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Abstract  

Background and Objective: Higher concentration of systemic inflammatory markers is reported in patients with 
obstructive sleep apnea (OSA). Levels of inflammatory markers may be associated with severity of OSA. Objective of 
this study was to evaluate the correlation between level of inflammation markers and OSA severity. 

Materials and Methods: Fifty six patients with symptoms and signs of OSA free of prevalent medical conditions includ-
ing cardiovascular disease, diabetes mellitus, and hypertension were recruited in this study. Full night polysomnography 
(PSG) was performed for all the study participants. Participants’ blood samples were taken to analyze serum concentrations of 
C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) in the morning after PSG. 

Results: The mean age of participants was 40.32 ± 10.78 years with mean body mass index (BMI) of 28.72 ± 4.96 kg/m2. 
46 participants (82%) were male. Based on Apnea/Hypopnea Index (AHI), 43 participants (76%) had AHI ≥ 5. Signifi-
cant difference was found between serum CRP levels in patients with and without OSA (P = 0.03). However, no signif-
icant association was observed in terms of ESR levels between the study groups. After adjustment for age, BMI, neck 
circumference, and heart rate, CRP had no significant difference between the two study groups. In linear regression 
model, only BMI was correlated with CRP. 

Conclusion: This study indicated that BMI is an independent risk factor for elevation of CRP in patients with OSA. 
Further researches are needed to explore the effects of sleep-related hypoxia on inflammatory serum markers. 

© 2016 Tehran University of Medical Sciences. All rights reserved. 
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Introduction 1 

Obstructive sleep apnea (OSA) is a common 
sleep disorder caused by partial or total obstruction 
of upper respiratory airway (1-3). The recurrent 
episodes of apnea or hypopnea in OSA lead to noc-
turnal hypoxia (4, 5). Several studies report that 
intermittent nocturnal hypoxia can stimulate in-
flammatory pathways and lead to cardiovascular 
disorders (1, 5, 6). There are variable biomarkers 
like C-reactive protein (CRP) and erythrocyte sed-
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imentation rate (ESR) as indices of systemic in-
flammation for prediction of future cardiovascular 
events (1, 6-9). CRP is a member of the pentraxin 
protein family and is an important marker of endo-
thelial dysfunction in the pathogenesis of cardio-
vascular diseases (10). 

CRP is reported to be elevated in patients with 
OSA (4, 11-14) and may be related to the severity 
of the syndrome based on the Apnea/Hypopnea 
Index (AHI) (4, 12, 13). 

OSA is very common in obese subjects. Obesi-
ty is suggested to be a pro-inflammatory state; so 
it is difficult to dissociate the role of obesity from 
the OSA (1, 15, 16).  

Some studies believe that there is correlation 
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between CRP levels and AHI in patients with 
OSA (17, 12). In present study, we evaluated the 
association between OSA and serum inflammato-
ry markers (CRP and ESR). 

Materials and Methods 

In this cross-sectional study, 56 consecutive 
subjects were selected based on study inclusion 
criteria from June 2013 to 2014. Inclusion criteria 
were as history of sleep disorders except narcolep-
sy, periodic leg movement syndrome (PLMS), and 
central apnea.  

Exclusion criteria included the history of infec-
tious upper airway disorders, acute or chronic in-
fection, cerebrovascular or cardiovascular events, 
upper airway surgery, hypertension, diabetes melli-
tus, hyperlipidemia, alcohol consumption, autoim-
mune or endocrine dysfunction, malignancy, asth-
ma and other pulmonary disorders.  

Written consent form was obtained from each 
study participant. The study was approved in Eth-
ics Committee of Tehran University of Medical 
Sciences, Iran. 

At first, all of inclusion criteria were evaluated 
by means of face-to-face interview considering 
OSA symptoms. Then, participants were asked to 
complete two validated questionnaires for sleep 
disorders including Epworth Sleepiness Scale 
(ESS) and STOP-BANG (Snoring, Tiredness, Ob-
served apnea, Blood Pressure, Body Mass Index, 
Age, Neck circumference, Gender) questionnaire 
(18). All the subjects underwent polysomnography 
(PSG). Demographic characteristics including age, 
sex, level of education, history of smoking, and 
alcohol consumption were asked. Body mass index 
(BMI) (kg/m2), neck circumference (cm), blood 
pressure (mmHg) and heart rate (beat/minute) were 
measured. In the morning after PSG, inflammation 
markers (CRP and ESR) were measured.  

