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Background: Most of patients with Obstructive Sleep Apnea (OSA) are at risk
of metabolic syndrome. The treatment of choice for OSA patients is the
Continuous Positive Airway Pressure (CPAP). Reports about the effect of CPAP
on metabolic parameters are controversial. So, we aimed to evaluate the effect
of CPAP therapy on blood pressure, Fasting Blood Sugar (FBS), and serum
lipids including: Triglycerides (TG), total cholesterol (Chol), High Density
Lipoproteins (HDL), and Low Density Lipoproteins (LDL).
Materials and Methods: This study included 35 OSA patients. Initially, their
baseline demographic and clinical characteristics were recorded. Then, the
patients underwent CPAP therapy on average 4-7 hours for 8 weeks. The level
of FBS, TG, Cholesterol, HDL, LDL, and blood pressure were measured and
recorded before and after treatment. Finally, the collected data were analyzed
with SPSS version 22.
Results: This study included 35 OSA patients [24 men (68.6%)], with mean age
of 45.58±8.02 years. Results indicated that CPAP therapy led to decrease of 9.76
and 3.49 mmHg in systolic and diastolic blood pressures, respectively. Also,
LDL decreased to 6.27mg/dl and HDL increased to 0.75 mg/dl (P<0.001) with
treatment. The changes of other variables were not significant (P>0.05).
Conclusion: Treatment of OSA with CPAP has beneficial effects on blood
pressure and some items of lipid profile. Regarding the importance of metabolic
disturbances in OSA complications, choosing an appropriate treatment for OSA
patients can play an important role in improvement of patients status as well as
prevention of these complications.
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INTRODUCTION
In recent decades sleep disordered breathing, its
clinical

outcomes

and

high

outbreak

have

70 years have been reported with the mild-to-moderate

been

OSA (3). The syndrome can be remained unknown for long

increasingly considered as a major health problem (1).

period because these breathing disorders occur over night,

Obstructive Sleep Apnea (OSA) syndrome can

be

while their consequences reflect in individual performance

recognized through frequently recurrence of upper airway

and lead to reduced quality of life, increased sleep

obstruction during sleep. It can affect more than 5% of

arousals, oxygen desaturation and daily sleepiness as well

adults (2). About 13% of men and 6% of women, aged 30-

as cognitive disorders (4-6).
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According

to

literature,

impaired

High

Density

MATERIALS AND METHODS

Lipoproteins (HDL) function and oxidized Low Density

In this cross sectional study, we initially included all

Lipoproteins (LDL) levels are more common in OSA

patients referred to Bamdad Respiratory and Sleep

patients compared to controls (7). Also, OSA patients are

Research Center in Isfahan during March 2017 to

often suffering from metabolic disorders including obesity,

September 2017 for evaluation of OSA. Using Cochran's

insulin

dyslipidemia,

sample size formula to calculate the optimal number of

hyperglycemia and increased Fasting Blood Sugar (FBS)

sampling with 95% confidence interval, a power of the test

(8).

of 80%, OSA prevalence of 0.35 and the type I error rate of

resistance,

hypertension,

Also, these are generally identified as metabolic

syndrome and OSA may be considered as a manifestation

Inclusion criteria included:

of metabolic syndrome (9).
The night Polysomnography (PSG) is the gold standard
test to diagnose OSA. In order to evaluate OSA, recording
of

parameters

through

PSG

including

Electroencephalography (EEG), Electrooculography (EOG),
Electrocardiography

(ECG),

0.05, we estimated a sample size of 35.

oximetry

and

the

measurements of airflow as well as respiratory activities, is
done (10).

age ≥18 years, Apnea–

Hypopnea Index (AHI) ˃5, having consent to participate in
the study, and agree with using CPAP therapy as the main
treatment (if approved by physician). The patients with
inherited hypercholesterolemia or hyperglycemia, or those
who had taken antihypertensive or lipid-lowering drugs
within the recent month were excluded. All patients were
highly suspicious of OSA based on STOP-Bang and
Epworth Sleepiness Scale (ESS) questionnaires. After

