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Introduction
Obstructive sleep apnea is common and affects 2 to 26% in women 

and 4 to 49 % in men worldwide.1 Several factors have been proposed 
to address these sex-differences, such as upper airway anatomy, fat 
distribution and testosterone levels.2 Diagnosis of OSA is made when 
AHI is >5 events/hour of sleep and OSA severity is classified upon 
AHI value into mild (>5 and <15 events/hour), moderate (≥15 and 
≤30 events/hour) and severe (>30 events/hour).3 However, OSA is a 
modifiable CVD risk factor.4 

Obstructive sleep apnea is closely associated to obesity5 and 
systemic inflammation and oxidative stress markers are closely 
related to incidence of cardiovascular diseases.6,7 In addition, there 
is an association between increased risk of cardiovascular disorders 
and OSA.8–11

Abnormal levels of inflammatory cytokines include C-reactive 
protein (CRP), interleukin-6 (IL-6), interleukin-8 (IL-8), and 
tumor necrosis factor a (TNF-α) in obesity are related to increased 
cardiovascular risk.12–14 In addition, increased levels of adhesive 
molecules include intercellular adhesion molecule-1 (ICAM-1) 
and vascular cell adhesion molecule-1 (VCAM-1), E-selectin and 
P-selectin are associated with cardiovascular disease and obesity.15,16

The aim of this study was to detect the association between OSA 
and biomarkers of inflammation and adhesion molecules that may be 
useful in medical screening for OSA.

Patients and methods
Subjects 

Sixty-five volunteer subjects were interviewed; only 64 of them 
met eligibility criteria, signed the consent form to participate in the 
study and completed the detailed evaluation at the Sleep Unit of 
the Internal Medicine Department at King Abdul Aziz University 
Hospital. Participants were enrolled between May 2016 and 
September 2016. Scientific research ethical committee of the Faculty 
of Applied Medical Sciences, King Abdulaziz University approved 
this study. Their age ranged from 28-53 years and their body mass 
index (BMI) ranged from 30 to 40 kg/m2. While, the exclusion criteria 
were pregnant women, liver disease, smoking, diabetes mellitus, renal 
disease, respiratory infection, endocrine disease, thyroid diseases, 
patients with body mass index ≥40 kg/m2 and subjects taking any 
medications or herbal supplements. A cardiologist conducted an 
initial clinical examination for all participants who were enrolled into 
two groups according to value of AHI into two groups: Group (A) 
consisted of 27 obese subjects with AHI ≥5 events/hour and group (B) 
consisted of 38 obese subjects with AHI <5 events/hour.

Measurements

For all subjects, independent assessors who were blinded to group 
assignment and not involved in the routine treatment of the patients 
performed clinical evaluations and laboratory analysis. Body mass 
index (BMI) was calculated on the basis of weight (kilograms) and 
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Abstract

Background: Obstructive sleep apnea (OSA) is recognized as a major public health issue, 
as it has a significant influence on the incidence and prognosis of cardiovascular diseases. 

Objective: This study was designed to detect the association between OSA and biomarkers 
of inflammation and adhesion molecules that may be useful in medical screening for OSA. 

Methods: Sixty-five volunteer subjects were interviewed. However, only 64 of them met 
eligibility criteria. Their age ranged from 28-53 years and their body mass index (BMI) 
ranged from 30 to 40 kg/m2. All participants who were enrolled into two groups according 
to value of Apnea–hypopnea index (AHI) into two groups: Group (A) consisted of 27 obese 
subjects with AHI ≥5 events/hour and group (B) consisted of 38 obese subjects with AHI 
<5 events/hour. 

