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ABSTRACT 
 

Background: Obstructive sleep apnea (OSA) is a breathing disorder. Intermittent hypoxia, central nervous system 
stimulation and intrathoracic pressure changes of OSA initiate oxidative stress and systemic inflammation. Inflammation 
is the central part of atherogenic process and patients with OSA have higher levels of inflammatory biomarkers.  
Aim: To compare the nonspecific inflammatory markers of cardiovascular risk in obese male population with and without 
OSA. 
Study design: Comparative Cross Sectional Study   
Methods: Sixty four male subjects were recruited for this. Thirty two in group I (Obese Male with Obstructive Sleep 
Apnea) and thirty two in group II (Obese Male without Obstructive Sleep Apnea). After taking informed consent, they 
were screened for OSA by using Berlin questionnaire, stop bang questionnaire and overnight pulse oximetry. Six ml 
blood sample was taken by using aseptic technique for estimation of complete blood count by haematology analyser. P- 
value < 0.05 was considered statistically significant. 
Results: Comparison of both WBC related and RBC related haematological markers showed statistically non significant 
results. 
Conclusion: Non specific haematological markers are not raised in obese otherwise healthy subjects with OSA. 
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INTRODUCTION 
 

Obstructive sleep apnea (OSA) is a sleep related breathing 
disorder. It is associated with complete or incomplete 
difficulty in airflow in spite of an ongoing effort to breathe 
because of relaxation of the pharyngeal muscles. These 
frequent apnea episodes result in oxygen desaturation, 
sleep fragmentation and excessive daytime sleepiness1.  

OSA has been associated with many adverse outcomes 
like hypertension, obesity, diabetes mellitus and cardiac 
abnormalities2. The risk factors for OSA are obesity, age, 
gender, menopause, craniofacial abnormalities, smoking, 
alcohol use, and family history3. Obesity, a low grade 
systemic inflammation, is related with endothelial 
dysfunction. Sleep apnea also increases systemic 
inflammation in obese individuals and increase the risk of 
cardiovascular disease in obese individuals with OSA4. 

OSA pathophysiology has not been fully explained. It 
is suggested that repeated hypoxia episodes of OSA leads 
to the development of low grade systemic inflammation and 
oxidative stress. It is also responsible for altered 
inflammatory, metabolic and immune responses. According 
to literature low grade chronic inflammation within 
microvasculature play an important role in OSA related 
cardiovascular problems5. Hence, detection of inflammatory 
markers in OSA may be helpful for cardiovascular risk 
prediction in OSA subjects. Inflammation is the basis of 
atherosclerosis and OSA patients have raised levels of 
inflammatory markers. White blood cell count (WBC) in the 
circulation has been considered as one of a few biomarkers 
for cardiovascular risk prediction. In literature relationship 
between WBC count and fatal coronary artery disease 
have been noted but still controversy exist. It provides 
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assessment of  inflammatory status but its predictive ability 
has not been fully explored6. Raised white blood cell count 
is strong in predicting coronary risk in patients of both 
genders, whether they have coronary disease or not7. 
Neutrophil Lymphocyte Ratio (NLR) is a new indicator of 
subclinical inflammation both in cardiac and non cardiac 
disorders8. Increased hermatocrit in OSA can also 
contribute to cardiovascular risk9. Red blood cell 
Distribution Width (RDW), a measure of the variability in 
size of the circulating erythrocytes, is related with 
cardiovascular comorbidities10. 

Pakistan offers a good opportunity to study the risk of 
cardiovascular diseases in relation to OSA.  
 

MATERIALS AND METHODS 
 

A cross-sectional comparative study was carried out at 
Physiology Department Postgraduate Medical Institute, 
Lahore. The study involved 64 obese males comprising of two 
groups 
Group I Obese males with obstructive sleep apnea (n = 32) 
Group II Obese males without obstructive sleep apnea (n=32) 
All male & female patient between age :20 – 45 years having 
BMI more than  25kg/m2  were included in the study. 
Exclusion Criteria  