Continuous Positive Airway Pressure (CPAP) therapy

screening, standard overnight-attended PSG was done

is the main and selective therapy for OSA and known as

using polysomnography device (SOMNOmedics GmbH,

the first-line treatment (11). The CPAP therapy can help

Randersacker, Germany). In standard polysomnography

resolve respiratory airway obstructions, daily sleepiness as

EEG, ECG, EOG, chin electromyogram, oronasal airflow,

well as improvement in quality of life (12, 13). The CPAP

oxygen saturation by pulse oximetry, thoracic, abdominal

therapy may affect serum lipids positively (14-16).

and leg movements were recorded. Scoring was done

Recently, it has been considered as a hypothesis that

according to American Academy of Sleep Medicine

resolving recurrent hypoxia and sympathetic stimulation

(AASM) 2015 guideline.
Based on AHI in PSG, patients with OSA are

can result in improved lipid profile (17).
Numerous studies have reported decreased systolic
and diastolic blood pressure during CPAP (18, 19),
although there are conflict results suggesting the effect of
CPAP therapy on other metabolic syndrome components
such as insulin resistance (20) and lipid profile (21).
Hence, the effect of CPAP therapy on metabolic
syndrome components in OSA patients has remained

categorized to mild (5˂AHI≤15), moderate (15˂AHI≤30),
and severe (AHI˃30).
Patients with OSA (AHI˃5) were assigned to the study
using

simple

randomization.

We

recorded

their

demographic characteristics. Clinical parameters including
blood pressure, FBS, Triglycerides (TG), Cholesterol (Chol),
HDL, and LDL were measured and recorded.
After titration for at least 4 hours including supine

unclear. Taking into account high prevalence of OSA in

position and Rapid Eye Movement (REM) stage, all OSA

adults,

metabolic

patients underwent CPAP therapy and trained on how to

syndrome components and sleep disorders of breathing as

use the device. They were asked to use CPAP therapy, on

well as various results of CPAP studies; the current study

average 4-7 hours per day for 8 weeks and afterwards they

aimed to evaluate the effect of CPAP therapy on blood

should present again at the center to evaluate their lipid

glucose and serum lipids in OSA patients.

profile, FBS, and blood pressure.

recognized

association

between
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Statistical analysis

The weight of the patients before and after the

Finally, the collected data were analyzed with SPSS

treatment

were

80.66±15.41

and

80.01±18.68

kg,

(ver. 22). Qualitative and quantitative data were expressed

respectively (P=0.784). Although mean systolic and

as frequencies (percentages) and Mean ± SD (standard

diastolic blood pressures and mean LDL showed a

deviation). Given the findings of Kolmogorov–Smirnov

significant decrease and mean HDL showed a significant

test rejected normality of the distribution, we applied
Wilcoxon test to compare the effect of CPAP on study
parameters. In all analyses, we used a significant level of
<0.05.

increase post-CPAP compared to pre-CPAP (P<0.001), no
significant change was observed in other study parameters
including FBG, TG, and Chol (P>0.05). Comparison of OSA
patients with different severity showed that overall
changes in blood pressure and lipid parameters were

Ethical consideration
This research project was approved scientifically by the
Research Committee of Isfahan University of Medical

greater in severe OSA patients than moderate OSA
patients, except for total cholesterol (Table 2).

Sciences and ethically by the Ethic Committee of the

Table 2. Comparison of blood and lipid parameters in OSA patients, pre and post

University (Ethic code 395718). Also, it was registered in

CPAP

the Iranian Registration System with IRCT20170826038N16
Variables

before starting participant recruitment.

Systolic Blood

RESULTS

Pressure (mmHg)

The current study included 35 OSA patients [24 men
(68.6%)], with mean age 45.58±8.02 years, and mean AHI
45.57±17.51 events/h. The frequencies of patients with
moderate and severe OSA were 20 and 80%, respectively.
Also the mean duration of CPAP use was 4.70±0.96 hours

Diastolic Blood
Pressure(mmHg)

glucose (mg/dl)

per day (Table 1).
Triglycerides
(mg/dl)

Table 1. The basic characteristics of OSA patients
Characteristics

N(%)† or Mean(SD)*

Total cholesterol

Age; year

45.58(8.02)*

(mg/dl)

Sex

Male

24(68.6)†

Female

11(31.4)†

BMI; kg/m2

30.17(6.79)*
<30 kg/m2

18(51.4)†

≥30 kg/m

17(48.6)†

2

AHI; events/h

45.57(17.51)*
Mild OSA

0(0)†

Moderate OSA

7(20)†

Severe OSA

28(80)†

Duration of CPAP use; hours

4.70±0.96

AHI group: Mild OSA (5≤AHI˂15 events/h); moderate OSA
(15<AHI≤30 events/h); and severe OSA (AHI > 30 events/h).

