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ABSTRACT: Obstructive sleep apnea (OSA) has been increasingly
linked with cardiovascular risk factors. Mechanisms such as increased
sympathetic activity and endothelial dysfunction have been implicated.
There are many factors which are responsible for the cardiovascular
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Events / hour. Out of 141 patients 110 were male (78.09%) and 31 were
female (21.98%). The mean age of male and female in the study
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population was 52.22±5.12 and 49.11±4.12 years respectively. The
average BMI for OSA patients was 31.48±6.8 kg / m2. A significant
association was found between AHI and BMI (r=0.195 and p<0.02).
Serum levels of CRP during baseline and after 6 months of nCPAP
treatment were compared. The mean values of CRP of the study
population were 8.45±4.30.32 mg/l. Our result also revealed that there
was a significant association between AHI and CRP (r=0.529, p<0.0001)
BMI (r=0.220, p<0.05). There was a significant difference between CRP
levels before and after six months of nCPAP treatment (p<0.05). The
present study confirmed that elevated serum CRP levels were most
commonly seen in obese obstructive sleep apneic patients. It also
suggests that elevated CRP levels can be decreased by nCPAP treatment.
INTRODUCTION: Obstructive sleep apnea (OSA) Markers of inflammation are increased in OSA;
is a significant public health problem characterized include CRP, TNF-α and other cytokines.
by repetitive episodes of upper airway occlusion Granulocytes CD4 and CD8 T cells show signs of
during sleep associated with sleep fragmentation, activation; their interaction with the endothelium
3
daytime
hypersomnolence,
and
increased may
promote
atherogenesis
.
Recent
1
cardiovascular risk . OSA has been increasingly epidemiological studies suggest that CRP is an
linked with vascular risk factors. Mechanisms such important risk factor in atherosclerosis and coronary
as increased sympathetic activity and endothelial artery disease 4. Inflammation in turn contributes to
dysfunction have been implicated. There are many oxidative stress by enhancing granulocyte superoxide
factors which are responsible for the cardiovascular production, an effect reversible by nCPAP (nasal
morbidity in OSA patients they are Obesity, C- continuous positive airway pressure) treatment.
reactive protein (CRP) and lipid profile 2.
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Resulting activation of the rennin-angiotensinaldosterone system contributes to hypertension.
Increased levels of fibrinogen involved in
inflammation lead to increased blood viscosity as a
co-factor for vascular complications. Platelet
activation and silent brain infraction have been
described in OSA as risk factor for stroke. Previous
studies found that circulating markers associated
with cardiovascular morbidity, such as highsensitivity C-reactive protein, homocysteine and
serum lipids, have been found to be elevated in
patients with OSA (4). Studies show that nCPAP
treatment reduces elevated CRP levels 5.
Patients and Methods:
Study Design: This prospective study was conducted
from May 2009 to September 2009 at Interventional
Pulmonology & Sleep Medicine department, Kovai
Medical Center and Hospital, Coimbatore, India.
Participants: Patient with excessive day time
sleepiness, heavy snoring, air obstruction,
breathlessness, and had never been treated for
OSA and were taking no medications were included
in the study and they underwent polysomnography.
Patients with other co morbidities were excluded.
This study protocol was approved by the Ethics
Committee of Kovai Medical Center and Hospital
and written informed consent was given by all
patients prior to enrolment.
Polysomnography: All enrolled subjects were
underwent an overnight sleep study started at 10 pm
and ended at 6 am with the use of a computerized
polysomnogram system (Somnologica). The surface
electrodes were applied using standard techniques
and following signals (EEG), Electrooculogram
