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Abstract: Background Obstructive sleep apnea (OSA) is associated with many diseases, but evidence indicating that 
OSA is a risk factor for dyslipidemia is lacking. Aim This cross-sectional study investigated the prevalence of lipid ab-
normalities in patients with OSA and its association with OSA severity. Material and Methods: In this cross-sectional 
study, 102 patients with suspected OSA underwent standard polysomnography. All patients with an apnea-hypop-
nea index (AHI) of ≥5 with symptoms were diagnosed as having OSA. A fasting blood sample was collected from 
all patients. Blood levels of triglycerides (TGs), total cholesterol (TC), high-density lipoprotein cholesterol (HDL), and 
low-density lipoprotein cholesterol (LDL) were measured. The relationship between the AHI and lipid profiles was 
analyzed, and linear regression analysis was performed to evaluate the effect of dyslipidemia on OSA. Results: The 
patients with OSA had a significantly higher TG level and a significantly lower HDL level than did those without OSA. 
The lipid abnormalities increased with OSA severity. The mean serum TG level was higher in the severe OSA group 
(175±46.5 vs. 153±42.45, mg/dl P = 0.048), and the mean serum HDL level was lower in the severe OSA group 
(38.43 ± 5.19 vs. 45.73 ± 4.98, mg/dl P = 0.004). Serum TG, cholesterol, and LDL levels were correlated with a BMI 
of <30 and a BMI of >30 in the OSA group. Linear regression analysis indicated that only age (β = 0.301, P = 0.000), 
BMI (β = 0.455, P = 0.000), serum HDL level (β = -0.297, P = 0.012), and serum LDL level (β = 0.429, P = 0.001) 
were the independent predictors of OSA. Conclusion: OSA and obesity are potential risk factors for dyslipidemia. The 
diagnosis of hyperlipidemia was linked to OSA, and the association was more significant with OSA severity. Hyperlip-
idemia was well recognized in patients with OSA. LDL and HDL are the independent predictors of OSA.
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Introduction

Obstructive sleep apnea (OSA) is a prevalent 
sleep disorder affecting up to 20% of the gen-
eral population and approximately 4% of men 
and 2% of women in their middle years [1]. OSA 
is a sleep disease characterized by recurrent 
upper airway obstruction that may cause arous-
al, sleep fragmentation, intermittent hypoxia 
(IH), and excessive daytime sleepiness [2]. The 
most common symptoms of OSA are sleepi-
ness, fatigue, nonrestorative sleep, chronic 
snoring, choking, and breathing interruption 
during sleep.

OSA is associated with decreased alertness, 
productivity, and workplace or vehicular acci-

dents. OSA substantially increases the likeli-
hood of being involved in a car accident. 
Treatment for OSA, such as continuous positive 
airway pressure (CPAP) therapy, can signifi- 
cantly reduce this risk [3]. Screening tools,  
such as the Berlin Questionnaire, STOP-BANG 
Questionnaire, and Epworth Sleepiness Scale, 
can be used to identify patients with a risk of 
OSA. Polysomnography (PSG) is the gold stan-
dard for diagnosing OSA. Patients with moder-
ate and severe OSA should receive treatment. 
The American Academy of Sleep Medicine gui- 
delines recommend positive airway pressure 
(PAP) as the treatment of choice for all severi-
ties of OSA [4]. Evidence indicating that OSA 
causes metabolic problems and is a risk factor 
for dyslipidemia is lacking. Changes in essential 
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physiological functions, such as an increase in 
the heart rate, sympathetic activity, oxidative 
stress, insulin resistance, and endothelial dys-
function, have been linked to OSA [5].

OSA and dyslipidemia might be causally associ-
ated. Oxidative stress, insulin resistance, and 
endothelial dysfunction have been related to a 
causal relationship between OSA and metabol-
ic syndrome [6].

In patients with OSA, mechanical obstruction of 
the airway results in IH. IH can cause altera-
tions in lipid metabolism. Dyslipidemia caused 
by IH contributes to the development and pro-
gression of atherosclerosis [7]. Hypoxia may 
disturb the balance between lipid storage and 
mobilization in hepatic and adipose tissues. 
These disturbances, characterized by the over-
production and impaired clearance of triglycer-
ide (TG)-rich lipoproteins, can lead to the dete-
rioration of the blood lipid profile, specifically an 
increase in the plasma TG level [8]. Several 
cross-sectional studies suggest that OSA is 
independently associated with increased total 
cholesterol (TC), low-density lipoprotein (LDL), 
and TG levels. In addition, a study reported that 
CPAP treatment may have a beneficial effect on 
the lipid profile in patients with OSA [9]. An ani-
mal studies demonstrated that IH is a direct 
cause of hyperlipidemia. The magnitude of hy- 
perlipidemia was correlated with the extent of 
the hypoxia stimulus [10].