After CPAP

Total

124.18±14.87

114.42±12.21

Moderate OSA

104.58±6.69

98.44±8.58

0.006

Severe OSA

129.08±12.01

118.42±9.41

<0.001

Total

82.46±10.25

78.97±9.50

<0.001

Moderate OSA

69.72±5.22

67.19±5.22

0.014

Severe OSA

85.64±8.58

81.92±7.97

<0.001

120.32±16.57

118.79±15.89

0.061

99.07±4.28

97.51±5.63

0.183

Severe OSA

125.64±13.98

119.86±13.33

0.081

Total

162.18±21.14

158.85±19.93

0.078

Moderate OSA

136.02±10.45

1426.44±19.18

0.086

Severe OSA

168.72±17.80

160.95±15.15

0.053

Total

326.65±17.13

335.94±29.85

0.105

Moderate OSA

301.71±14.20

337.31±28.54

0.013

Severe OSA

332.88±11.11

335.60±30.67

0.650

Total

34.02±2.18

34.77±2.34

<0.001

Moderate OSA

32.96±1.96

33.68±2.41

0.030

Severe OSA

34.28±2.19

35.04±2.28

<0.001

Total

119.52±15.48

113.25±17.56

<0.001

Moderate OSA

100.81±7.70

92.95±3.48

0.011

Severe OSA

124.19±13.24

118.32±15.89

<0.001

Total

Fasting blood

HDL(mg/dl)

LDL(mg/dl)

P

Before CPAP

Moderate OSA

value
<0.001

Moreover, the effect of CPAP therapy on blood
pressure

and

BMI≥30

kg/m2

BMI<30

kg/m2
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lipid

parameters

was

(Figure 1).

more

of

than

patients

with

patients

with
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patients in terms of Body Mass Index (BMI), it clarified that
CPAP therapy was more effective in obese patients than
others. The CPAP therapy was more effective in TG and
total cholesterol of patients with BMI ≥30 kg/m2 than those
with BMI <30 kg/m2 and it had still led to improvements
of HDL and LDL in both groups of patients.
Ishida et al. reported that using CPAP therapy for
moderate and severe OSA patients showed no positive
effect on inflammatory markers and adiponectin (30).
Figure 1. Comparison of blood pressure, FBS and lipid parameters in OSA
patients in terms of BMI, pre and post CPAP. (*: P value<0.05; **: P value<0.01)

Another study indicated improvements in the modulation
of lipidemic factors following adjustment of agents such as
obesity and OSA severity (14). Indeed, many studies have

DISCUSSION

mentioned existence of the association of OSA and obesity

The results suggested CPAP therapy of OSA patients

with dyslipidemia or metabolic syndrome components (8,

for 8 weeks statistically led to a significant increase in HDL

14, 31, 32); accordingly, effects of this therapy can be

level and a significant decrease in LDL. On the other hand,

associated with clinical characteristics of patients. As a

Cholesterol, TG and FBG showed no considerable

conclusion, it may be assumed that resolving recurrent

improvement.

hypoxia and sympathetic stimulation of patients could be

Considering the controversial results in previous

accompanied with improvements in lipid profile (17).

studies, the effect of CPAP therapy on lipid profile should

Furthermore, the results of current study suggested

be clarified. Some studies have pointed out extraordinarily

considerable decreases in systolic and diastolic blood

significant increases in lipid and serum lipoprotein levels

pressure levels. In this regard, there is a great deal of

induced by CPAP or Bi-level Positive Airway Pressure

evidence in humans and animals indicating the association

(BiPAP) therapy (15). On the other hand, others suggested

between OSA and hypertension (33, 34). Hypertension in

no change in lipid profile of patients after one night (22),

OSA patients is known as a multifactorial phenomenon

two nights (23) and/or four months (24) of treatment.

