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Abstract. Obstructive sleep apnea syndrome (OSAS) is 
known to be a risk factor for atherosclerosis (AS), derived 
from a series of chronic inflammatory reactions caused by 
hypoxia. However, the association between chronic inflam-
mation and high blood pressure caused by hypoxia remains 
to be fully elucidated. The aim of the present study was to 
investigate the effect of continuous positive airway pressure 
(CPAP) therapy on inflammatory cytokines and AS. A total of 
100 patients with OSAS and 50 healthy control subjects were 
enrolled. Fresh venous blood samples were collected prior 
to and following a 3‑months period of CPAP treatment. The 
inflammatory factors, interleukin (IL)‑18 and tumor necrosis 
factor (TNF)‑α, C‑reactive protein (CRP), intercellular 
cell adhesion molecule 1 (ICAM‑1), vascular cell adhe-
sion molecule 1 (VCAM‑1), E‑selectin and P‑selectin, were 
detected using standard enzyme‑linked immunosorbent assay 
kits. Intima‑media thickness (IMT), brachial‑ankle pulse 
wave velocity (Ba‑PWV), apnea‑hypopnea index (AHI) and 
transcutaneous oxygen saturation (SpO2) were also detected 
to compare differences prior to and following treatment. The 
results showed that, compared with the pre‑treatment data, the 
expression levels of IL‑8, TNF‑α, CRP, ICAM‑1, VCAM‑1, 
E‑selectin and P‑selectin were significantly decreased 
following treatment (P<0.05). The AHI, IMT, blood pressure 

and Ba‑PWV values were significantly decreased (P<0.05), 
and the SpO2 was increased (P<0.05). Taken together, by 
comparing the pre‑ and post‑intervention data, it was confirmed 
that inflammatory factors were involved in the process of AS 
in patients with OSAS. Following CPAP treatment, blood 
pressure and primary indicators in the patients improved.

Introduction

Obstructive sleep apnea syndrome (OSAS), which affects 2‑4% 
of the population worldwide, is a common sleep disorder and 
potential clinical risk factor. OSAS has been widely considered 
as a severe problem associated with a range of pathological 
consequences, including hypoxia (1), hypercapnia (2), imbal-
ance of nerve regulation function (3), activation of the rennin 
angiotensin aldosterone system, catecholamine and endo-
thelin secretion, endocrine dysfunction and hemodynamic 
changes  (4). Of all the problems reported in patients with 
OSAS, the most important consequence is the risk of cardio-
vascular and cerebrovascular disease (5). OSAS has long been 
confirmed as one of the most important independent risk 
factors for atherosclerosis (AS) and hypertension (6). Tissue 
hypoxia followed by chronic inflammation damage and the 
involvement of a variety of inflammatory cytokines leads to 
AS (7).

Continuous positive airway pressure (CPAP) therapy is the 
most effective method for OSAS (8). Adequate CPAP treat-
ment can increase pulmonary ventilation and ameliorate the 
inflammation of arteries in patients with OSAS (9). Patients 
show improvements in blood oxygen concentration on the 
first day following CPAP treatment, and further benefits are 
observed during an extended course of treatment (10). The 
molecular and immunological mechanisms underlying this 
type of therapy are a major concern when selecting CPAP in 
patients with OSAS.

According to clinical observations and previous investiga-
tions, the present study hypothesized that, in patients with OSAS 
without clinical interventions, the plasma levels of interleukin 
(IL)‑18, tumor necrosis factor (TNF)‑α (11), C‑reactive protein 
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(CRP), intercellular cell adhesion molecule  1 (ICAM‑1), 
vascular cell adhesion molecule  1 (VCAM‑1), E‑selectin 
and P‑selectin are significantly altered. The present study 
investigated these factors and compared changes following 
CPAP (12). On the basis of these observations, alterations 
in the clinical characteristics of OSAS following treatment 
were observed. In order to evaluate the effect of CPAP (5) on 
inflammatory factors and AS, the present study also examined 
the carotid intima‑media thickness (IMT) and brachial‑ankle 
pulse wave velocity (Ba‑PWV) (13). The aim of the present 
study was to evaluate the effects of a longer (3‑month) period 
of CPAP treatment on oxygen ventilation in patients with 
OSAS.

Subjects and methods

Subjects and healthy donors. In the present study, a total of 
100 patients were recruited from The Affiliated Jiangning 
Hospital of Nanjing Medical University (Nanjing, China) upon 
diagnosis on interpretation of clinical guidelines on the treat-
ment of OSAS (American College of Physicians, 2013) (14). 
The patients included 82 men and 18 women, aged between 
43  and 69  years old (mean age, 55.28±7.12  years). These 
patients were prospectively recruited on preparing to attend the 
Sleep Clinic for overnight polysomnography (PSG) between 
March 2014 and March 2016, who met the standard definition 
of an apnea‑hypopnea index (AHI) ≥5. None of the patients 
were suffering from serious disease requiring treatment. As 
a healthy control group, 50 individuals undergoing physical 
examination at The Affiliated Jiangning Hospital of Nanjing 
Medical University were invited to join in this study sequence. 
There were no differences in age, gender or body mass index 
(BMI) between the healthy control group and the OSAS group.