Another crucial risk factor for atherosclerosis 
and cardiovascular disease is dyslipidemia, 
which is characterized by elevated blood TC 
and LDL-cholesterol (LDL-C) levels (ASCVD). 
Moreover, dyslipidemia is defined as increases 
in TC (≥200 mg/dL), LDL (≥100 mg/dL), and 
TGs (≥150 mg/dL) and a reduction in the high-
density lipoprotein cholesterol (HDL; ≤40 mg/
dL in men and ≤45 mg/dL in women) [11].  
Many epidemiological and interventional stud-
ies have consistently demonstrated a linear 
relationship between serum LDL-C levels and 
incident ASCVD [12]. This study examined the 
association between the prevalence of dyslipid-
emia and the severity of OSA.

Material and methods

Study type

This study examined 119 patients with OSA 
over a period of 1 year by using the STOP-BANG 

Questionnaire. Finally, in this prospective ob- 
servational study, 102 patients were included 
after the exclusion of 17 patients (Figure 1). 
This study was conducted at the Department of 
Respiratory Medicine, King George’s Medical 
University, Lucknow.

Inclusion criteria

Patients who were aged from 25 to 60 years 
and met at least 3 of the 8 STOP-BANG criteria 
for OSA were included in this study. The criteria 
were as follows: snoring, tiredness, observed 
apnea, blood pressure >140/90 mmHg, body 
mass index >30 kg/m2, age >50 years, and 
neck circumference >17 inches for men and 
>16 inches for women. The most common 
symptoms were snoring, observed apnea, and 
daytime sleepiness. 

Exclusion criteria

Patients who were previously diagnosed as 
having diabetes, lipid abnormalities, chronic 
kidney disease, chronic liver disease, chronic 
pulmonary disease, and chronic heart disease 
were excluded from this study. In addition, 
patients receiving lipid-lowering drugs and oral 
steroids were excluded.

Ethics statement

This study was approved by the institutional 
ethics committee Reference code 98th ECM IIB 
thesis/P8. All patients provided informed con-
sent. The polysomnographic scan was conduct-
ed to determine the diagnosis of obstructive 
sleep apnea and determine its severity. Level 1 
polysomnography was used to calculate the 
Apnea-Hypopnea Index (AHI), which is the num-
ber of apneas or hypopneas recorded during 
the study per hour of sleep (PSG).

Hypopneas were defined as a drop of 50% or 
more in nasal flow and associated with 3% or 
more oxygen desaturation. Standard overnight 
PSG (Nicolet UltraSom System, Madison, WI, 
USA) was performed in all the patients in a 
sleep laboratory to determine sleep parame-
ters and architecture. All PSG results were 
scored manually in accordance with standard 
criteria [13]. All the patients with an apnea-
hypopnea index (AHI) of >5 with symptoms 
were diagnosed as having OSA. The patients 
with OSA were divided into three groups on the 
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Figure 1. Study flow chart.

basis of AHI criterion: mild OSA (AHI score of 
5-14.9), moderate AHI (AHI score of 15-29.9), 
and severe OSA (AHI score of >30). We exam-
ined two groups: those with mild to moderate 
OSA and those with severe OSA. A blood sam-
ple (preferably after 12 hours of overnight fast-
ing) was collected from all the patients. The 
blood levels of TGs, TC, HDL, and LDL were 
measured. Friedwald’s formula was used to 
estimate the serum LDL level except when the 
TG level was >350 mg % [14]. Anthropometric 
and demographic data in terms of age, sex,  
BMI (Body mass index) were also analysed. 
Corelation of various lipid parameters with BMI 
were analyzed.

Statistical analyses

Data are expressed as the mean and stan- 
dard deviation (SD). Comparisons between the 
groups with and without OSAS were performed 
using the unpaired t test for parametric vari-
ables. The relationship between the AHI and 
lipid profiles was analyzed, and linear regres-
sion analysis was performed to evaluate the 
effect of OSA on dyslipidemia. All statistical 
analyses were performed using Statistical  
software (Stat Soft version 17, Santa Clara, 

USA). A p value of <0.05 was 
considered statistically signifi- 
cant.