OSA was diagnosed with a full-night PSG 
evaluating physiological and respiratory variables; 
apnea and hypopnea were scored using American 
Academy of Sleep Medicine guidelines (AASM) 
(19). After PSG reporting, participants were di-
vided into two groups based on their AHI (those 
with AHI ≥ 5 was categorized into OSA group 
and the ones with AHI < 5 into Non-OSA group. 

PSG Measurement 
Study participants underwent full-night PSG 

(Sandman computerized sleep system). The fol-
lowing variables were systematically monitored, 
electroencephalogram (EEG) (C3/A2, C4/A1, O1/A2, 

and O2/A1), body position, electrooculogram 
(EOG), and chin and leg electromyogram. Respi-
ration was monitored using nasal cannula pressure 
transducer system, mouth thermistor, respiratory 
plethysmography and pulse oxymetry. PSG was 
performed with video monitoring and taping. 
Then, variables were analyzed based on recom-
mendations of AASM guidelines (19). 

Measurement of CRP and ESR 
Venous blood sample was collected just after 

awakening and processed within the next 60 
minutes. Finally, the patients were divided into 
two groups based on PSG results, patients with OSA 
(AHI ≥ 5) and the ones without OSA (AHI < 5). 
The apnea severity measures included AHI, an 
index of apnea and hypopnea per hour of sleep. 
AHI < 5 was considered normal, 5-14 as mild 
OSA, 15-29 as moderate, and ≥ 30 as severe OSA. 

Metabolic factors [fasting blood sugar (FBS), tri-
glyceride (TG), cholesterol, low-density lipoprotein 
(LDL), and high-density lipoprotein (HDL)], and 
thyroid hormones were assessed via blood sampling 
to rule out study exclusion criteria. 

Statistical analysis 
We used t and chi-square tests for the analysis 

of dependent variables and evaluation of demo-
graphic characteristics between the two study 
groups. Besides, analysis of variance (ANOVA) 
was performed for comparisons of dependent var-
iables between the patients with OSA based on 
severity of disease.  

We used linear regression analysis for evalua-
tion of confounding factors. 

Except CRP levels, all of the dependent varia-
bles had normal distribution. Thus, we used log of 
CRP levels instead of CRP levels. SPSS software 
version 17 (SPSS Inc., Chicago, IL, United States) 
was used for data analysis. P value > 0.05 was 
considered as statistically significant. 

Results 

The study sample consisted of 56 participants 
with mean age of 40.32 ± 10.78 years and mean 
BMI of 28.72 ± 4.96 kg/m2. Of 56 subjects, 46 
(82.14%) were male. Table 1 shows demographic 
characteristics of the study groups.  

Mean serum CRP and ESR levels were normal 
in all subjects (6.55 ± 8.73 mg/dl, and 9.40 ± 7.96, 
respectively). 

Table 1 shows the demographic characteristics 
of study participants. 
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Table 1. Demographic characteristics of study participants 
Variable Group [Mean ± SD] P value 

 OSA  Non-OSA  
Age (Year) 41.09 ± 1.74 37.76 ± 2.27 0.330 
BMI (kg/m2) 29.95 ± 4.77 24.95 ± 3.51 0.001 
Neck circumference 
(cm) 

40.04 ± 3.10 36.83 ± 3.12 0.030 

 n (%) n (%)  
Sex Male 38 (88) 8 (62) 0.001 

Female 5 (12) 5 (38) 
Smoking+ 20 (83.3) 4 (16.7) 0.350 

OSA: Obstructive sleep apnea; BMI: Body mass index 
n = 43 for OSA and n= 13 for Non-OSA group. 

 
Table 2 compares PSG variables be-

tween the case and control groups. There 
were no significant differences in terms of 
polysomnographic variables between the 
two groups except the minimum oxygen 
saturation rate (%) during total sleep time.  