The exclusion criteria included patients or healthy donors 
with coronary heart disease, valvular heart disease, cardiomy-
opathy, tumors, severe liver and kidney dysfunction, severe 
lung disease, hyperlipidemia, diabetes, hypertension, infection 
or trauma, or had undergone surgery in the previous 2 weeks. 
The present study was approved by the Ethics Committee 
of The Affiliated Jiangning Hospital of Nanjing Medical 
University. Written informed consent was obtained from each 
patient and healthy donor.

Specimen collection and detection of inflammatory factors. 
Blood samples were collected from the study subjects in the 
early morning (6:00 a.m.). Fasting blood was collected again 
from the patients with OSAS following CPAP treatment for 
3 months (again at 6:00 a.m.). All blood samples were 10 ml 
in volume and obtained from the elbow vein. The samples 
underwent 300 x g centrifugation at 10˚C for 10 min, and the 
upper plasma was stored at ‑80˚C. IL‑18 and TNF‑α, CRP, 
ICAM‑1, VCAM‑1, E‑selectin and P‑selectin were detected 
using an enzyme‑linked immunosorbent assay (ELISA). The 
concentrations of the inflammatory factors were measured 
using human ELISA kits (Amersham; GE Healthcare Life 
Sciences, Chalfont, UK).

CPAP treatment. The recording and comparing of sleep 
monitoring parameters during the 3‑month treatment period 
were performed using a compumedics PSG monitoring system 

(ResMed, Sydney, Australia). The AHI and transcutaneous 
oxygen saturation (SpO2) were detected and recorded prior to 
and following the 3‑month treatment period.

Ultrasound measurement of carotid IMT. The carotid artery 
IMT was detected using the Mylab 90 ultrasonic instrument 
(Esaote, Genoa, Italy) as the quality of IMT.

Detection of Ba‑PWV. The Ba‑PWV was detected using an 
automatic AS testing equipment (BP‑203RPEII; Omron Colin, 
Tokyo, Japan).

The upper arm to the ankle propagation distance (L) and 
the pulse wave transit time (T) were automatically measured 
according to the height of the body. The formula Ba‑PWV=L/T 
was calculated from Ba‑Pwv on both sides, and the average 
value of both sides was recorded.

Statistical analysis. The statistical analyses performed included 
a matched t‑test of measurement data and a rank‑sum test using 
SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). All data 
are presented as the mean ± standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Results

General characteristics of study subjects. All 100 patients and 
50 healthy controls were included in the study. Table I lists 
the characteristics of the subjects. No differences in gender, 
age or BMI were found between the two groups (P>0.05). The 
baseline clinical data of the subjects are also listed in Table I.

Inflammatory factors in OSAS. Compared with the healthy 
control group, the expression levels of IL‑8, TNF‑α, CRP, 
ICAM‑1, VCAM‑1, E‑selectin and P‑selectin in the patients 
with OSAS were significantly increased. The respec-
tive statistical comparisons of expression in the healthy 
controls, vs.  patients with OSAS were as follows: IL‑8, 
13.28±3.15, vs.  40.72±1.60  pg/ml (P=0.0013); TNF‑α, 
29.15±1.74, vs. 37.67±0.21 pg/ml (P=0.0037); CRP, 6.37±1.30, 
vs.  49.64±21.66 mg/l (P=0.0007); ICAM‑1, 291.68±53.29, 
vs. 357.92±10.52 µg/l (P=0.0170); VCAM‑1, 288.16±48.81, 
vs.  351.06±53.61  µg/l (P=0.0201); E‑selectin, 42.57±10.4, 
vs. 50.65±8.29 µg/l (P=0.0233); P‑selectin 30.26±6.80 and 
54.79±3.34 µg/l (P=0.0149). The results are shown in Fig. 1.