 Any acute febrile illness or infection at the time of 
recruitment 

 History of (H/O) upper respiratory tract infection within 
past four week  

 H/O chronic inflammatory disease  

 H/O chronic anxiolytic or sedative use  

 H/O chronic respiratory diseases like asthma, COPD  

 Smoking   

 Alcoholism  
After subject selection, written informed consent of the 
volunteer subjects was taken on a consent proforma. 
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Obstructive Sleep Apnea (OSA) screening: All subjects who 
met the inclusion criteria were screened for obstructive sleep 
apnea by three screening tools:  
i. Berlin Questionnaire  
ii. STOP BANG Questionnaire 
iii. Overnight portable pulse oximetry (Spirodoc pulsox) was 
done on all subjects whether they were high risk or low risk 
according to questionnaires and those subjects were included 
in obstructive sleep apnea group who had ≥4% ODI 5-15 
events/hour. 
Blood collection: By using aseptic technique six ml of blood 
sample was drawn from antecubital vein after 10 – 12 hours of 
fasting. It was dispensed into purple top EDTA vial for CBC. 
White blood cell count(WBC) & hematocrit  
White blood cell counts (WBC) and Hematocrit were measured 
using automated hematology analyzer(Sysemex hematology 
analyzer) performed at the clinical laboratory of the Lahore 
general hospital. 
Normal Range: WBCs 4- 11 × 103/ cu mm (Barret et al., 2010) 
Measurement of NLR: Neutrophil lymphocyte ratio (NLR) was 
calculated as a simple ratio between the absolute neutrophil 
and lymphocyte count. Both neutrophil and lymphocyte were 
obtained from the same automated blood sample. Neutrophil 
lymphocyte ratio was computed for each subject. 
Normal Range: 0.78- 3.53 (Forget et al., 2017) 
Statistical analysis: The data was entered and analyzed 
using IBM-SPSS version 22. The data was checked for normal 
distribution by Kolmogorov Smirnov test. Normally distributed 
variables were presented by mean ± standard deviation. 
Median IQR was taken for non-normally distributed quantitative 
variables. Independent Sample 't-test' was applied to compare 

normally distributed quantitative variables between the two 
groups. Mann Whitney U test was applied to compare non- 
normally distributed quantitative variables between the two 
groups. A p value of < 0.05 was considered  statistically 
significant 
 

RESULTS 
 

We measured and compared simple, inexpensive easily 
available cardiovascular risk markers WBC, NLR , hematocrit, 
RBC, RDW and hemoglobin between obese males with and 
without OSA. Comparison of white cell related parameters in 
Table 1 show non significant results and comparison of RBC 
related hematological parameters in Table 2 also show 
statistically non significant results. Comparison of white blood 
cell related hematological parameters between the study 
groups 
 
Table.1 Comparison of White blood cell related hematological 
parameters between the study groups 

Variables Group I Group II p- value 

WBCsb (per 
cubic mm) 

7.7±1.8d 6.9±1.3d 0.060 

NLRa 1.56(1.39 –.89)c 1.39(1.1–1.9)c 0.265 

Values are given as  median (IQR)c  and  mean ± SDd 

a Comparison by Mann- Whitney U test 
b Comparison by Independent Sample "t-test" 
p< 0.05 is considered significant 
WBC: White Blood Cells 
NLR:  Neutrophil Lymphocyte Ratio 

 
Comparison of Red Blood cell related hematological parameters among study population 
Table.2 Comparison of Red Blood Cell related hematological parameters among study population 

Variables Group I Group II p- 
value 

RBCsb (per cubic mm) 4.77±0.41 4.7±0.68d 0.65 

Hemoglobinb(g/dl) 14.04 ± 0.97 13.98 ± 0.81d 0.76 

RDWb 12.76 ± 0.82 13.22  ± 1.58d 0.153 

Hematocrita (%) 42.3 (40.6 – 43.3)c 42.8 (40.0 – 44.2)c 0.804 

Values are given as  median (IQR)c  and  mean ± SDd 

a Comparison by Mann- Whitney U test,     b Comparison by Independent Sample "t-test" 
RBC: Red Blood Cell,        RDW: Red cell Distribution Width 
p< 0.05 is considered significant 

 

DISCUSSION 
 

The variables used in this study are simple and inexpensive. A 
universally available test Complete Blood Count (CBC) can be 
used for cardiovascular risk prediction. 