Results: The mean values of Tumor necrosis factor -alpha (TNF-α), Interleukin-6 (IL-6), 
C-reactive protein (CRP), Apnea–hypopnea index (AHI), Oxygen desaturation index (ODI), 
glucose, insulin, Homeostasis Model Assessment-Insulin Resistance Index (HOMA-IR), 
Inter-Cellular Adhesion Molecule (ICAM-1), Vascular Cell Adhesion Molecule (VCAM-
1) and E-selectin were significantly higher in group (A) than in group (B). However, the 
AHI and ODI showed a strong direct relationship with TNF-α,Il-6, CRP, glucose, insulin, 
HOMA-IR, ICAM-1,VCAM-1 and E-selectin in group (A). 

Conclusion: Obese subjects with OSA are associated with systemic inflammation, insulin 
resistance and elevated values of adhesive molecules.

Keywords: obstructive sleep apnea, obesity, adhesive molecules, cytokines, insulin 
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height (meters), and subjects were classified as normal weight (BMI 
18.5–24.9 kg/m2), overweight (BMI 25-29.9 kg/m2), and obese 
(BMI≥30 kg/m2). In addition, between 07:30 and 09:00, after an 
overnight fast of 12 h fasting blood sample was drawn. Plasma glucose 
concentration and insulin were determined (Roche Diagnostics 
GmbH, Mannheim, Germany) using commercially available assay 
kits. Insulin resistance was assessed by homeostasis model assessment 
(HOMA-IR). HOMA-IR = [fasting blood glucose (mmol/l) -   fasting 
insulin (mIU/ml)]/22.5.17

Sleep recordings and daytime sleepiness (Polysomnography): 
Embletta system (Flaga, Reykjavik, Iceland) of the Sleep Unit of 
the Internal Medicine Department at King Abdul Aziz University 
Hospital was the polysomnography that was used as sleep recording 
system. Finger pulse oximetry was used to have recordings of oxygen 
saturation continuously overnight. Both apnea and hypopnea were 
recorded to calculate apnea hypoapnea index (AHI). In addition, the 
number of dips 4% of basal SaO2%/hour (oxygen desaturation index 
[ODI]) was measured.18

Measurement of biomarkers of endothelial function: Biomarkers 
of endothelial function includes inter-cellular adhesion molecule 
(ICAM-1), vascular cell adhesion molecule (VCAM-1) and E-selectin 
that were measured from frozen serum samples stored at -80°C. 
Enzyme-linked immunosorbent assays (ELISAs) were used to 
measure soluble levels of E-selectin, ICAM-1 and VCAM-1 (R&D 
Systems, France). 

Measurement of inflammatory cytokines: Venous blood samples 
after a 12-hours fasting were centrifuged at + 4 °C (1000 = g for 
10 min). Interleukin-6 (IL-6) levels were analyzed by “Immulite 2000 
” immunassay analyzer (Siemens Healthcare Diagnostics, Deerfield, 

USA). However, tumor necrosis factor-alpha (TNF-α) and C-reactive 
protein (CRP) levels were measured by ELISA kits (ELX 50) in 
addition to ELISA microplate reader (ELX 808; BioTek Instruments, 
USA).

Statistical analysis

Independent “t” test was used to compare the investigated 
parameters between both groups (P<0.05). However, the degree of 
correlation between AHI, ODI,TNF-α,Il-6, CRP, glucose, insulin, 
HOMA-IR, ICAM-1,VCAM-1 and E-selectin was calculated with 
Pearson’s correlation coefficients (r).

Results
Detailed baseline characteristics of all participants were presented 

in Table 1. There was no significant difference for all characteristics 
in both groups (Table 1). 

The mean values of TNF-α, IL-6, CRP, AHI,ODI, glucose, insulin, 
HOMA-IR, ICAM-1, VCAM-1 and E-selectin were significantly 
higher in group (A) than in group (B) (Table 2). However, the AHI 
and ODI showed a strong direct relationship with TNF-α,Il-6, CRP, 
glucose, insulin, HOMA-IR, ICAM-1,VCAM-1 and E-selectin in 
group (A) (Table 3) (P <0.05).