Results 

Baseline characteristics 

The study population (n = 102) 
was divided into the OSA (n = 
93) and non-OSA (n = 9) gr- 
oups on the basis of PSG find-
ings. The patients with OSA 
were classified into mild (AHI = 
5-14.9 events/h, n = 3), mod-
erate (AHI = 15-29.9 events/h, 
n = 16), and severe (AHI >30 
events/h, n = 74) subgroups 
(Figure 2). The patients with 
OSA were significantly older, 
had higher BMI, and were pre-
dominantly men (all P<0.05; 
Table 1) than did those without 
OSA. Of the 93 patients with 
OSA, 58 (62.36%) were men, 
with a mean age of 49.91±8.4 

years. A total of 37 (36.3%) patients were smok-
ers in the OSA group. The mean STOP-BANG 
score was 6, whereas snoring was noted in 82 
(80.4%) patients. The mean AHI of the OSA 
group was 48.43±21.8.

BMI and OSA 

The mean BMI of the study population was 
29.08±4.27. According to BMI, 61 (59.80%) 
patients were determined to not have obesity 
(BMI ≤30 kg/m2) and 41 (40.19%) were deter-
mined as having obesity (BMI >30 kg/m2). In 
the non obese group (BMI <30), 6 (6.45%) 
patients were not diagnosed as having OSA  
and 55 (59.13%) were diagnosed as having 
OSA. In the obese group, 3 (3.22%) patients 
were not diagnosed as having OSA and 38 
(40.86%) were diagnosed as having OSA. OSA 
was prevalent in both the groups irrespective  
of BMI (Figure 3).

Lipid profile and OSA

In the OSA group, 69.8% (n = 65) of patients 
had dyslipidmeia. Out of these patients, 51.6% 
(n = 48), 25.8% (n = 24), 69.8% (n = 65), and 43 
(46.2%) had hypercholesteremia, higher serum 
LDL levels, higher serum TG levels, and lower 
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Table 1. Baseline characteristics of the study population
OSA Positive *  

(n = 93)
OSA Negative * 

(n = 9)
P** 

value
Age 50.45±8.4 years 44.33±6.5 .037
Male 58 (62.3%) 6 (66.6%)
M:F ratio 1.31:1 2:1
Smoker 37 (39.7%) 2 (22.2%)
BMI 29.08±4.27 24.15±5.02 .04
STOP-BANG score 6 3
Tobacco Chewer 20 (21.5%) 1 (11.1)
Snoring 82 (80.4%) 3 (33.3%)
AHI 48.43±21.8 4.22±3.86 .003
S.T.G 177.46±45.38 151.33±46.53 .04
S.LDL 105.83±36.01 96.11±22.95
S.TC 210.40±62.94 191.67±45.02
S.HDL 39.78±5.19 45.12±11.9 .022
*OSA-Obstructive Sleep Apnea. **P < 0.05 is significant.

Figure 2. Distribution of AHI*. *AHI-Apnoea Hypopnea Index.

serum HDL levels respectively. The mean 
serum TG, TC, LDL, and HDL levels were 
177.46±45.38, 210.40±62.94, 105.83±36.01, 
and 39.78±5.19, respectively, in the OSA group.

Lipid profile and severity of OSA 

The prevalence of dyslipidemia increased with 
the AHI. In addition, the TG, TC, and LDL levels 
increased with AHI (Figures 4 and 5). The mean 

lipid levels were higher in the 
patients with severe OSA than 
in those with mild to moderate 
OSA (Table 2). Only serum TG 
and HDL levels significantly dif-
fered between the two groups. 
However, a significant associa-
tion was noted between AHI 
and TG levels (P = 0.048) and 
between AHI and HDL levels (P 
= 0.004) but not with other 
lipid components (Table 2).

Hypertriglyceridemia was ob- 
served in 4 (44.4%) patients in 
the non-OSA group, in moder-
ate OSA group 36.84%, and  
in severe OSA group 71.6% 
(Figure 5).

The mean serum TG and TC 
levels were higher in the pa- 
tients with a BMI of ≥30 than  
in those with a BMI of <30, 
whereas the mean serum LDL 
level was higher in the patients 
with a BMI of <30 (Table 3). 
The mean serum TG and  
HDL levels significantly dif-
fered between the patients 
with a BMI of ≥30 and those 
with a BMI of <30 (indepen-
dent samples t test; P<0.05). A 
linear regression analysis was 
performed to predict the AHI 
based on different lipid levels, 
sex, age, and BMI. When all the 
parameters were analyzed with 
linear regression, only age (β = 
0.301, P = 0.000), BMI (β = 
0.455, P = 0.000), and LDL lev-
els (β = 0.429, P = 0.001) were 
determined as the indepen-

dent predictors of OSA. A scatter plot revealed 
the correlations of serum TG, LDL, and TC lev-
els with the AHI (Figure 6).