 
Table 2. Polysomnography variables of study participants 

Variable Group [Mean ± SD] P value 

 OSA  Non-OSA 
Mean of SaO2 (%) 92.13 ± 3.84 93.86 ± 2.01 0.120 
Minimum of SaO2 (%) 77.44 ± 1.06 88.5 ±  3.2 0.001 
SE 78.40  ± 1.35 73.00  ± 16.53 0.230 
Time SaO2 < 90% 16.80 ± 26.1 5.46 ± 15.7 0.143 
TST 412 ± 82 401 ± 108 0.680 

OSA: Obstructive sleep apnea; SaO2: Oxygen saturation; SE: Sleep 
efficiency; TST: Total sleep time 
n = 43 for OSA and n= 13 for Non-OSA group. 

 
Serum CRP levels were significantly higher in 

patients with OSA vs. the ones without OSA  
(P < 0.05). No significant correlation was ob-
served in terms of ESR levels between the two 
study groups (Table 3).  

Table 3 shows serum levels of ESR and CRP 
in study groups based on severity  
of OSA. 

 
Table 3. Mean of CRP and ESR in normal subjects and pa-

tients with mild, moderate, and severe OSA 
Variable Mean of CRP Mean of ESR 
Non OSA 0.33 ± 0.52 10.38 ± 5.62 
Mild OSA 0.49 ± 0.21 9.66 ± 9.68 
Moderate OSA 0.64 ± 0.34 7.66 ± 8.31 
Severe OSA 0.69 ± 0.50 9.69 ± 8.80 
P value 0.216 0.800 

CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate;  
OSA: Obstructive sleep apnea 

After adjusting confounders in linear regres-
sion model, we did not find any statistically sig-
nificant differences between CRP and OSA based 
on AHI. 

Otherwise, BMI was significantly related to 
CRP (R2 = 25%, P = 0.040).   

We observed the higher score of STOP and 
STOP-BANG in patients with OSA. 

Discussion 

The results of current study showed that serum 
CRP levels were higher in the patients with severe 
OSA. After adjustment of confounding factors, 
only BMI had significant association with serum 
CRP levels. This finding was similar to studies 
that showed the serum CRP level is associated 
with BMI in patients with OSA (4, 20). However, 
some studies has revealed this association to be 
BMI-independent (12, 18, 21, 22). It seems that 
elevation of systemic inflammation markers is 
present in overweight and obese persons. 

Current results showed correlation between 
OSA severity and CRP levels, but the relationship 
was not statistically significant. This finding is 
consistent with Chung et al. study (4). However, 
some studies have showed significant association 
between OSA and serum concentration of CRP 
(12, 13, 17). 

BMI may be an important risk factor in eleva-
tion of CRP level other than severity of OSA. 
Thus, it is suggested to conduct further studies 
among groups with different BMI values to reveal 
the role of AHI in elevation of serum inflammato-
ry markers.  

Along with other reports, current study did not 
find any significant difference in terms of ESR 
levels between study groups and also subgroups 
of patients with OSA. 

Serum ESR levels were significantly higher in 
female patients which may be due to effect of sex 
on serum ESR level (6, 23). Current study showed 
that CRP and ESR were not associated with PSG 
variables, except Minimum SaO2% and high level 
of CRP (22). 

In this study, we observed the higher score of 
STOP and STOP-BANG in patients with OSA.   

STOP-BANG is highly sensitive measure for 
OSA screening (24) and could be considered as a 
powerful tool for stratifying patients in the diag-
nosis of OSA (25). 

Scores of ESS was higher in the OSA group 
consistent with previous studies (22, 26). Daytime 
napping may be associated with increased CRP 
levels (27).   

Neck circumference was significantly higher in 
OSA group in current study. Neck circumference 
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and retroglossal space are reported to have signif-
icant correlation with OSA (28, 29). Results 
showed that BMI was also higher in the OSA pa-
tients. Consistent with previous studies, we ob-
served significant association between BMI and 
severity of OSA based on AHI (26, 30). 

Body weight gain accelerates the progression of 
OSA or increases the severity of disease from 
moderate to severe (31, 32). Weight loss also is 
reported to reduce the severity of OSA (33). 

Conclusion 

In this study, significant increase of serum CRP 
level with BMI was observed in all patients. Some 
previous studies also have showed this finding (4, 
34, 35). The associations between inflammatory 
markers and subclinical atherosclerosis may merely 
reflect the strong associations between BMI and 
the levels of inflammatory markers (36). 