and may be associated with factors such as sympathetic

Sharma et al. suggested no significant improvement in

overactivity, systemic inflammation, oxidative stress,

lipid profile of patients after 3 months using CPAP therapy

vasoactive

(25) and similarly another study reported the same result

dysfunction (35).

endogenous

factors,

and

endothelial

after 12 weeks (26). However, some studies demonstrated

In line with this study, the role of CPAP therapy for 4, 6

the positive effects of CPAP therapy on lipids of patients

or 8 weeks in improvements of systolic and/or diastolic

(21, 27-29). Therefore, taking into account the different

blood pressure has been widely reported (18, 19, 22). But in

results of studies with various durations, it is doubtful if

contrary, many investigators have considered CPAP

changes in lipid profiles only depend on short-term or

therapy as a slightly effective treatment in their meta-

long-term therapies. It is seemed that confounding factors

analysis studies, despite significant effects of CPAP

such as obesity, physical activity and OSA severity of

therapy on lipid profile of patients (36-38). It may be noted

patients in different studies can play the important role.

that CPAP therapy can decrease blood pressure with

Only total cholesterol level showed a significant

reducing endothelial inflammation and oxidative stress in

increase in moderate OSA patients. Following division of

OSA (39). But it can be stated that this effect depends on
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the duration of treatment, and hence, no significant

REFERENCES

decrease in blood pressure has been recognized in some

1.

Chokroverty S, Ferini-Strambi L, editors. Oxford textbook of
sleep disorders. Oxford University Press; 2017.

studies.
Some limitations in many previous studies as well as

2.

Peled N, Kassirer M, Shitrit D, Kogan Y, Shlomi D, Berliner

this study including short-term CPAP therapy, small

AS, Kramer MR. The association of OSA with insulin

sample size, uncontrolled physical activities and diets and

resistance, inflammation and metabolic syndrome. Respir Med

population characteristics of patients, can lead to no

2007;101(8):1696-701.

response to CPAP therapy. Accordingly, we attempted to

3.

Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The

use CPAP for all patients using a uniform protocol and to

occurrence of sleep-disordered breathing among middle-aged

ensure that no patient has taken antihypertensive or lipid-

adults. N Engl J Med 1993;328(17):1230-5.

lowering drugs. It requires further studies with larger

4.

Riha RL, Diefenbach K, Jennum P, McNicholas WT;

sample sizes and longer periods of treatment as well as

Management Committee, COST B26 Action on Sleep Apnoea

controlled diet and physical activity. Also, further studies

Syndrome. Genetic aspects of hypertension and metabolic

can evaluate the effect of CPAP therapy on OSA patients

disease in the obstructive sleep apnoea-hypopnoea syndrome.

with and without metabolic syndrome in order to respond

Sleep Med Rev 2008;12(1):49-63.

to questions such as whether early CPAP therapy, before

5.

Molnar MZ, Szentkiralyi A, Lindner A, Czira ME, Szabo A,

development of disease or metabolic syndrome, can be

Mucsi I, Novak M. High prevalence of patients with a high

more effective in lipid profile and levels of blood pressure

risk for obstructive sleep apnoea syndrome after kidney

(metabolic syndrome components) or not?

transplantation--association with declining renal function.
Nephrol Dial Transplant 2007;22(9):2686-92.

CONCLUSION

6.

Technical Considerations and Clinical Aspects: Springer New

The results indicated that CPAP can be effective in

York; 2017.

improvement of systolic and diastolic blood pressure levels
of patients and it can result in increased HDL as well as

Chokroverty S. Sleep Disorders Medicine: Basic Science,

7.

Alzoghaibi MA, Bahammam AS. The effect of one night of

decreased LDL significantly. However, changes in other

continuous positive airway pressure therapy on oxidative

lipid parameters were insignificant. The effect of this

stress and antioxidant defense in hypertensive patients with

therapy was more obvious in obese patients (BMI ≥30

severe obstructive sleep apnea. Sleep Breath 2012;16(2):499-

kg/m2) than others, but it showed no significant difference
between patients with moderate OSA and those with
severe OSA. So, CPAP therapy could have preventive

504.
8.

Obstructive sleep apnea and the metabolic syndrome in

effect on cardiovascular complications in addition to

community-based Chinese adults in Hong Kong. Respir Med

treatment of OSA.

