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obstructive sleep apnea and metabolic syndrome.
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1. Introduction

A person with central obesity, insulin resistance,
dyslipidemia, and high blood pressure is said to have the
"metabolic syndrome" (MetS), a group of metabolic and
cardiovascular issues [1]. MetS is associated with a higher
cardiovascular risk than would be predicted by adding merely
its separate pieces, notwithstanding some controversy [2]-[4].
However, there may be other factors that have a role in the
significant cardiovascular burden seen in MetS patients.
Obstructive sleep apnea (OSA) is characterized by recurrent
episodes of partial or complete obstruction of the upper airway,
intermittent hypoxia and frequent arousals from sleep [5].
Numerous human and animal studies have shown that OSA
may have an effect on every facet of MetS, including obesity
[6], hypertension [7], insulin resistance [8], dyslipidemia [9],
[10] and obesity. Furthermore, previous studies [11]-[20] have
shown that OSA and MetS can coexist.

It is unclear whether the overlap between OSA and MetS is
solely due to the underlying obesity or if OSA adds an
additional burden that exacerbates metabolic dysfunction and
systemic inflammation in those who already have MetS. It is
unknown how cardiovascular risk factors in persons with MetS
are impacted by daytime drowsiness. Patients with OSA exhibit
considerably higher plasma levels of interleukin-6 (IL-6),
tumour necrosis factor alpha (TNF), and C-reactive protein
(CRP) when compared to controls who are age- and BMI-
matched [21], [22].

AHI, arousal index, and oxygen desaturation have all been
linked favourably to CRP levels [23,] [24]. In people with and
without type 2 diabetes, TNF levels have been linked to insulin
resistance [25], [26]. Given the well-established links between
obesity, inflammation, and insulin resistance, it is not
unexpected that numerous studies have found links between
OSA severity and insulin resistance levels [27]-[29], even in

*Corresponding author: akshay136913@gmail.com

participants who are not fat [30], [31].

Hypoxic stress is linked to both short-term and long-term
increases in glucose, insulin, and/or haemoglobin Alc (HbAlc)
levels, according to a number of experimental [32], [33] and
observational [34], [35] investigations in both humans and
animals. However, despite the fact that the theory that OSA
leads to chronic insulin resistance and diabetes has been the
subject of numerous research, OSA alone does not contribute
as much to these diseases as obesity and other metabolic
variables do.

Recurrent hypoxia, which is linked to obstructive sleep apnea
syndrome (OSAS), causes adenosine triphosphatase to degrade
more quickly into xanthine, which raises uric acid levels [36].
These risk factors, which include obesity, high blood pressure,
dyslipidemia, and hyperglycemia, group together in some
people and are referred to as syndrome X, insulin resistance
syndrome, or metabolic syndrome. Microalbuminuria,
hypercoagulability, an increase in inflammatory mediators, and
endothelial dysfunction are further characteristics of the
metabolic syndrome [37], [38].

2. Materials and Methods

80 individuals with a recent diagnosis of MetS who were
recruited from tertiary care hospitals were included in the study.
Asymptomatic outpatients who were all admitted for regular
check-up exams. At the time of hiring, no sleep questionnaire
was used. The patients' written informed permission was
obtained following ethical committee approval. Patients having
a prior diagnosis of OSA as well as those with established
cerebrovascular illness, coronary disease, heart failure,
rheumatologic  diseases, renal failure, hypothyroidism,
pregnancy, a history of smoking, and regular exercisers were
excluded from the study. Additionally, we disqualified
individuals who were on steroids, insulin, fibrates, statins,
uricosuric drugs (such allopurinol), hypoglycemic drugs,
insulin, contraceptives, fibrates, or hypoglycemic medications.
After volunteers in light clothing and without shoes had their
body weight and height assessed, the body mass index was
determined. On standing subjects, the distance around the waist
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between the lowest rib and the iliac crest was measured using
soft tape. After 15 minutes of rest, two blood pressure readings
were taken from the right arm of patients sitting in a chair at 5-
minute intervals, and their mean values were determined. On
the basis of current recommendations, hypertension was
diagnosed [39].

Enzymatic methods were used to analyse fasting blood
samples to determine levels of glucose, total cholesterol, low-
density lipoprotein (LDL), high-density lipoprotein (HDL),
triglycerides, and  uric  acid.  Particle  enhanced
immunonephelometry was used to assess high-sensitivity C-
reactive protein (Dade Behring, Inc. Deerfield, Illinois). The
enzyme-linked immunosorbent assay was used to quantify IL-
6 (R & D Systems, Minneapolis, MN) All samples were taken
without any signs of clinically active inflammation or infection,
including viral infections.