Cardiovascular disease is one of the greatest cause of 
death globally. Many factors increase the risk of cardiovascular 
disease(CVD) and obesity is one of them. Obstructive sleep 
apnea (OSA) also increases the risk of CVD. This study has 
been done to find out whether simple, inexpensive 
hematological markers are more in obese with OSA than 
obese without OSA. 

Obstructive sleep apnea is a low level inflammation that 
exist both at systemic and tissue level.11Local inflammation is a 
strong predictor of endothelial health. The total number of 
WBCs and each subtype have been reported as predictors of 
Coronary Heart Disease. All blood cells are involved almost in 
the development and progression of atherosclerosis12. 

The leukocyte count has emerged as a marker of 
inflammation and its raised levels are predictor of future 
cardiovascular events.13 Though higher values of WBC's within 
normal range are present in group I but the present study has 
failed to show statistically significant difference of WBC (p= 

0.060) between the groups. Increase leukocyte count affects 
CHD through several pathological mechanisms that cause 
inflammation, oxidative and proteolytic damage to the 
endothelial cells, increase coagulation, thrombosis and 
infarction.14 Neutrophil lymphocyte ratio(NLR) of peripheral 
blood is another indicator of systemic inflammation as well as 
coronary artery disease and its risk.15 Our study has shown no 
significant results for NLR (p= 0.265). The results are 
consistent with a study which has reported that NLR is not 
reflective of the severity level of systemic inflammation in OSA 
subjects16. 

Hematocrit plays an important role in blood coagulability 
because of its effect on blood viscosity and platelet 
aggregation. Hypoxic individuals frequently have increased 
hematocrit.17 Increased blood coagulability due to changes in 
rheological properties of blood is an important factor linking 
OSA and cardiovascular complications18. OSA subjects have 
increased hematocrit levels because of hypoxia and there is 
positive correlation of hematocrit with OSA severity.19 Current 
study fails to show statistically considerable difference 
(p=0.804) of hematocrit between the study groups. Our results 
are similar with a study in which hematocrit was not raised in 
patients with OSA20. There are controversial results for 
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hematocrit in OSA. Some studies have reported increased 
hematocrit in OSA and its positive correlation with disease 
severity 19 but  Reinhart et al in 2002 found no relation between 
hematocrit and severity of OSA21. Recently hematocrit is 
labelled as a useful marker of response to Continuous Positive 
Airway Pressure (CPAP) treatment in OSA22. 

In the present study RBC related hematological 
parameters are also studied. we found a considerably non 
significant result for Red Blood Cells(RBC) ( p = 0.65) and 
Hemoglobin (0.76). But the mean value of hemoglobin(14.04 ± 
0.97) is higher in obese with OSA group as compared to obese 
without OSA (13.98 ±0.81). Our results are in line with a study 
conducted by Radhika G., et al in USA, in which they have 
also found out negative result for polycythemia in patients of 
OSA.23 The low prevalence of polycythemia may be attributed 
to neocytolysis, wherein transition from sustained hypoxia to 
normoxia leads to overcorrection of polycythemia due to 
transient expansion of mitochondria-generating reactive 
oxygen species, with preferential destruction of young red cells 
made in hypoxia.24  In literature many researchers have 
observed erythropoiesis which is characterized by increase in 
number of red blood cells, increase in hemoglobin and red cell 
distribution width in patients of OSA.22 The persistent RDW 
increase in cardiovascular diseases has been attributed to the 
effective stimulation of erythropoiesis by erythropoietin (EPO), 
a hormone secreted during hypoxic events, which promotes 
the release of enlarged RBCs from bone marrow25. During 
OSA there are multiple episodes of hypoxia which leads to 
increase in erythropoietin release and thus cause 
erythropoiesis, hence increasing the risk of CVD in patient of 
OSA.26 But the present study fails to show significant results 
for RDW (p= 0.153). A community cohort study in Taiwan also 
concluded that elevated RDW values are associated with 
increased risk of mortality but not with the development of 
cardiovascular disease in general population27. 

In short, present study fails to show significant difference 
of nonspecific, simple inexpensive hematological variables in 
obese young otherwise healthy male population with OSA. 

 

CONCLUSION 
 

Nonspecific hematological markers (WBC, NLR, Hematocrit, 
RBC, hemoglobin, RDW) are not significantly different between 
the two study groups. 
Conflict of interest: Declared none 
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