
was a predictive factor for the occurrence of MetS in
OSA patients [13].

We found that waist circumference with a cut-off value
= 134 (which is higher than IDF diagnostic criteria of
MetS) can be used for the detection of MetS in OSA with
a significant p value, a sensitivity of 56.6%, and a specific-
ity of 85.2%, which is agreed with a previous study which
revealed that age and waist circumference are predictors
of MetS and OSA [14].

One study found that neck circumference with a cut-off
value of 38 cm had a sensitivity of 54% and a specificity
of 70% in predicting the presence of metabolic syndrome,
they concluded that neck circumference should be con-
sidered in the definition of MetS but it should be vali-
dated with larger studies [15]. This was matched with our
findings; however, we found a higher cut-off value of neck
circumference (46 cm) with a higher specificity of 81.5%
in detecting MetS in our study group.

In the current study, we found that hip circumference
with cut-off value of 142 cm and a specificity of 88% can
be used for the detection of MetS in OSA, and from the
polysomnographic data the only variable that can be used
for the prediction of MetS was the SPO2 < 90% with cut-
off value of 23%, sensitivity of 54.7%, and specificity of
74.1%.

It was noticed that LDL, total cholesterol, triglycer-
ides, and HB Alc values were significantly elevated,
while HDL level was significantly decreased in OSA
patients with MetS than in OSA without MetS. We
found that OSA patients with MetS had a significant
increase in co-morbid conditions such as diabetes,

hypertension, and ischemic heart disease (p value
0.004, 0.001, and 0.006 respectively). Oxygen indices
in polysomnography revealed that OSA patients with
MetS had significantly lower average O2 saturation %
and spent more time with SPO2 time < 90% (as % from
total sleep time).

There is clear evidence that repeated upper airway
obstructive events can lead to repeated arousal, sympa-
thetic activation, and intermittent hypoxia which results
in tissue ischemia, release of oxygen free radicals, oxida-
tive stress, cytokine production, and finally low-grade
systemic inflammation. These pathologic mechanisms
are responsible for the development of atherosclerosis,
cardiovascular accidents, glucose intolerance, systemic
hypertension, dyslipidemia, and MetS [16—18].

In the current study, there was no significant differ-
ence between both groups as regards AHI, RDI, or OSA
severity, this was not matched with a previous study
which found that MetS was positively correlated with
AHI. This difference could be related to gender differ-
ences in the OSA with MetS group between both stud-
ies, as 59% of their patients were males while most of
our patients were females 67.9%. It is well known that
female patients presented with less severe OSA in
terms of AHI than males [19, 20].

We then further classify OSA with MetS group into two
subdivisions based on sex. It was noticed that females
had significantly higher BMI and HBA1C than males,
while males had significantly higher AHI. Regarding OSA
severity it was found that most males had moderate and
severe disease (47% and 35% respectively), while 52.8% of
females had mild disease with a significant p value.
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Previous studies found that females with OSA were
more obese and had less severe disease as indexed by
AHI [7, 20-23].

This discrepancy between high BMI and less severe
OSA in females could be explained by different patho-
physiological mechanisms underlying this situation. For
example, one study confirmed that males had longer
upper airways and larger soft palate than females, they
concluded that airway collapsibility is more prominent in
males than females [24].

Another study stated that the fat distribution was more
important than BMI, it proved that males had a higher
proportion of visceral and upper body fat rather than
peripheral fat as in females [25].

In the current study, it was noticed that 100% of males
were current smokers while all females were non-smok-
ers. This was in line with previous research which found
that smoking was a risk factor for MetS in OSA patients
[26], and another research which suggested that MetS
was strongly linked to smoking [11].

Smoking is known to cause inflammation and edema
of the upper airway, weaken the pharyngeal muscles,
and increase fat accumulation in the pharynx. So, it can
increase the severity of OSA [27].

Limitations of the study

1) Small number of the study group.

2) Single-center study.

3) We did not study the effect of weight reduction on
MetS components or OSA.

4) We did not study the effect of CPAP treatment on
MetS components.

Conclusion

In our study, we confirmed the association of MetS and
OSA and it was found that obesity was the only predictor
of MetS among OSA patients. Both conditions directly
increase or contribute to the development of cardiac and
metabolic complications, so special attention should be
given to patients with concomitant OSA and MetS for early
detection and management of possible complications.
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