Changes of inflammatory cytokines following treatment. 
PSG was performed on patients treated with CPAP using 
an automatically programmed PSG system following 
3  months of treatment. Compared with the pre‑therapy 
data, the expression levels of IL‑8, TNF‑α, CRP, ICAM‑1, 
VCAM‑1, E‑selectin and P‑selectin were significantly 
decreased following treatment. The statistical comparisons 
of post‑treatment, vs. pre‑treatment data were as follows: 
IL‑8, 35.79±1.63 and 40.72±1.60 pg/ml (P=0.0392); TNF‑α, 
34.97±3.18 vs. 37.67±0.21 pg/ml (P=0.0412); CRP, 27.41±8.86 
vs.  49.64±21.66  mg/l (P=0.0138); ICAM‑1, 338.29±43.03 
vs. 357.92±10.52 µg/l (P=0.0219); VCAM‑1, 322.36±38.25 
vs.  351.06±53.61  µg/l (P=0.0015); E‑selectin, 47.46±8.58 
vs.  50.65±8.29  µg/l (P=0.0143); P‑selectin, 44.05±6.97 
vs. 54.79±3.34 µg/l (P=0.0019). The results are shown in Fig. 2.
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AHI and Ba‑Pwv. Following CPAP treatment, the AHI and 
Ba‑Pwv improved significantly. As shown in Fig. 3A, the 
average value of AHI decreased significantly (37.80±6.70 
vs.  26.73±4.34; P=0.0019), as did that of Ba‑Pwv 
(1,418.86±199.58 vs. 1,265.31±219.36; P=0.0239; Fig. 3B).

IMT and SPO2. Compared with pre‑treatment, the IMT 
following treatment was significantly reduced (1.35±0.55 
vs. 1.12±0.52, respectively; P=0.0381), whereas SPO2 was 
significantly increased (81.67±7.23 vs. 89.18±5.19, respectively; 
P=0.0283), as shown in Fig. 4A and B.

SBP and DBP. In the patients whose blood pressure remained 
high despite medication (n=78), the blood pressure was 
improved following treatment. As is shown in Fig. 5A and B, 
the decreases in SBP (168.84±32.57 vs.  144.29±17.85; 

P=0.0013) and DBP (84.21±11.85 vs. 79.47±8.98; P=0.0021) 
were statistically significant.

Discussion

In previous years, OSAS has been widely accepted as a mecha-
nism for hypertension, and specific treatment for this change 
has also been considered. In the present study, CAPA was used 
for the treatment of patients with OSAS and hypertension, and 
the efficacy was observed in order to examine the novel treat-
ment approach for patients with OSAS and hypertension.

The pro‑inflammatory cytokine IL‑18 is important in 
the occurrence and development of atherosclerotic plaque 
rupture (15). An epidemiological follow‑up study revealed that 
IL‑18 is an independent risk factor for coronary events, and is 
also a predictor of life‑threatening cardiac events in patients 
with acute coronary syndrome (10). TNF‑α is critical in the 

Table I. General characteristics of the study participants.

Variable	 OSAS	 Healthy control	 P‑value

Number	 100	 50	 ND
Male/female	 82/18	 37/13	 0.288
Age (years)	 55.284±7.128	 56.131±6.210	 0.193
BMI (kg/m2)	 26.746±3.500	 25.196±2.449	 0.528
SBP (mmHg)	 162.549±7.315	 128.124±8.341	 0.021
DBP (mmHg)	 95.328±5.515	 83.425±4.216	 0.007
TC (mmol/l)	 6.718±2.998	 4.624±2.378	 0.022
AHI (/h)	 38.011±8.040	 3.623±1.537	 0.001
SPO2 (%)	 89.183±7.234	 95.271±2.490	 0.018
Hypertension duration (years)	 6.227±2.887	 ND	 ND
Classes of hypotensor used (no.)	 2.6±0.4	 ND	 ND

OSAS, obstructive sleep apnea syndrome; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total 
cholesterol; AHI, apnea hypopnea index; SPO2, pulse oxygen saturation; ND, no data.

Figure 1. Inflammatory factors in OSAS. IL‑18, interleukin‑18; TNF‑α, 
tumor necrosis factor‑α; CRP, C‑reactive protein; ICAM‑1, intercellular cell 
adhesion molecule 1; VCAM‑1, vascular cell adhesion molecule 1; OSAS, 
obstructive sleep apnea syndrome.

Figure 2. Changes in inflammatory cytokines following treatment. IL‑18, 
interleukin‑18; TNF‑α, tumor necrosis factor‑α; CRP, C‑reactive protein; 
ICAM‑1, intercellular cell adhesion molecule 1; VCAM‑1, vascular cell 
adhesion molecule 1.
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inflammatory cascade reaction of AS. Although CRP cannot 
predict disease specificity, it is an important inflammatory 
response factor in the majority of types of chronic inflam-
mation, particularly in AS. In addition, inflammatory factors, 
including ICAM‑1, VCAM‑1 (16), E‑selectin and P‑selectin, 
have been found to be important in predicting the occur-
rence and development of AS (17). The pathological basis of 
AS involves chronic inflammation of the vascular wall (18), 
however, whether inflammation is also involved in the patho-
genesis of cardiovascular disease in patients with OSAS 
remains to be fully elucidated. The present study hypothesized 
that hypoxia causes chronic inflammation in patients with 

OSAS, and chronic inflammation leads to AS and hyperten-
sion, whereas mechanical ventilation improves the condition 
of hypoxia and the inflammatory response in patients.