Further studies are needed to explore the role 
of inflammatory markers in association of pro-
gression or severity of OSA disease. 

Conflict of Interests 

Authors have no conflict of interests. 

Acknowledgments 

The authors would like to thank the staff of 
Occupational Sleep Research Center, Baharloo 
Hospital, Tehran University of Medical Sciences, 
Tehran, Iran, and study participants for their kind 
collaboration. 

References 

1. Unnikrishnan D, Jun J, Polotsky V. Inflamma-
tion in sleep apnea: an update. Rev Endocr Metab Dis-
ord 2015; 16: 25-34. 

2. Ryan S, McNicholas WT. Intermittent hypoxia 
and activation of inflammatory molecular pathways in 
OSAS. Arch Physiol Biochem 2008; 114: 261-6. 

3. Kosacka M, Korzeniewska A, Jankowska R. 
The evaluation of body composition, adiponectin, C-
reactive protein and cholesterol levels in patients with 
obstructive sleep apnea syndrome. Adv Clin Exp Med 
2013; 22: 817-24. 

4. Chung S, Yoon IY, Shin YK, et al. Endothelial 
dysfunction and C-reactive protein in relation with the 
severity of obstructive sleep apnea syndrome. Sleep 
2007; 30: 997-1001. 

5. Friedman M, Samuelson CG, Hamilton C, et al. 
Effect of continuous positive airway pressure on C-
reactive protein levels in sleep apnea: a meta-analysis. 

Otolaryngol Head Neck Surg 2012; 147: 423-33. 
6. Yardim-Akaydin S, Caliskan-Can E, Firat H, et 

al. Influence of gender on C-reactive protein, fibrino-
gen, and erythrocyte sedimentation rate in obstructive 
sleep apnea. Antiinflamm Antiallergy Agents Med 
Chem 2014; 13: 56-63. 

7. Mills PJ, Natarajan L, von Kanel R, et al. Diur-
nal variability of C-reactive protein in obstructive sleep 
apnea. Sleep Breath 2009; 13: 415-20. 

8. Kheirandish-Gozal L, Capdevila OS, Tauman 
R, et al. Plasma C-reactive protein in nonobese chil-
dren with obstructive sleep apnea before and after ade-
notonsillectomy. J Clin Sleep Med 2006; 2: 301-4. 

9. Ridker PM, Hennekens CH, Buring JE, et al. C-
reactive protein and other markers of inflammation in 
the prediction of cardiovascular disease in women. N 
Engl J Med 2000; 342: 836-43. 

10. Kuo HK, Yen CJ, Chang CH, et al. Relation of 
C-reactive protein to stroke, cognitive disorders, and 
depression in the general population: systematic review 
and meta-analysis. Lancet Neurol 2005; 4: 371-80. 

11. Tauman R, Ivanenko A, O'Brien LM, et al. Plasma 
C-reactive protein levels among children with sleep-
disordered breathing. Pediatrics 2004; 113: e564-e569. 

12. Gozal D, Kheirandish-Gozal L, Bhattacharjee 
R, et al. C-reactive protein and obstructive sleep apnea 
syndrome in children. Front Biosci (Elite Ed) 2012: 
2410-22. 

13. Lui MM, Lam JC, Mak HK, et al. C-reactive pro-
tein is associated with obstructive sleep apnea independ-
ent of visceral obesity. Chest 2009; 135: 950-6. 

14. Shamsuzzaman AS, Winnicki M, Lanfranchi P, 
et al. Elevated C-reactive protein in patients with ob-
structive sleep apnea. Circulation 2002; 105: 2462-4. 

15. Bhushan B, Guleria R, Misra A, et al. Obstruc-
tive sleep apnoea correlates with C-reactive protein in 
obese Asian Indians. Nutr Metab Cardiovasc Dis 2009; 
19: 184-9. 

16. Kokturk O, Ciftci TU, Mollarecep E, Elevated 
C-reactive protein levels and increased cardiovascular 
risk in patients with obstructive sleep apnea syndrome. 
Int Heart J 2005; 46: 801-9. 

17. Visser M, Bouter LM, McQuillan GM, et al. El-
evated C-reactive protein levels in overweight and 
obese adults. JAMA 1999; 282: 2131-5. 