2006;100(6):980-7.
9.

Acknowledgement
I also place on record, my sense of gratitude to one and
all, who directly or indirectly, have lent their hand in this
venture.

Lam JC, Lam B, Lam CL, Fong D, Wang JK, Tse HF, et al.

Bonsignore MR, Eckel J. ERS Meeting Report. Metabolic
aspects of obstructive sleep apnoea syndrome. Eur Respir Rev
2009;18(112):113-24.

10. Flemons WW, Buysse D, Redline S, Pack A, Strohl K, Wheatley
J,

Conflicts of interest
There are no conflicts of interest

et

al.

Sleep-related

breathing

disorders

in

adults:

recommendations for syndrome definition and measurement
techniques in clinical research. Sleep 1999;22(5):667-89.

Tanaffos 2019; 18(2): 126-132

Asgari A, et al. 131

11. Malhotra A, Ayas NT, Epstein LJ. The art and science of

21. Robinson GV, Pepperell JC, Segal HC, Davies RJ, Stradling JR.

continuous positive airway pressure therapy in obstructive

Circulating cardiovascular risk factors in obstructive sleep

sleep apnea. Curr Opin Pulm Med 2000;6(6):490-5.

apnoea: data from randomised controlled trials. Thorax

12. Giles TL, Lasserson TJ, Smith BH, White J, Wright J, Cates CJ.
Continuous positive airways pressure for obstructive sleep
apnoea

in

adults.

Cochrane

Database

Syst

Rev

2006;(3):CD001106.

2004;59(9):777-82.
22. S K, C B, A S, K R. Effect of Short Term CPAP Therapy in
Obstructive Sleep Apnea Patients with Metabolic Syndrome. J
Clin Diagn Res 2015;9(4):CC07-10.

13. Gordon P, Sanders MH. Sleep.7: positive airway pressure

23. Singh TD, Patial K, Vijayan VK, Ravi K. Oxidative stress and

therapy for obstructive sleep apnoea/hypopnoea syndrome.

obstructive sleep apnoea syndrome. Indian J Chest Dis Allied

Thorax 2005;60(1):68-75.

Sci 2009;51(4):217-24.

14. Kono M, Tatsumi K, Saibara T, Nakamura A, Tanabe N,

24. Drager LF, Bortolotto LA, Figueiredo AC, Krieger EM, Lorenzi

Takiguchi Y, et al. Obstructive sleep apnea syndrome is

GF. Effects of continuous positive airway pressure on early

associated with some components of metabolic syndrome.

signs of atherosclerosis in obstructive sleep apnea. Am J Respir

Chest 2007;131(5):1387-92.

Crit Care Med 2007;176(7):706-12.

15. Börgel J, Sanner BM, Bittlinsky A, Keskin F, Bartels NK,

25. Sharma SK, Agrawal S, Damodaran D, Sreenivas V,

Buechner N, et al. Obstructive sleep apnoea and its therapy

Kadhiravan T, Lakshmy R, et al. CPAP for the metabolic

influence high-density lipoprotein cholesterol serum levels.

syndrome in patients with obstructive sleep apnea. N Engl J

Eur Respir J 2006;27(1):121-7.

Med 2011;365(24):2277-86.

16. Can M, Açikgöz S, Mungan G, Bayraktaroğlu T, Koçak E,

26. Hoyos CM, Killick R, Yee BJ, Phillips CL, Grunstein RR, Liu

Güven B, et al. Serum cardiovascular risk factors in

PY. Cardiometabolic changes after continuous positive airway

obstructive sleep apnea. Chest 2006;129(2):233-7.

pressure for obstructive sleep apnoea: a randomised sham-

17. Hedner J, Darpö B, Ejnell H, Carlson J, Caidahl K. Reduction

controlled study. Thorax 2012;67(12):1081-9.

in sympathetic activity after long-term CPAP treatment in

27. Steiropoulos P, Tsara V, Nena E, Fitili C, Kataropoulou M,

sleep apnoea: cardiovascular implications. Eur Respir J

Froudarakis M, et al. Effect of continuous positive airway

1995;8(2):222-9.