BMI: Body Mass Index; TNF-α: Tumor Necrosis Factor -Alpha; 
IL-6: Interleukin-6; CRP: C-Reactive Protein; AHI: Apnea-Hypopnea 
Index; ODI: Oxygen Desaturation Index; HOMA-IR: Homeostasis 
Model Assessment-Insulin Resistance Index; ICAM-1:Inter-Cellular 
Adhesion Molecule; VCAM-1: Vascular Cell Adhesion Molecule; (*) 
indicates a significant difference, P<0.05. 

Table 1 Characteristics of all participants according to OSA diagnosis

Group (A) (no=27) Group(B) (no=38) Significance 

Age (year) 42.75±4.32 44.61±4.28 P>0.05

Gender (male/female) 20/17 23/15 P>0.05

BMI (kg/m2) 35.74 ± 2.81 35.65±3.16 P>0.05

Neck circumference (cm) 41.21 ± 3.21 39.88 ± 2.72 P>0.05

Waist circumference (cm) 110.35 ± 9.37 108.92 ± 9.25 P>0.05

Waist-to-hip ratio 0.92 ±0.05 0.84 ± 0.04 P>0.05

SBP (mmHg) 133.16 ± 9.18 130.14 ± 8.95 P>0.05

DBP (mmHg) 86.83 ± 5.47 84.26 ± 5.13 P>0.05

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HBA1c, glycosylated haemoglobin

Table 2 The mean value and the significance values of different parameters in both groups

Mean +SD Group (A) (no=27) Group(B) (no=38) T-Value Significance

TNF-α (pg/mL) 4.74 ± 1.47 3.11 ± 1.35* 5.22 P<0.05 

IL-6 (pg/mL) 2.58± 0.96 1.87 ± 0.88* 5.75 P<0.05 

CRP (pg/mL) 4.37 ± 1.25 2.43 ± 0.94* 5.17 P<0.05 

Apnea Hypopnea Index 20.76 ± 3.58 2.71± 0.43 6.25 P<0.05 

(events/h) 

Oxygen Desaturation 12.78 ±3.27 0.91± 0.17 6.22 P<0.05

index (events/h) 

Glucose (mg/dL) 91.73± 5.16 80.15± 3.12 7.18 P<0.05
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Mean +SD Group (A) (no=27) Group(B) (no=38) T-Value Significance

Insulin (mU/mL) 13.81± 1.43 10.29 ± 1.16 6.31 P<0.05

HOMA-IR 3.72 ± 0.68 2.48 ± 0.32 5.34 P<0.05

ICAM-1 (ng/ml) 94.17 ± 9.26 80.75 ± 7.41* 8.23 P<0.05 

VCAM-1 (ng /ml) 811.45 ± 28.42 728.21 ± 23.19* 12.18 P<0.05 

E-selectin (ng/ml) 16.87 ± 3.57 10.14 ± 2.82* 6.14 P<0.05 

Table 3 Correlation coefficient (r) of AHI, ODI, TNF-α, Il-6, CRP, glucose, insulin, HOMA-IR, ICAM-1, VCAM-1 and E-selectin in group (A)

Apnea Hypopnea Index (events/h) Oxygen desaturation Index (events/h)

TNF-α (pg/mL) 0.625* 0.743**

IL-6 (pg/mL) 0.712** 0.522*

CRP (pg/mL) 0.618** 0.547*

Glucose (mg/dL) 0.524* 0.646**

Insulin (mU/mL) 0.512** 0.611**

HOMA-IR 0.571* 0.719**

ICAM-1 (ng/ml) 0.514* 0.657** 

VCAM-1 (ng /ml) 0.723** 0.642** 

E-selectin (ng/ml) 0.517* 0.618*

Spearman’s correlation was used *: P < 0.05 **: P < 0.01

Table Continued...