18. Chung F, Yegneswaran B, Liao P, et al. STOP 
questionnaire: a tool to screen patients for obstructive 
sleep apnea. Anesthesiology 2008; 108: 812-21. 

19. American Academy of Sleep Medicine. Interna-
tional classification of sleep disorders. 2nd ed. Washing-
ton, DC: American Academy of Sleep Medicine, 2005. 

20. Guven SF, Turkkani MH, Ciftci B, et al. The re-
lationship between high-sensitivity C-reactive protein 
levels and the severity of obstructive sleep apnea. 
Sleep Breath 2012; 16: 217-21. 

21. Guilleminault C, Kirisoglu C, Ohayon MM. C-
reactive protein and sleep-disordered breathing. Sleep 
2004; 27: 1507-11. 



F. Tardast, et al. 

 

J Sleep Sci, Vol. 1, No. 3, 2016 119 
 

http://jss.tums.ac.ir 

22. Punjabi NM, Beamer BA. C-reactive protein is 
associated with sleep disordered breathing independent 
of adiposity. Sleep 2007; 30: 29-34. 

23. Min JY, Jang JY, Kim HY, et al. A relationship 
between the obstructive sleep apnea syndrome and the 
erythrocyte sedimentation rate. Clin Exp Otorhino-
laryngol 2009; 2: 126-30. 

24. Banhiran W, Durongphan A, Saleesing C, et al. 
Diagnostic properties of the STOP-Bang and its modi-
fied version in screening for obstructive sleep apnea in 
Thai patients. J Med Assoc Thai 2014; 97: 644-54. 

25. Reis R, Teixeira F, Martins V, et al. Validation 
of a Portuguese version of the STOP-Bang question-
naire as a screening tool for obstructive sleep apnea: 
Analysis in a sleep clinic. Rev Port Pneumol (2006) 
2015; 21: 61-8. 

26. Ruangkana P, Chinvarun Y, Udommongkol C, 
et al. Excessive daytime sleepiness and obstructive 
sleep apnea in Thai epileptic patients. J Med Assoc 
Thai 2014; 97: S175-S180. 

27. Leng Y, Ahmadi-Abhari S, Wainwright NW, et 
al. Daytime napping, sleep duration and serum C reac-
tive protein: a population-based cohort study. BMJ 
Open 2014; 4: e006071. 

28. Davies RJ, Stradling JR. The relationship be-
tween neck circumference, radiographic pharyngeal 
anatomy, and the obstructive sleep apnoea syndrome. 
Eur Respir J 1990; 3: 509-14. 

29. Mortimore IL, Marshall I, Wraith PK, et al. Neck 

and total body fat deposition in nonobese and obese pa-
tients with sleep apnea compared with that in control 
subjects. Am J Respir Crit Care Med 1998; 157: 280-3. 

30. Chen X, Pensuksan WC, Lohsoonthorn V, et al. 
Obstructive sleep apnea and multiple anthropometric 
indices of general obesity and abdominal obesity 
among young adults. Int J Soc Sci Stud 2014; 2: 89-99. 

31. Peppard PE, Young T, Palta M, et al. Longitu-
dinal study of moderate weight change and sleep-
disordered breathing. JAMA 2000; 284: 3015-21. 

32. Newman AB, Foster G, Givelber R, et al. Pro-
gression and regression of sleep-disordered breathing 
with changes in weight: the Sleep Heart Health Study. 
Arch Intern Med 2005; 165: 2408-13. 

33. Barvaux VA, Aubert G, Rodenstein DO. 
Weight loss as a treatment for obstructive sleep ap-
noea. Sleep Med Rev 2000; 4: 435-52. 

34. Kao TW, Lu IS, Liao KC, et al. Associations 
between body mass index and serum levels of C-
reactive protein. S Afr Med J 2009; 99: 326-30. 

35. Baba MM, Balogun MO, Kolawole BA, et al. 
Relationship between C-Reactive Protein and Body 
Mass Index in Nigerians with Type II Diabetes Melli-
tus. Niger J of Clin Med 2012; 4. 

36. Nagasawa SY, Ohkubo T, Masaki K, et al. As-
sociations between Inflammatory Markers and Subclin-
ical Atherosclerosis in Middle-aged White, Japanese-
American and Japanese Men: The ERA-JUMP Study. J 
Atheroscler Thromb 2015; 22: 590-8. 

 