The results of the present study showed that IL‑18, TNF‑α, 
high‑sensitivity CRP, and serum levels of ICAM‑1, VCAM‑1, 
E‑selectin and P‑selectin in the OSAS group were significantly 
increased, compared with those in the healthy control group. 
It was indirectly confirmed that these inflammatory factors 
may be involved in hypoxia and in vascular sclerosis. In 
order to directly confirm this mechanism, CPAP treatment 
and follow‑up investigations were performed on patients with 
OSAS. Following CPAP treatment, significant differences 

Figure 3. Changes in AHI and Ba‑PWV following continuous positive airway pressure treatment. (A) Analysis of AHI following treatment. (B) Statistical 
analysis of Ba‑PWV following treatment. AHI, apnea hypopnea; Ba‑PWV, brachial‑ankle pulse wave velocity.

Figure 4. Changes in IMT and SPO2 following continuous positive airway pressure treatment. (A) Analysis of IMT following treatment. (B) Analysis of SPO2 
following treatment. IMT, intima‑media thickness; SPO2, pulse oxygen saturation.

Figure 5. Changes in blood pressure following continuous positive airway pressure treatment. Changes in (A) DBP and (B) SBP following treatment. DBP, 
diastolic blood pressure; SBP, systolic blood pressure.
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were found in these inflammatory markers, compared with 
those at the pre‑treatment stage.

In patients with OSAS with significant characteristics 
of upper airway collapse (19) and effects on the circulatory 
system, the primary mechanism involves the excitement of 
sympathetic nerves  (3), increase of endothelin levels  (20), 
vascular endothelial function, abnormalities in vascular active 
substances  (21), vascular tension  (22) and excessive renin 
secretion causing sustained hypertension (23). In previous 
studies, plasma levels of CRP and other inflammatory cyto-
kines in patients with OSAS caused by inflammation have 
been reported to promote cardiovascular and cerebrovascular 
diseases  (24), including AS. The overexpression of IL‑18, 
TNF‑α, E‑selectin and P‑selectin in OSAS is an important 
factor in the occurrence and development of hypertension (25).

It has been reported that OSAS is closely associated with 
the occurrence and development of hypertension (22). Under 
the condition of low oxygen, substantial cellular metabolic 
waste accumulation leads to the generation of oxygen free radi-
cals (26). Free radicals react with the unsaturated fatty acids 
in cells (27), in a process called lipid peroxidation, generating 
cytotoxic effects of peroxide (28). Oxyradicals and subsequent 
lipid peroxidation lead to various types of damage in the body. 
In the electron transport chain of the redox reaction, coen-
zyme Q in complex III can produce high activity free radical 
intermediates in the process of reduction (29). The reactive 
oxygen species generated in these cells include hypochlorite, 
hydrogen peroxide, and free radicals, including superoxide 
anions and hydroxyl radicals (30). The chemical properties of 
hydroxyl radical are unstable and can be divided into specific 
biological molecules. These biological macromolecules 
are predominantly produced by the catalytic reduction of 
hydrogen peroxide by metal enzymes. The oxidant can trigger 
a chain reaction, for example, lipid peroxidation or oxida-
tion of DNA and protein, resulting in cell damage. Damaged 
DNA can cause mutations and induce several diseases if not 
repaired. The damage causes the degradation of protein and 
inhibits the activity of the enzyme. CPAP can improve patient 
ventilation status, and subsequently improve in the long‑term 
chronic hypoxia status, with reductions in the redox reaction 
and generation of free radicals (31).

In the present study, in addition to the changes of inflam-
matory factors and clinical indices of the patients, AHI, IMT, 
Ba‑Pwv (32) and blood pressure were detected. Patients with 
OSAS and hypertension exhibited significantly higher IMT 
and Ba‑Pwv, compared with the normal population. Following 
treatment of the patients with OSAS, blood pressure (SBP 
and DBP) and PSO2 was decreased. This showed that CAPA 
alleviated the changes in OSAS patients with hypertension.

In conclusion, CPAP increases oxygen supply, improves 
chronic inflammation in OSAS, and inhibits the expression of 
inflammatory factors and other factors promoting cardiovas-
cular and cerebrovascular diseases, in addition significantly 
improving to pulmonary function in patients (33). In the present 
study, it was confirmed that CPAP inhibited the inflammatory 
response of patients with OSAS and hypertension, and inhib-
ited the pathological basis of OSAS. Therefore, the patients 
with OSAS exhibited hypertension and hypoxia, leading to 
inflammation. CPAP indirectly improved AS and high blood 
pressure in the patients. However, due to the complexity of 

clinical investigation and confounding factors, there are still 
some deficiencies in the present study. More cases and longer 
follow‑up are needed to investigate the association between 
OSAS, chronic inflammation and hypertension.
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