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Introduction
Obstructive sleep apnea syndrome (OSAS) is a high prevalent sleep disorder
characterized by recurrent episodes of upper airway obstruction and subsequent
recurrent arousal during sleep.1 It is estimated that up to 5% of adults in western
countries have OSAS.2 According to published data, OSAS is an independent risk
factor for hypertension and coronary artery disease.3,4 Emerging studies suggest that
the repetitive episodes of hypoxia and reoxygenation, in manner similar to that of the
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Introduction: There is growing research evidence suggesting the presence of endothelial
dysfunction and systemic inflammation in patients with obstructive sleep apnea syndrome
(OSAS). Continuous positive airway pressure (CPAP) is the most effective method for treating
OSAS; nonetheless, the effects of CPAP on the aforementioned pathophysiologic pathways as
well as on the systemic disease that result or coexist with the OSAS remain elusive.
Aim: To assess the effect of 3-month CPAP therapy on endothelial-dependent dilation, plasma
levels of inflammatory markers, blood pressure (BP), and glucose control on male and female
patients with OSAS.
Methods: Our study group consisted of 40 (24 males and 16 females) patients with no prior
history of cardiovascular disease, with an apnea–hypopnea index $15, who were assigned to
receive CPAP treatment. Measurements of flow-mediated dilation (FMD), 24-hour ambulatory
BP, and blood analysis were performed at baseline and 3 months after CPAP therapy.
Results: Baseline FMD values were negatively correlated with the apnea–hypopnea
index (r=-0.55, P=0.001). After 3 months of CPAP, there was an increase in the FMD
values (5.40%±2.91% vs 3.13%±3.15%, P,0.05) and a significant reduction in the
patients’ 24-hour systolic BP (122.82±11.88 mmHg vs 130.24±16.75 mmHg, P,0.05),
diastolic BP (75.44±9.14 mmHg vs 79.68±11.09 mmHg, P,0.05), and pulse pressure
(47.38±9.77 mmHg vs 52.72±11.38 mmHg, P,0.05); daytime systolic BP (125.76±12.69 mmHg
vs 132.55±17.00 mmHg, P,0.05) and diastolic BP (77.88±10.39 mmHg vs 82.25±11.01 mmHg,
P,0.05); nighttime systolic BP (118.17±13.16 mmHg vs 126.22±17.42 mmHg, P,0.05) and
pulse pressure (46.61±10.76 mmHg vs 52.66±11.86 mmHg, P,0.05); and C-reactive protein
and HbA1c levels (0.40 [0.40–0.70] mg/L vs 0.60 [0.40–0.84] mg/L and 5.45%±0.70% vs
5.95%±1.08%, respectively; P,0.05). When divided by sex, only male patients produced similar
statistically significant results, while female patients failed to show such associations.
Conclusion: Our results suggest that CPAP therapy improves the endothelial function, the BP,
and the glucose control in male patients with OSAS. Further research is warranted in order to
verify these results and to further elucidate the impact of CPAP on the cardiovascular risk of
male and female patients with OSAS.
Keywords: obstructive sleep apnea syndrome, CPAP, CRP, blood pressure, glucose control
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ischemia/reperfusion injury model, promote the activation of
proinflammatory pathways and disrupt the normal endothelial function.5,6 These mechanisms play a crucial role in the
development of adverse cardiovascular events.
Continuous positive airway pressure (CPAP) is the
most effective method for treating OSAS and alleviating
the patients’ symptoms.7 Nonetheless, the effects of CPAP
therapy in the aforementioned pathophysiologic pathways as
well as in the systemic disease that result or coexist with the
OSAS require further elucidation. Furthermore, due to the
various effects of sex hormones on the endothelial function
in women, the majority of studies addressing the vascular
endothelial function in OSAS have focused on men. The
aim of this study was to assess the effect of 3-month CPAP
therapy on endothelial-dependent dilation, plasma levels of
inflammatory markers, and blood pressure (BP) and glucose
control on male and female patients with OSAS.