(right & left): Submental electromyogram and
anterior tibialis electromyogram additionally, EEG
and heart rate were recorded simultaneously.
Snoring was recorded by a microphone placed at the
jugular vein, and airflow was recorded combined
oronasal thermistors, while arterial oxyhemoglobin
saturation was recorded by a finger pulse oximeter.
Thoracic cage and abdominal motion were recorded
by inductive plethysmography. Apnea was defined as
a complete cessation of air flow lasting >10s:
Hypopnea was defined as discernible fall in air flow
lasting ≥ 10s accompanied by a decrease in oxygen
saturation of atleast 3% or by an EEG-recorded
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arousal. Apnea Hypopnea Index (AHI) was defined
as the total number of apneas and hypopneas
occurring per hour of EEG sleep. Patients with pure
or mainly central apneas were excluded from the
study.
Patients and Predictive Factors: A total of 182
subjects underwent polysomnography and subjects
with Apnea Hypopnea Index ≥5 are considered as
OSAS and AHI<5 are Non-OSAS. In our study we
found that 141 subjects were obstructive sleep apnea
syndrome and 41 subjects were Non-OSAS. The
remaining 41 subjects with AHI<5 were excluded.
The BMI for each patient was obtained by dividing
weight in kilograms by height in meters squared.
Based on the world health organization for the South
East Asia region BMI ≥ 25kg / m2 were considered
as obese.
Biochemical Analysis: Venous blood samples were
collected at (8am to 10 am) the fasting state just after
polysomnography was performed. Then the samples
were centrifuged immediately at 3000g for 5 min.
After centrifugation the serum aliquots were frozen
and stored at –80°C. A serum level of CRP was done
by immunoturbidimetry assay.
RESULTS AND DISCUSSION: The study group
(n=141) was further categorized based on AHI as
Mild, Moderate and Severe. AHI 17.71% (31) had
mild OSA (AHI 5-14.9), 33.14% (24) had moderate
(AHI 15-29.9 Events / hour) and 49.14% (86) were
found to have severe OSA (AHI≥30). Average AHI
of each subjects was; Mild OSA 11.02±2.62 Events /
hour, Moderate OSA 22.48±3.90 Events / hour and
Severe OSA 55.12±21.04 Events / hour.
Evaluation of demographic data revealed that among
the 141 patients 110 were male (78.09%) and 31
were female (21.98%). The mean age of male and
female in the study population was 52.22±5.12 and
49.11±4.12 years respectively. The study identified
predominance of the disease in males. There is a high
prevalence of OSA in obese individuals. The average
BMI for OSA patients was 31.48±6.8 kg / m2.
Based on AHI as mild, moderate and severe OSA
groups had BMI’s of 30.79±7.48 kg / m2, 30.29±5.84
kg / m2 and 33.38±7.08 kg / m2 respectively. Among
the OSA patients only 10.85% (n=19) had Ideal
Body Mass Index (BMI), 29.71% (n=52) were
overweight and 59.42% (n=104) were obese.
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Obesity is potent risk factor for the development and
progression of sleep apnea 6. The finding in the
present study clearly indicates that most of the
patients having OSA were obese. The mean values of
oxygen saturation for the study population was
94.95±2.65 (%) and values for mild, moderate and
severe group were 95.52±1.96 (%), 95.76±2.41(%)
and 93.58±3.60 (%) respectively. The mean values of
oxygen desaturation events for the study population
was 29.52±20.62 / hour and values for mild,
moderate and severe group were 20.44±20.85 / hour,
19.20±12.80 / hour and 48.93±28.23 / hour
respectively.
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The mean values of snoring time for the study group
was 24.63±26.18 minutes and values of mild,
moderate and severe group were minutes,
20.99±26.51 minutes, 22.56±18.34 minutes and
30.36±33.71 minutes respectively. A total of 141
patients underwent nCPAP treatment. Levels of
CRP during baseline and after 6 months of therapy
were compared. The mean values of CRP of the
study population was 8.45±4.30.32 mg/l at baseline
and the values for the Mild, Moderate and Severe
groups at baseline were 7.45±3.91mg/l, 8.50±5.50
mg/l, 09.41±3.50 mg/l respectively (Table:1).