pressure treatment on serum cardiovascular risk factors in

18. Durán-Cantolla J, Aizpuru F, Montserrat JM, Ballester E,
Terán-Santos J, Aguirregomoscorta JI, et al. Continuous
positive

airway

pressure

as

treatment

for

patients with obstructive sleep apnea-hypopnea syndrome.
Chest 2007;132(3):843-51.

systemic

28. Cuhadaroğlu C, Utkusavaş A, Oztürk L, Salman S, Ece T.

hypertension in people with obstructive sleep apnoea:

Effects of nasal CPAP treatment on insulin resistance, lipid

randomised controlled trial. BMJ 2010;341:c5991.

profile, and plasma leptin in sleep apnea. Lung 2009;187(2):75-

19. Arias MA, García-Río F, Alonso-Fernández A, Mediano O,

81.

Martínez I, Villamor J. Obstructive sleep apnea syndrome

29. Phillips CL, Yee BJ, Marshall NS, Liu PY, Sullivan DR,

affects left ventricular diastolic function: effects of nasal

Grunstein RR. Continuous positive airway pressure reduces

continuous positive airway pressure in men. Circulation

postprandial

2005;112(3):375-83.

randomized, placebo-controlled crossover trial. Am J Respir

20. Harsch IA, Schahin SP, Radespiel-Tröger M, Weintz O,

lipidemia

in

obstructive

sleep

apnea:

a

Crit Care Med 2011;184(3):355-61.

Jahreiss H, Fuchs FS, et al. Continuous positive airway

30. Ishida K, Kato M, Kato Y, Yanagihara K, Kinugasa Y, Kotani

pressure treatment rapidly improves insulin sensitivity in

K, et al. Appropriate use of nasal continuous positive airway

patients with obstructive sleep apnea syndrome. Am J Respir

pressure decreases elevated C-reactive protein in patients with

Crit Care Med 2004;169(2):156-62.

obstructive sleep apnea. Chest 2009;136(1):125-129.

Tanaffos 2019; 18(2): 126-132

132 Effect CPAP Therapy on Serum Lipids and Blood Pressure in OSA

31. Sharma SK, Kumpawat S, Goel A, Banga A, Ramakrishnan L,

36. Haentjens P, Van Meerhaeghe A, Moscariello A, De Weerdt S,

Chaturvedi P. Obesity, and not obstructive sleep apnea, is

Poppe K, Dupont A, et al. The impact of continuous positive

responsible for metabolic abnormalities in a cohort with sleep-

airway pressure on blood pressure in patients with obstructive

disordered breathing. Sleep Med 2007;8(1):12-7.

sleep apnea syndrome: evidence from a meta-analysis of

32. Newman AB, Nieto FJ, Guidry U, Lind BK, Redline S,
Pickering TG, et al. Relation of sleep-disordered breathing to
cardiovascular disease risk factors: the Sleep Heart Health
Study. Am J Epidemiol 2001;154(1):50-9.

placebo-controlled randomized trials. Archives of Internal
Medicine 2007;167(8):757-64.
37. Bazzano LA, Khan Z, Reynolds K, He J. Effect of nocturnal
nasal continuous positive airway pressure on blood pressure

33. Peppard PE, Young T, Palta M, Skatrud J. Prospective study of
the association between sleep-disordered breathing and
hypertension. N Engl J Med 2000;342(19):1378-84.

in obstructive sleep apnea. Hypertension 2007;50(2):417-23.
38. Alajmi M, Mulgrew AT, Fox J, Davidson W, Schulzer M, Mak
E, et al. Impact of continuous positive airway pressure therapy

34. Lavie P, Herer P, Hoffstein V. Obstructive sleep apnoea

on blood pressure in patients with obstructive sleep apnea

syndrome as a risk factor for hypertension: population study.

hypopnea: a meta-analysis of randomized controlled trials.

BMJ 2000;320(7233):479-82.

Lung 2007;185(2):67-72.

35. Pedrosa RP, Krieger EM, Lorenzi-Filho G, Drager LF. Recent

39. Jelic S, Le Jemtel TH. Inflammation, oxidative stress, and the

advances of the impact of obstructive sleep apnea on systemic

vascular endothelium in obstructive sleep apnea. Trends

hypertension. Arq Bras Cardiol 2011;97(2):e40-7.

Cardiovasc Med 2008;18(7):253-60.

Tanaffos 2019; 18(2): 126-132