Methods
This study was conducted in the sleep laboratory of the department of clinical therapeutics in the “Alexandra” Hospital,
Athens Medical School. Informed consent was obtained from
each patient, and approval was also obtained for the conduct
of this study from the Investigational Review Board (IRB)
of “Alexandra” General Hospital. Patients with suspected
OSAS, who were referred to our department from March
2008 to March 2009, were recruited in the study.
All patients underwent attended overnight polysomnography. The determination of sleep stages, arousals, and
respiratory events was performed according to the American
Academy of Sleep Medicine (AASM) 2007 criteria.8 Subjects
with an apnea–hypopnea index (AHI) $15 were assigned to
receive CPAP treatment and formed our study group. Patients
with known cardiovascular, neuromuscular, or pulmonary
disease were excluded from the study. All female patients
were in the postmenopausal phase of life, and during our study
period, they received no hormone replacement therapy.
A high-resolution 12.0 MHz transducer ultrasound
was used to measure right and left common carotid artery
diameter as well as brachial artery diameter at rest during
reactive hyperemia. All patients fasted for at least 8 hours
prior to the measurement. The assessment was carried out
in a quiet room, at a stable temperature of 22°C–24°C, by
an experienced physician, who was blinded to the patient’s
sleep recordings and blood analysis. Reactive hyperemia was
induced by inflation of a BP cuff, which was placed on the
lower part of the arm and inflated to 250 mmHg followed
by release after 5 minutes. Brachial artery diameter was
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measured 40 seconds and 60 seconds after cuff deflation.
Flow-mediated dilation (FMD) was calculated as the ratio
of change in diameter (maximum [of two measurements] −
baseline) over baseline value. Endothelial function measurements were reassessed after 3 months of CPAP therapy.
At baseline and 3 months after CPAP treatment, all
patients had a complete physical examination, including
measurement of the body mass index (BMI; calculated as kilograms per meter squared). Full blood analysis, including blood
cell count, C-reactive protein (CRP), erythrocyte sedimentation rate, glucose, total cholesterol, triglycerides, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol,
and the concentration of glycated hemoglobin (HbA1c), was
also performed prior and 3 months after CPAP.
Furthermore, all subjects underwent 24-hour ambulatory BP
monitoring. Measurements were performed on a working day,
and the subjects were asked to continue their normal daily activities. BP and heart rate readings were obtained every 30 minutes.
Patients were instructed to take a diary of their activities and
time of retiring to bed. BP variability was calculated as the
standard deviation (SD) of the systolic and diastolic BP, during
the whole day, but separately during daytime and nighttime. The
recordings were repeated after 3 months of CPAP treatment.

Statistical analysis
A standard statistical software package SPSS (SPSS Inc.,
Chicago, IL, USA) was used in the analysis. Descriptive statistics were calculated for all variables. Categorical variables
were analyzed with the chi-square test or Fisher’s exact test as
appropriate. The one-sample Kolmogorov–Smirnov test was
used to test if a variable was normally distributed. Normally
distributed data were analyzed with the t-test, while in the
absence of normal distribution, the Mann–Whitney test was
used. Normally distributed data are shown as mean ± SD,
while in the absence of normal distribution, values are presented as medians (25th percentile, 75th percentile). Pairedsamples t-test and Wilcoxon test were used for comparison
of the patients’ endothelium-dependent values, 24-hour
ambulatory BP readings, and blood analysis at baseline and
3 months after CPAP therapy. The correlations between
continuous variables were assessed with the Pearson’s or
Spearman’s correlation test. P-values less than 0.05 were
considered statistically significant. All statistical tests were
also performed for male and female subjects separately.

Results
A total of 40 patients (24 males and 16 females) with a mean
age of 53±12 years were recruited to the study. Patients had a
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mean BMI of 32±3 kg/m2, which did not change significantly
during our study period. Correlation coefficients between
baseline values of CRP and FMD and patients’ age, BMI, and
sleep parameters are presented in Table 1. Pearson’s correlation showed that baseline FMD values were negatively correlated with AHI (r=-0.55, P=0.001). When divided by sex,
only male patients produced similar statistically significant
results, while female patients failed to show such associations.
Patients’ endothelium-dependent values, 24-hour ambulatory
BP readings, and blood analysis as a whole and separately
for each sex at baseline and 3 months after CPAP therapy
are presented in Tables 2–4, respectively. Overall statistical
analysis revealed a significant increase in the FMD values
(5.40%±2.91% vs 3.13%±3.15%, P,0.05), and the percent
change in FMD values after CPAP treatment was positively
correlated with the percent of time ,90% oxygen saturation
(r=0.53, P=0.02) (Table 5). The patients’ 24-hour systolic
BP (122.82±11.88 mmHg vs 130.24±16.75 mmHg), diastolic
BP (75.44±9.14 mmHg vs 79.68±11.09 mmHg), and pulse
pressure (PP) (47.38±9.77 mmHg vs 52.72±11.38 mmHg);
daytime systolic BP (125.76±12.69 mmHg vs 132.55±17.00
mmHg) and diastolic BP (77.88±10.39 mmHg vs 82.25±11.01
mmHg); and nighttime systolic BP (118.17±13.16 mmHg
vs 126.22±17.42 mmHg) and PP (46.61±10.76 mmHg vs
52.66±11.86 mmHg) showed a significant decrease (P,0.05).
Furthermore, after 3 months of CPAP treatment, the values
of CRP and HbA1c were significantly decreased (0.40 [0.40–
0.70] mg/L vs 0.60 [0.40–0.84] mg/L and 5.45%±0.70% vs
5.95%±1.08%, respectively; P,0.05). In sex-stratified analysis, male patients showed a significant increase in the FMD
values (5.76%±3.00% vs 3.49%±3.07%, P,0.05) and the
percent change of FMD after CPAP treatment was positively
correlated with the AHI (r=0.53, P=0.04). Moreover, after
3 months of CPAP treatment, patients’ 24-hour systolic BP
(124.24±5.68 mmHg vs 131.14±12.83 mmHg) and diastolic
BP (77.72±9.10 mmHg vs 82.06±11.18 mmHg) and nighttime
systolic BP (117.02±9.47 mmHg vs 126.67±16.21 mmHg)