TABLE 1: CLINICAL AND POLYSOMNOGRAPHIC VARIABLES OF STUDY POPULATION
Mild
Moderate
Variables
OSA (n=31)
OSA (n=24)
AHI (events / hour)
11.02±2.62
22.48±3.90
2
BMI (kgs/m )
30.79±7.48
30.29±5.84
CRP (mg/L)
7.45±3.91
8.50±5.50
Average oxygen Saturation (%)
95.52±1.96
95.76±2.41
Oxygen desaturation (events / hour)
20.45±20.85
19.20±12.80
Snoring time (min)
20.99±26.50
22.56±18.34

Severe OSA
(n=86)
55.12±21.04
33.38±7.08
9.41±3.50
93.58±3.60
48.93±28.23
30.36±33.71

There was a significant difference in BMI’s of the
moderate versus severe group (p<0.004). A
significant association was found between AHI and
BMI (r= 0.195 and p<0.02) .
Our result also revealed that there was a significant
association between AHI and CRP (r= 0.529,
p<0.0001) (Figure 1 CRP and BMI (r= 0.220,
p<0.05) Figure 2, Table 2).
TABLE: 2 CORRELATION OF AHI WITH BMI & CRP
Variables
r value
p value
BMI (kgs/m2)

0.195*

CRP ( mg/L)
0.529*
*P<0.05 statistically significant

0.02
0.0001

FIGURE 1: CORRELATION OF AHI WITH CRP.
r=0.529, p<0.0001

FIGURE 2: CORRELATION OF CRP WITH BMI.
r=0.220, p<0.05

Previous studies in middle aged and elderly persons
have reported a positive association between BMI
and CRP concentration 4. Evaluation of the relative
strength of association using multiple regression
analysis between CRP and AHI, CRP and BMI
showed that CRP levels were independently
associated with AHI. There by obesity is also one of
the risk factor for elevated CRP levels in OSA
patients. CRP is thought to be an indication of
systemic
inflammation
associated
with
atherosclerosis. Obesity is additional triggering
factor with OSA in future cardiovascular events 7.
The baseline CRP level was 7.89±3.5 and after
nCPAP therapy 7.84±3.56 mg/l. There was a
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significant difference between CRP levels before and
after nCPAP therapy (p<0.05).
C - Reactive protein is another important risk factor
for the development of atherosclerosis8 C-reactive
protein is a sensitive marker of inflammation and
several studies have demonstrated an independent
relationship between OSA and elevated CRP levels
9,10
Elevated CRP levels in OSA patients are again
supported by Murat Can et al 11 and Sanders 12 MH,
who have the same observations. Elevated serum
CRP levels are independently correlated with the
severity of OSA. The present study shows the serum
level of CRP was elevated in patients with OSA than
in non OSA group. In the present study 66.28%
(n=116) of patients had elevated levels of CRP.
Elevated plasma levels of CRP in the concurrent
presence of the metabolic syndrome in subjects with
OSA.
This study was supported by Babak Amra et al 13. In
the present study, correlation was found between
CRP and AHI and CRP and BMI. The levels of CRP
significantly improved with nCPAP therapy.
Elevated levels of CRP were associated with
obstructive sleep apnea patients and reported in
several studies 14-17. A recent epidemiologic study
has shown that enhanced levels of CRP are strong
independent predictor of risk of future myocardial
infarction, stroke, peripheral arterial disease, and
vascular death among persons without known
cardiovascular disease 18. This is in confirmation
with other workers who have inferred that OSA is
associated with elevated levels of CRP, a marker of
inflammation and of cardiovascular risk.
Shamsuzzaman et al., reported elevated CRP levels
in patients with moderate and severe OSA. The
hypoxia and sleep disturbances in OSA may
contribute to elevated CRP in patients with OSA.
Several recent studies have indicated that CRP and
proinflammatory cytokines such as interleukin-6 are
elevated in OSA as well as obesity 11, Yoko 19,
Sanders 11, Carpag 20, Inoue 21 reported, that elevated
CRP concentrations are linked with increased
mortality due to coronary heart disease 22,23.
Inflammation is thought to play a major role in most
of these effects, often encountered in subjects with
OSA. It is quite common that OSA patients also
have the metabolic syndrome, wherein elevated
plasma CRP levels further increase the risk of
cardiovascular complications.
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Our finding shows that CRP may be an independent
risk factor in patients with mild to moderate OSA for
long term prognosis future cardiovascular events and
the treatment of OSA provides benefits to the
patients. In our study we observed decrease in CRP
levels in OSA patients after 6 months of nCPAP
therapy. In our study and in accordance with Yokoe
et al we support the idea that CPAP use decreases
serum CRP levels.
Results of Paul J. Mills et al 24 indicate that sleep
apnea patients have disproportionately elevated CRP
levels in the day versus night. Luciano F. Drager
investigated25 that OSA is independently associated
with increased inflammatory dysregulation (elevated
CRP levels.). Seockhon Chung et al 26 reported in
their study that elevated levels of CRP have
correlation with Apnea Hypopnea Index of
obstructive sleep apnea patients. Thus, obesity and
OSA are inflammatory states, as evidenced by
elevated levels of serum markers of systemic
inflammation.
CONCLUSION: The present study confirmed that
elevated serum CRP levels were most commonly
seen in obese obstructive sleep apneic patients.
Hence, OSA is associated with increased
cardiovascular risk, as reflected by elevated CRP
levels. It also suggests that elevated CRP levels can
be decreased by nCPAP treatment.
ACKNOWLEDGEMENTS: The study was
supported by Dr. Nalla G. Palaniswami and
Dr.Thavamani D Palaniswami, Kovai Medical
Center Research and Educational Trust, Coimbatore.
India. We are grateful to Dr.V.R. Pattabhi Raman
and Dr. Mahadevan, Department of Interventional
Pulmonology and Sleep medicine, Kovai Medical
Center and Hospital, Coimbatore, India. We would
like to thank the Department of Pharmacy Practice,
KMCH college of Pharmacy, Coimbatore, India for
their help and support at various stages of this
research.
REFERENCES