Discussion

In this prospective observational study of 93 
newely diagnosed obstructive sleep aponea 
patients we showed a significant correlation of 
lipid abnormalities and Apnea-Hypopnea Index 
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value was associated with higher TG, TC, and 
LDL levels. 

Our study demonstrated that the patients with 
OSA had a higher BMI, were older, and were 
predominantly men. A similar study reported a 
2.64-fold increase in the prevalence of OSA in 
men [18]. This result is compatible with the lit-
erature finding of OSA being more prevalent in 
men. The mean age of our study population 
was 50.45±8.4 years, which is similar to that 
reported in previous studies [7, 19]. 

Prevelance of dyslipidemia: Chou et al noted a 
high prevalence of hypercholesterolemia and 
hypertriglyceridemia at 61.1% and 55.3%, re- 
spectively, similar to our database [7]. Another 
study reported that the prevalence of hypercho-
lesterolemia was 47% and an increased LDL 
was noted in 38% patients. Hypertriglyceridemia 
was less prevalent, affecting approximately 
13% of the population [19]. A cross-sectional 
study reported that the prevalence of hyperlip-
idemia increased from 15.1% in the patients 
without OSA to 26.1% in the patients with 
severe OSA [20]. 

The overall prevalence of dyslipidemia in the 
OSA group was 69.8% in our study. A study 
reported that the majority of Indian patients 
exhibit lipid derangement [21].

OSA and BMI: In our study 59.13% patients 
were diagnosed with OSA in non obese group 
(BMI <30) and 40.86% patients were diag-
nosed with OSA in obese group (BMI ≥30). In 
our study we observed no significant difference 
in the prevalance of OSA with BMI.

The mean, TG, levels were significantly higher in 
patients with OSA with BMI >30 than OSA 
patients with BMI <30. The mean HDL levels 
were higher in lower BMI with OSA patients 
[22]. Total cholesterol, LDL levels were higher  
in OSA with obese patients but it was non sig-
nificant. Studies investigating the relationship 
between OSA and dyslipidemia have indicated 
a role of obesity. Although some studies have 
reported no correlation between OSA and hy- 
perlipidemia outside of the effect of obesity, 
some have indicated that OSA and hyperlipid-
emia are linked in a manner that is indepen-
dent of BMI. 

Figure 3. OSA is prevalent irrespective of BMI.

(AHI) - an indicator of obstructive sleep apnea 
severity.

Studies have recently suggested the involve-
ment of OSA in the development of metabolic 
syndrome, including dyslipidemia, a surrogate 
marker for atherosclerosis. OSA may be associ-
ated with metabolic abnormalities. Mechanis- 
ms through which OSA can disrupt metabolism 
are complex. Many pathogenic mediating pa- 
thways (sympathetic activation, neurohumoral 
changes, glucose homeostasis disturbance, 
inflammation, and oxidative stress) may acti-
vate chronic IH, resulting in the deterioration of 
metabolic function [15, 16]. 

Link between AHI and lipid: The present study 
investigated the link between obstructive  
respiratory events (AHI) and the lipid profile. 
Triglycerides, total cholesterol, and LDL were 
lipid abnormalities connected to the severity of 
OSA in our study. There were more significant 
lipid changes in patients with severe obstruc-
tive sleep apnea (AHI > 30). 

Our results revealed that the patients with OSA 
had significantly higher serum TG, TC, and LDL 
levels and a lower serum HDL-cholesterol level. 
The AHI was inversely associated with the HDL 
cholesterol level in young men and the TG level 
in women alone in the American Heart Health 
Sleep Study [16]. By contrast, Lam et al exam-
ined 255 patients aged between 30 and 60 
years and observed no correlation between 
OSA and the HDL or TG level [17]. 

In our study with the increase in OSA severity, 
the lipid parameters worsened; a higher AHI 
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Table 3. Lipid parameters in obese vs. non obese OSA group
BMI N Mean ± Std. Deviation

S.TG ≥30.00 41 192.62±31.15
<30.00 61 166.31±50.57

S.LDL ≥30.00 41 102.70±31.74
<30.00 61 107.034±38.01

S.HDL ≥30.00 41 48.01±11.57
<30.00 61 48.21±11.58

Total Cholesterol ≥30.00 41 211.70±60.05
<30.00 61 207.03±64.35

Table 2. Lipid parameters in mild-moderate and severe OSA group
AHI 5-29.9 AHI >30 P value

TG 153±42.45 175±46.5 .048
TC 190±45.64 204.75±48.65 NS
HDL 45.73±4.98 38.43±5.19 .004
LDL 110±41.32 124.87±43.45 NS
AHI-Apnoea Hypopnea index, TG-Triglyceride, TC-Total Cholesterol, HDL-High Den-
sity Lipoprotein, LDL-Low Density Lipoprotein.