and PP (44.87±9.37 mmHg vs 49.38±11.13 mmHg), as
well as the values of CRP (0.40 [0.40–0.47] mg/L vs
0.48 [0.40–0.70] mg/L) and HbA 1c (5.31%±0.65% vs
5.71%±0.68%) were significantly decreased (P,0.05).
Female patients showed a trend toward increased levels of
FMD values and decreased levels of BP measurements and
HbA1c and CRP values; nonetheless, these associations were
not statistically significant.

Discussion
This single-center study demonstrated that overall CPAP
treatment increases the FMD, decreases the levels of CRP and
HbA1c, and improves BP measurements in obstructive sleep
apnea (OSA) patients. Previous studies have excluded women
with OSAS due to the various effects of the menstrual cycle
on the endothelial function. In order to avoid any potential
bias caused by the different hormonal status, we choose to
study only postmenopausal female patients. In sex-stratified
analysis, only male patients provided with statistically significant results. Female patients showed a trend toward improved
FMD, CRP, HbA1c values, and BP measurements; yet this
trend failed to reach statistical significance, a finding possibly
attributed to the small number of enrolled patients.
The measurement of endothelium-dependent dilation in
response to reactive hyperemia is a noninvasive and validated method for the assessment of the endothelial function.9
Alterations in endothelium-dependent dilation have been
documented in patients with coronary artery disease and
diabetes and recently OSAS.10–13 The regulation of vasomotor tone, as measured by the change in the forearm blood
flow after transient ischemia, appears to be regulated by the
availability of nitric oxide. Researchers have shown that in
the OSAS, the pathophysiologic stressors that result from the
repetitive episodes of hypoxemia/reoxygenation downregulate the activity of the endothelial nitric oxide synthase and
upregulate the expression of various vasoactive substances,
such as endothelin-1 and angiotensin II.14–16

Table 1 Association between baseline CRP and FMD with age, BMI, and sleep parameters
CRP

FMD

All
AHI
DSI
,90% SaO2
Age
BMI
CRP

Male

Female

All

Male

Female

r

P-value

r

P-value

r

P-value

r

P-value

r

P-value

r

P-value

0.00

0.97
0.93
0.91
0.42
0.91
–

-0.36
-0.37
-0.21
-0.21
-0.12
1

0.18
0.16
0.45
0.43
0.66
–

0.63
0.49
0.05

0.08
0.21
0.89
0.45
0.69
–

-0.55
-0.19
-0.38
-0.18
-0.10
0.19

0.00
0.36
0.07
0.68
0.61
0.35

-0.64
-0.45
-0.49
-0.17
-0.20
0.37

0.01
0.09
0.07
0.68
0.46
0.15

-0.31
0.34

0.44
0.40
0.54
0.68
0.73
0.95

-0.01
0.02
-0.17
-0.02
1

-0.23
0.16
1

-0.25
-0.17
0.14
0.02

Abbreviations: CRP, C-reactive protein; FMD, flow-mediated dilation; BMI, body mass index; AHI, apnea–hypopnea index; DSI, desaturation index.
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Table 2 Endothelium-dependent parameters before and after CPAP
Before CPAP
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RCCA (mm)
LCCA (mm)
FMD%

After CPAP

All

Male

Female

All

Male

Female

0.98±0.20
0.91±0.24
3.13±3.15*

0.99±0.25
0.95±0.31
3.49±3.07*

0.97±0.17
0.87±0.17
2.39±3.38

0.93±0.23
0.89±0.24
5.40±2.91

0.97±0.31
0.88±0.30
5.76±3.00

0.90±0.11
0.90±0.19
4.68±2.75

Note: *P,0.05.
Abbreviations: CPAP, continuous positive airway pressure; RCCA, right common carotid artery; LCCA, left common carotid artery; FMD, flow-mediated dilation.