Within 1 month after blood sample collection, all participants
underwent a standard overnight polysomnography as
previously described [40]. A total halt of airflow for at least 10
seconds, accompanied by a 3% desaturation in oxygen, was
referred to as an apnea. A decrease in respiratory signals for at
least 10 seconds accompanied by a 3% desaturation in oxygen
was deemed to be hypopnea. The total number of respiratory
events (hypopneas plus apneas) per hour of sleep was used to
construct the apnea-hypopnea index (AHI).

The AHI cut offs were 5 to 14.9, 15 to 29.9, and 30
occurrences per hour of sleep for mild, moderate, and severe
OSA, respectively. The presence of OSA was also limited to the
moderate to severe instances, i.e., AHI 15 events per hour of
sleep, as previously described [41], due to the high expected
prevalence of OSA in this cohort. The Epworth sleepiness
scale*? was used to measure daytime somnolence; a score of
>10 was deemed severe daily somnolence.

A. Statistical Analyses

Version 18.0 of SPSS statistical software was used to
examine the data (Chicago, Illinois, USA). When appropriate,
the Student t test or Mann-Whitney test was used to compare
continuous variables between patients with and without OSA.
The Fisher exact test was used to compare categorical variables
that were expressed using frequency distributions. Normal-
distributed continuous variables were reported as mean SD. We
used univariable and multivariable logistic regression analysis
to examine the relative contribution of OSA as a categorical
variable (presence or absence of OSA) or as a continuous
variable (AHI, lowest oxygen saturation during sleep, and total
sleep time below 90%).

3. Results

A total of 80 individuals with recently conformed diagnosis
of metabolic syndrome were enrolled.The prevalence of OSA
was 71.25%(57 patients). The prevalence of OSA (AHI >/15
events per hour of sleep) in patients with MetS was 60.5%. 15
patients (18.75%) presented with an AHI ,5 events per hour of
sleep. 17 patients (21.2%) presented with an AHI from 5 to 14.9
events per hour of sleep. Moderate OSA (AHI 15-29.9 events
per hour of sleep) and severe OSA (AHI >/30 events per hour
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of sleep) were observed in 18 patients (22.5%) and 30patients
(38.1%), respectively. The demographic, anthropometric and
sleep characteristics of the total population of patients studied,
as well as comparisons of patients with or without OSA are
shown in Table 1, The majority of participants were obese with
high waist circumference measurements. There were no
significant differences in sex, race, body mass index, waist
circumference, hypertension, and diabetes status between
patients with and without OSA.

MetS patients with OSA were older (Table 1). Patients with
OSA met a higher number of MetS criteria due to the higher
rate of hypertriglyceridemia and hyperglycemia than patients
without OSA (Figure 2 and 3). Patients with OSA and MetS had
significantly higher levels of MetS-defining parameters
including blood pressure, fasting blood glucose and serum
triglycerides compared to patients with MetS alone (Table 2).
The levels of HDL were similar between patients with and
without OSA. In contrast, the levels of several non-MetS
parameters including serum total cholesterol, LDL,
triglycerides/HDL ratio, cholesterol/HDL ratio, uric acid, IL-6
and C-reactive protein were also higher in patients with OSA.

Univariable and multivariable logistic regression analysis
(Table 3) showed that the presence of OSA was independently
associated with 2 of 5 criteria for MetS (triglycerides and
glucose). Moreover, the presence of OSA was independently
associated with abnormally elevated cholesterol/HDL ratio,
uric acid and C-reactive protein. There was a strong trend for
an independent association between the presence of OSA and
triglycerides/HDL ratio. Multiple linear regression analysis
showed that the AHI or minimum oxygen saturation during
sleep were independently associated with serum levels of
triglycerides and glucose as well as with several metabolic and
inflammatory parameters not included in the MetS criteria
(cholesterol/HDL ratio, uric acid, IL-6 and C-reactive protein —
Table 4). Systolic and diastolic blood pressure were
independently related only to age (data not shown; P <0.001 for
both comparisons)