Figure 4. Serum LDL level in different AHI groups. Chi-square-X2 = 22.6; P 
= 0.007.

Figure 5. Serum TG levels in different AHI groups. Chi-square-X2 = 18.575; 
P = 0.005.

In our study, dyslipidemia is  
a comorbidity related to OSA, 
studies on such association 
are scant, and clinical eviden- 
ce is limited. Some studies 
have indicated an existing re- 
lationship between the incre- 
ased prevalence of dyslipid-
emia and OSA, but a clear 
association has not yet been 
identified [23-25]. 

Dyslipidemia and OSA severity 

Dyslipidemia and OSA seve- 
rity could be related, with high-
er levels of dyslipidemia being 
associated with an increased 
AHI as similar to our study [26]. 
A meta-analysis reported that 
the AHI exerted a significant 
effect on HDL and TG only [27]. 
In our study, we also found  
signifcant relation of AHI with 
low HDL & high TG but not  
with other lipid parameters. 
Although a clear causal rela-
tionship of OSA with dyslipid-
emia is yet to be demonstrat-
ed, chronic IH, a significant 
component of OSA, is indepen-
dently associated with dyslip-
idemia and might cause dyslip-
idemia through the generation 
of stearoyl coenzyme A debate-
rase-1 and reactive oxygen 
species, peroxidation of lipids, 
and the dysfunction of the 
sympathetic system [28].

The effect of OSA on hyperlip-
idemia was examined on the 
basis of lipid concentrations 
instead of hyperlipidemia diag-
nosis. Only three studies iden-
tified a significant relationship 
between OSA severity and lipid 
concentrations in a meta-anal-
ysis of 13 cross-sectional stu- 
dies. Moreover, several stud-
ies reported a weak or no 
association between the two 
variables [28].

The European Sleep Apnea 
database cohort discovered a 
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Figure 6. A scatter plot showing correlation of serum 
TG, Serum LDL, Serum cholesterol with AHI.

robust linear relationship between OSA severity 
and various lipid concentrations (TC, HDL- and 
LDL-cholesterol, and TGs) in patients with OSA 
who did not have a documented diagnosis of 
hyperlipidemia or received lipid-lowering medi-
cations [14]. These findings are congruent with 
those of our study; we determined that despite 
the creation of a separate risk of hyperlipid-
emia, morbid obesity had no effect on the link 
between OSA and hyperlipidemia. The indepen-
dent relationship between the measures of 
OSA (AHI) and the lipid profile (TC, HDL-C, LDL-
C, and fasting TGs) was investigated using a 
general linear model. Dyslipidemia is a known 
risk factor for cardiovascular disease.

This study including patients with newly diag-
nosed OSA observed a strong correlation bet- 
ween lipid abnormalities and OSA severity. In 
our study, the severity of OSA was associated 
with blood TG and HDL levels. Enhanced hepat-
ic synthesis of TGs and cholesterol, slower 
clearance due to lipase activity suppression, 
and increased mobilization of free fatty acids 
from the adipose tissue are key factors contrib-
uting to elevated cholesterol and TG levels in 
individuals with OSA [29]. Our study observed a 

strong relationship between HDL levels and 
OSA severity, suggesting that the patients with 
a lower HDL level have a higher AHI. HDL exerts 
a protective effect on the cardiovascular sys-
tem; however, some HDL subfractions, particu-
larly small HDL subfractions such as small 
LDL3-7 and small HDL8-10, exert atherogenic 
effects on patients with OSA. The two main 
parameters affecting the antioxidant activity of 
HDL are higher HDL lipid peroxide levels and 
lower serum paraoxonase-1 activity. Moreover, 
larger HDL subfractions may exhibit poorer 
antioxidant activity. This may be the reason why 
people with OSA who have normal HDL levels 
do not consistently demonstrate the preventive 
effects of HDL. Patients with decreased antioxi-
dant HDL activity also exhibited elevated levels 
of intercellular adhesion molecule 1 and tumor 
necrosis factor [30]. The age, BMI and LDL lev-
els were determined as the independent pre-
dictors of OSA in our study.

Conclusion

The diagnosis of hyperlipidemia is linked to 
OSA, and the association is more significant  
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for TG & HDL. Hyperlipidemia was noticeably 
underrecognized in patients with OSA.

Limitation

This is a single-center study including a small 
sample size. No follow-up was conducted for 
patients with OSA. The study did not reveal the 
effect of therapy on the lipid profile.
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