Discussion
Circulating abnormal levels of inflammatory markers and adhesive 

molecules have been associated with future cardiovascular risk.19,20 
However, high risk of mortality and cardiovascular morbidity is 
associated with OSA.21,23 The principal findings of this study were 
that participants with OSA exhibited higher values of AHI,ODI,TNF-
α,Il-6, CRP, glucose, insulin, HOMA-IR, ICAM-1,VCAM-1 and 
E-selectin compared with those without OSA. However, in correlation 
analysis, AHI and ODI were positively and significantly associated 
with TNF-α, Il-6, CRP, glucose, insulin, HOMA-IR, ICAM-1, 
VCAM-1 and E- selectin, these findings are in line with many 
previous researches.

Concerning inflammatory markers, the results of the present study 
showed significantly higher values of TNF-α, Il-6 and CRP in group 
(A) than in group (B). In correlation analysis, TNF-α, Il-6 and CRP 
were significantly and directly associated with the AHI and ODI. Our 
findings are similar to many case-controlled researches demonstrated 
increased level of TNF-α in patient with OSA in comparison to 
controls, along with significant reduction in TNF-α value with CPAP 
therapy.24,26 Further studies proved that TNF-α level was increased in 
OSA.27,29 In addition, Dyugovskaya et al.30 stated that T- lymphocytes 
expressed isolated higher levels of TNF-α than control cells in OSA 
patients.30 However, Ohga et al.31 & Ryan et al.32 reported that both 
TNF-α and IL-8 increased in patients with OSAS which were reduced 
following CPAP.31,32 Similarly, Devouassoux et al.33 proved that OSAS 
led to excessive airway expression of IL-8 that potentially increased 
bronchial hyper-responsiveness in OSA subjects.33 In addition, several 
studies found positive associations between IL-6 levels and OSA.34–36 
Moreover, Montesi et al.37 reported that the levels of the inflammatory 
markers include CRP), IL-8, TNF-α and IL-6 were higher in OSA 
patients.37 However, Reyad et al.38 reported that there was a statistical 
positive correlation between TNF-α and AHI that measure the severity 
of OSA.38 Similarly, Minoguchi et al.39 stated that levels of IL-6 and 
IL-18 are greater in OSA patients than controls which are correlated 

with severity of OSA.39 In addition, Yokoe et al.40 mentioned that 
among 22 subjects with OSA, where the magnitude of CRP elevation 
was directly related to AHI in these patients.40 

Regarding the values of adhesive molecules, the results of the 
present study showed significantly higher values of ICAM-1, VCAM-
1 and E-selectin in in group (A) than in group (B). In correlation 
analysis, ICAM-1, VCAM-1 and E-selectin were significantly and 
directly associated with the AHI and ODI. Our findings agreed with 
Zamarrón-Sanz [41] reported that adhesive molecules were higher 
among 41 patients with OSA 82 male subjects than control group with 
the same sample size.41 In addition, Korzh et al.42 stated that the levels 
of VCAM-1, E-selectin, P-selectin, CRP, WBC count were higher 
in OSA patients than in control subjects.42 Similarly, several studies 
found direct significant relationship between adhesive molecules and 
severity of OSA measured by ODI and AHI.43–46 

Finally, results of the present study found significantly higher 
values of serum insulin, glucose and HOMA-IR in group (A) than in 
group (B). Moreover, OSA severity measured with AHI and ODI were 
directly and significant associated with insulin resistance, our results 
agreed with Ip et al.47 reported similar findings.47 However, Fleming 
et al.48 reported that 73 male subjects were enrolled; 26 had moderate/
severe OSA and concluded that elevated HbA1c, CRP have an even 
greater association with OSA severity.48 Moreover, Araújo Lda et 
al.10 conducted a cross-sectional study included 53 obese adults and 
reported that values of glucose, neck circumference and CRP were 
higher in OSA patients than control group, and in addition, insulin, 
neck circumference and HOMA-IR were positively and significantly 
associated with ODI in patients with OSA.10

Conclusion
The present study suggests that in obese subjects with OSA are 

associated with systemic inflammation, insulin resistance and elevated 
values of adhesive molecules.
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