MetS criteria in patients with and
without OSA

3 METS CRITERIA 4 METS CRITERIA 5 METS CRITERA

No OSA = OSA

Fig. 1. MetS criteria in patients with and without OSA
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Table 1
Sociodemographic characteristics
Total sample No OSA OSA P value
Age 48+9 468 49+8 0.02
Males 42.6 30 50 0.12
Body mass index 31.5+3.9 31.3+£3.8 314434 0.76
Hypertension 66.4 61.7 69.6 0.35
Diabetes 7.6 9.3 8.4 1.00
Number of MetS criteria 3 (3-4) 3 (3-4) 4(3-49) <0.01
Apnea-hypopnea index 19.4 (7.8-38.9) | 5.2 (2.4-8.7) | 34.3(25.2-53.9) | <0.001
Lowest oxygen saturation 81 (73-86) 85 (83-90) 74(70-80) <0.001
Total sleep time oxygen saturation <90% | 3.1(0.3-10.1) 0.4(0.4-1.9) | 8.7 (2.9-24.6) <0.001
Epworth sleepiness scale 10 (7-11) 9(8-10) 10(8-11) 0.03
Excessive daytime sleepiness 46 (30.7)1 5(23.7) 31(35.4) 0.11
Table 2
Quantitative values of metabolic and inflammatory profile in Metabolic Syndrome patients with and without Obstructive Sleep Apnea
Total No OSA OSA P value
Variables included in MetS criteria
Waist circumference 107.2+8.3 10548.71 106+7.8 0.14
Triglycerides 195485 168+79 210+83 0.003
HDL cholesterol 37(35-45) 37(35-45) 35(36-45) 0.88
Systolic blood pressure 140423 135420 144422 0.06
Diastolic blood pressure 83+12 80+12 85+13 0.04
Fasting glucose 103+10 99+9 106+11 <0.001
Variables not included in MetS criteria
Total cholesterol 214+40 203+37 220+34 0.004
Total cholesterol/HDL ratio 5.6£1.3 5.3%1.3 5.841.5 0.02
Triglycerides/HDL ratio 5.243.0 4.5+29 5.7£30 0.008
Uric acid 6.7£1.5 5.9£13 7.0£13 <0.001
IL-6 35+5.1 7.8+0.2 23+5.1 <0.001
C-reactive protein 3.1(2.1-3.9) | 2.7(1.4-3.1) | 3.8(2.8-4.3) | <0.001
Table 3

Univariable and multivariable logistic regression analysis for the association between presence of OSA with variables included
and not included in the MetS criteria

Unadjusted odds ratio (95% CI) | Adjusted odds ratio (95% CI)" | P value
Variables included in MetS criteria
Waist circumference criteria 0.77(0.26-2.3) 0.75(0.23-2.7) 0.71
Triglycerides criteria 2.86(1.32-6.01) 3.26 (1.47-7.21) 0.005
HDL-C criteria 0.89(0.44-1.80) 0.85(0.41-1.79) 0.72
Arterial blood pressure criteria 1.19(0.58-2.7) 1.03(0.47-2.2) 0.95
Fasting glucose criteria 2.52(1.3-5.2) 2.31 (1.12-4.80) 0.03
Variables not included in MetS criteria
Total cholesterol/HDL ratio >4.5 2.38(1.19-4.89) 2.38 (1.08-5.24) 0.04
Triglycerides/HDL ratio >3 2.23(1.07-4.8) 2.19(0.98-5.03) 0.06
Uric Acid >7 mg/D1 4.16(1.8-9.7) 4.19 (1.70-10.35) 0.004
IL-6 6.9(2.12-12.1) 7.1(2.11-13.4), 0.004
C-reactive protein >3 mg/L 4.89(2.39-9.9) 6.10 (2.64-14.11 <0.001




Raut et al.

International Journal of Recent Advances in Multidisciplinary Topics, VOL. 4, NO. 4, APRIL 2023

179

Table 4
Stepwise linear regression analysis for the association between markers of OSA severity and components of MetS and metabolic/inflammatory variables not
included in the MetS criteria*

| Variables | Co-efficient(p) | 95% CI | P value
Variables included in MetS criteria
Triglycerides Race -14.432 -25.898 -1.178 | 0.05
Body mass index -5.541 -10.687-0.500 | 0.05
Minimum O, saturation | -2.016 -3.891 -0.042 0.03
Glucose Age 0.371 0.1010.517 0.002
Apnea-hypopnea index | 0.079 0.013 0.178 0.03
Variables not included in MetS criteria
Cholesterol/HDL Apnea-hypopnea index | 0.012 0.003 0.019 0.007
Uric Acid Sex 0.798 0.356 1.298 0.001
Apnea-hypopnea index | 0.012 0.002 0.019 0.03
C-reactive protein | Minimum O, saturation | -0.041 -0.069 -0.012 0.005
Sex -0.632 -1.215-0.003 0.05
Age 0.036 0.003 0.069 0.04
IL-6 Sex -0.675 -1.316-0.003 0.04
Age -0.032 0.004 0.059 0.03

4. Discussion

According to the results of the current investigation,
undiagnosed OSA is frequent in MetS patients and is
independently correlated with indicators of metabolic
dysfunction and systemic inflammation. In particular,
triglycerides and glucose, two MetS criteria, as well as
cholesterol/HDL ratio, uric acid, IL-6 and C-reactive protein,
three non-MetS cardiovascular risk factors, were related with
OSA. Our data as a whole imply that OSA may increase the
metabolic and cardiovascular burden of MetS patients.