International Journal of Pharmaceutical Sciences and Research

1.

2.

Marin JM, Carrizo SJ, Vieenle E, Agusti AG: Long term
cardiovascular outcomes in men with obstructive sleep –
apnoea-hypopnea with or without treatment in continuous
positive airway pressure-An observational study. Lancet
2005; 365:1046-1053.
Judy L, Curtis and Donna M Jermain. Sleep Disorders, In
Joseph T Dipiro, Robert L. Talbert, Gary C Yee, Gary R
Matzake, Barbara G Wells, L Michael Posey.

1502

Kandasamy and Dharamsi, IJPSR, 2013; Vol. 4(4): 1499-1503.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Pharmacotherapy: A Pathophysiology approach, McGraw
Hill. 2002; 1327-1328.
Gozal D, and Kheirandish-gozal L: Cardiovascular morbidity
in obstructive sleep apnea: oxidative stress, inflammation,
and much more. Am J Respir crit care Med 2008; 177:36975.
Burke AP, Tracy RP, Kolodgie F: Elevated C-reactive
protein values and atherosclerosis in sudden coronary death:
association with different pathologies. Circulation 2002;
105:2019-23.
P.Steriopoulos, V. Tsara, E. Nena, C. Fitili, et al: Effect of
continuous positive airway pressure treatment on serum
cardiovascular risk factors in patients with obstructive sleep
Apnea-Hypopnea Syndrome. Chest2007; 132: 843-851.
Vijayakumar A, Abhay D, Geetha K: Obesity and
cardiovascular risk factors in obstructive sleep apnea
syndrome: A Cross-sectional study. IJPTP 2011; 2(1): 34-38.
C. Cuhadaroglu, A. Utkusavas, L. Ozturk, Serpil Salman et
al: Effects of Nasal CPAP treatment on Insulin Resistance,
Lipid profile and plasma leptin in sleep apnea. Lung
2009;187:75-81.
M.M. Knorst , F. J. Fabricio de Barros Souza, D. Martinez:
obstructive sleep apnea-hypopnea syndrome: Association
with gender, obesity and sleepiness related factor. J Bras
Pneumol 2008; 34: 490-96.
Ridker PM: Clinical application of CRP for cardiovascular
disease detection and prevention. Circulation 2003;107 (3):
363-9.
M. Can, S. Acikgoz, G.Mungan, T. Bayraktaroglu et al:
Serum Cardiovascular Risk factors in Obstructive Sleep
Apnea Chest 2006;129:233-237.
Sanders MH: Elevated Plasma C-reactive protein and
increased cardiovascular/cerebrovascular risk in sleep apnea
patients. Article reviewed elevated C-reactive protein in
patients with obstructive sleep apnea. Sleep medicine 2009;
3:449-50.
B. Amra, E. Karbasi, M. Hashemi et al: Endothelial
dysfunction in patients with OSA independent of metabolic
syndrome. Ann Aead Med 2009; 38:461-4.
Vgontzas AN, Bixter EO, Chrousos GP: Sleep apnea is a
manifestation of the metabolic syndrome. Sleep Medicine
2005; 9: 211-224.
Frohlich M, Imhofa, Berg G, Hutchinson WL, Pepys MB:
Association between C-reactive protein and features of the
metabolic syndrome: a Population based study. Diabetes
Care 2000; 23: 1835-1839.
Saletu M, Nosiska D, Kapfhammer G, Lalouscheck W,
Saletu B: Structural and serum surrogate markers of
cerobrovascular disease in obstructive sleep apnea:

ISSN: 0975-8232

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

association of mild OSA with early atherosclerosis. J Neurol
2006;253: 746-752.
Oflaz H, Cuhadaroglu C, Pamuckur B, Meric M, Ece et al:
Endothelial function in patients with obstructive sleep apnea
syndrome but without hypertension. Respiration 2006; 73:
751-756.
Ridker PM. High-sensitivity C-reactive protein: Potential
adjunct for global risk assessment in the primary prevention
of cardiovascular disease. Circulation 2001;103:1813-1818.
Yokoe T, Minoguchi K, Matsuo H: Elevated levels of Creactive protein and interleukin-6 in patients with obstructive
sleep apnea syndrome are decreased by nasal continuous
positive airway pressure. Circulation 2003; 107:1129.
Carpagnano GE, Kharitonov SA, Resta O, FoschinoBarbaro MP, Gramiccioni E, Barnes PJ: Increased 8-isoprostane and interleukin-6 in breath condensate of OSA
patients. Chest 2001;122: 1162-7.
Inoue K, Tokano H, Yoshikawa T : Interlekin-6, obstructive
sleep apnea and obesity. Chest 2003;124: 1621-2.
Kuller Lh, Tracy RP, Shaten J, Meilahn EN: Relation of creactive protein and coronary heart disease in the nested
case-control study. Am J Epidemiol 1996;144: 537-547.
Harris Tb, Ferrucci L, Tracy RP, Corti MC, Wacholder S,
Ettinger WH JR, Heimovitz H, Cohen HJ, Wallace R:
Associations of elevated interleukin-6 and c-reactive protein
levels with mortality in the elderly. Am J Med
1999;106:506-512.
Luciano F. Drager, Luiz A. Bortolotto, Adelaide C.
Figueiredo, Eduardo M. Krieger and Geraldo Lorenzi-Fliho :
Effects of continuous positive airway pressure on early signs
of atherosclerosis in obstructive sleep apnea. Am J Respir
Crit Care Med 2007; 176:706-712.
Paul J. Mills, Loki Natarajan, Roland Von Kanel. Sonia
Ancoli Israel, Joel E. Dimsdale: Diurnal variability of Creactive protein in obstructive sleep apnea. Sleep Breath
2009;13: 415-420.
Luciano F. Drager, Heno F. Lopes, Cristiane Maki-Nunes,
Ivani C. Trombetta, Edgar Toshi-Dias, Maria Janierie N.N.
Alves, Raffael F. Fraga, Jonathan C. Jun, Carlos E. Negrao,
Eduardo M, Krieger, Vsevolod Y. Polotsky, Geraldo
Lorenzi-Filho: The impact of obstructive sleep apnea on
metabolic and inflammatory markers in consecutive patients
with metabolic syndrome PLOSONE 2010; 5 (8): 1-8.
S. Chung, Y. Yoon, Y. Shin, C.H Lee, J. W. Kim, H. J Ahin:
Endothelial dysfunction and inflammatory reactions of
elderly dysfunction and inflammatory reactions of elderly
and middle-aged men with obstructive sleep apnea
syndrome. Sleep breath 2009; 13: 11-17.

How to cite this article:
Kandasamy G and Dharamsi A: Impact of nasal continuous positive airway pressure on C - reactive protein in Obstructive Sleep
Apnea patients. Int J Pharm Sci Res 2013; 4(4); 1499-1503.

International Journal of Pharmaceutical Sciences and Research

1503