OSA was not taken into account in earlier clinical
investigations of MetS as a potential confounding condition that
raises the risk of cardiovascular disease [43], [44]. Accordingly,
OSA was briefly covered in the American Heart Association
Scientific statement on MetS and categorised as being relevant
to "other fields of medicine," receiving the same consideration
as cholesterol gallstones and lipodystrophies [1]. On the other
hand, the majority of earlier studies coming from the sleep
community focused exclusively on patients who had been
referred for sleep testing [45]. With the help of our study's
methodology, we were able to systematically assess the
prevalence of undiagnosed OSA in a cohort of MetS patients.

We found a 60.5% prevalence of OSA in MetS, even using
conservative diagnostic OSA criteria (AHI >/15 events per hour
of sleep. The prevalence of OSA seen in this study is consistent
with two earlier publications from separate groups that assessed
individuals with MetS (ranging from 68 to 87.5%) [41]. A
recent study indicated that obese patients with type 2 diabetes
had a significant prevalence of OSA (,86%), which is consistent
with our data [46]. The high prevalence of OSA among our
MetS patients may be related to the fact that both disorders have
visceral obesity as a common characteristic. Visceral fat, not
subcutaneous or total body fat, is what actually predisposes to
OSA development [47].

However, it has been demonstrated that the impact of OSA
on MetS metabolic function, at least in terms of glucose
regulation, occurs independently of waist size, a proxy indicator
of visceral adiposity [41].

In the present larger study, which excluded patients treated
with hypoglycemic and lipid-lowering medications, we show

that the co-existence of OSA in patients with MetS is associated
with increased glucose and triglycerides levels.

Additionally, we have demonstrated a relationship between
OSA and non-MetS cardiovascular risk factors as the
cholesterol/HDL ratio, uric acid, IL-6 and C-reactive protein.
These biomarkers have been proven to be reliable indicators of
cardiovascular risk. In comparison to total cholesterol, HDL
cholesterol, and non-HDL cholesterol, a cholesterol/HDL ratio
of 4.5 is a stronger predictor of ischemic heart disease 48. The
catabolic end product of ATP, uric acid, has been linked to
oxidative stress, inflammation, subclinical atherosclerosis, and
a higher risk of cardiovascular events [49]. Independent
research has demonstrated that individuals with MetS and OSA
frequently have high plasma uric acid levels.

Our study suggests that OSA has an additive effect on uric
acid levels in patients with MetS. Finally, pro-inflammatory
effects of MetS and OSA were widely discussed in the literature
and many independent studies reported that both MetS and
OSA [50] are independently associated with high C-reactive
protein levels, which is a marker of cardiovascular
inflammation. C-reactive protein adds clinically important
prognostic information to the MetS.

Our investigation found an independent relationship between
OSA and dyslipidemia and systemic inflammation that has a
biological foundation.

Through the upregulation of hepatic lipid production and
lipoprotein release via hypoxia inducible factor 1 alpha,
intermittent hypoxia, the characteristic of OSA, leads to
dyslipidemia in mice [51]. Additionally, intermittent hypoxia
stimulates the expression of pro-inflammatory mediators,
which may impair endothelial function, by promoting the
activation of a variety of inflammatory cells and pro-
inflammatory transcription factors such nuclear factor kappa B
[52].

In the current investigation, we showed that patients with and
without excessive daytime sleepiness shared similar levels of
various metabolic and inflammatory markers linked to OSA.
Independent of daytime symptoms, other researchers have
demonstrated that OSA is linked to atherosclerotic markers and
mortality [53]. These findings cast doubt on the idea that OSA
patients who are just drowsy are at higher cardiovascular risk.
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OSA may not be recognised in those who don't sleep, which
causes it to be disregarded as a possible cardiovascular risk
factor. The cross -sectional nature of the study does not prove
cause-effect relationships between OSA and metabolic and
inflammatory markers.

5. Conclusion

Patients with MetS frequently have OSA. Increased
prevalence and severity of hypertriglyceridemia and
hyperglycemia, as well as other indicators of metabolic and
inflammatory dysregulation (cholesterol/HDL ratio, uric acid,
and C-reactive protein) are all independently linked to OSA.
Regardless of daytime sleepiness, our data clearly suggest that
patients with MetS ought to be examined for OSA. We believe
that having OSA can worsen MetS and raise cardiovascular
morbidity and death even more.
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