Table 3 Twenty-four-hour ambulatory blood pressure monitoring recordings before and after CPAP
Before CPAP
Systolic BP 24 (mmHg)
SD systolic BP 24 (mmHg)
Diastolic BP 24 (mmHg)
SD diastolic BP 24 (mmHg)
Heart rate 24/min
SD heart rate 24/min
PP 24 (mmHg)
Systolic BP day (mmHg)
SD systolic BP day (mmHg)
Diastolic BP day (mmHg)
SD diastolic BP day (mmHg)
Heart rate day/min
SD heart rate day/min
PP day (mmHg)
Systolic BP night (mmHg)
SD systolic BP night (mmHg)
Diastolic BP night (mmHg)
SD diastolic BP night (mmHg)
Heart rate night/min
SD heart rate night/min
PP night (mmHg)

After CPAP

All

Male

Female

All

Male

Female

130.24±16.75ǂ
13.97±2.16
79.68±11.09ǂ
11.50±1.41
77.54±10.93
11.80±3.76
52.72±11.38ǂ
132.55±17.00ǂ
13.16±2.17
82.25±11.01ǂ
10.91±1.81
80.89±10.92
11.40±5.01
52.59±11.13
126.22±17.42ǂ
13.17±2.31
75.23±12.26
9.71±2.27
71.64±12.00
7.34±3.77
52.66±11.86ǂ

131.14±12.83ǂ
13.58±1.42
82.06±11.18ǂ
11.29±1.56
78.47±13.28
11.91±3.62
49.08±9.97
133.77±11.53
12.35±1.13
84.82±10.14
10.16±1.47
82.37±13.38
10.90±4.53
48.95±9.52
126.67±16.21ǂ
13.16±2.18
77.29±14.07
10.35±2.17
71.45±14.26
8.44±3.44ǂ
49.38±11.13ǂ

128.72±23.25
14.62±3.08
75.70±10.68
11.68±1.16
75.99±6.03
11.61±4.32
58.79±11.80
130.51±24.89
14.50±2.91
77.98±11.98
12.16±1.73
78.43±4.84
12.24±6.08
58.64±11.76
125.47±20.88
13.18±2.72
71.79±8.50
8.63±2.19
71.95±8.13
5.51±3.87
58.13±11.90

122.82±11.88
13.89±2.58
75.44±9.14
11.16±1.46
74.20±8.36
10.62±2.50
47.38±9.77
125.76±12.69
12.74±2.25
77.88±10.39
10.41±1.73
77.71±9.16
10.66±3.67
47.85±9.62
118.17±13.16
11.89±3.18
71.55±8.32
9.98±2.03
68.50±7.68
6.29±2.61
46.61±10.76

124.24±5.68
13.94±2.61
77.72±9.10
11.30±1.56
75.38±9.82
10.26±2.00
46.51±8.25
128.67±5.28
12.08±1.34
81.17±10.12
9.85±1.37
79.25±10.77
9.80±1.60
47.50±7.77
117.02±9.47
12.02±3.45
72.15±8.81
10.22±1.27
68.95±8.97
6.48±2.69
44.87±9.37

120.47±18.83
13.81±2.79
71.64±8.58
10.93±1.39
72.23±65.36
11.21±3.30
48.83±12.64
120.86±19.69
13.85±3.10
72.40±9.05
11.34±2.00
75.15±5.53
12.10±5.64
48.45±12.98
120.07±18.74
11.64±2.96
70.56±8.14
9.59±3.03
67.76±5.58
5.98±2.69
49.51±13.16

Note: ǂP,0.05.
Abbreviations: CPAP, continuous positive airway pressure; BP, blood pressure; SD, standard deviation; min, minute; PP, pulse pressure.

Table 4 Blood test analysis before and after CPAP
Before CPAP
Hemoglobin (g/dL)
White blood cells/mm3
Cholesterol (mg/dL)
Total
LDL
HDL
Triglycerides (mg/dL)
HbA1c (%)
CRP (mg/L)
ESR (mm/hour)
Glucose (mg/dL)

After CPAP

All

Male

Female

All

Male

Female

14.47±1.73
8.345±1.770

15.08±1.65
7.987±1.894

13.26±1.23
9.062±1.314

14.67±1.50
7.737±1.875

15.38±1.28
7.675±2.223

13.26±0.70
7.862±965

205.63±37.29
137.33±29.48
52.79±14.28
160.88±100.41
5.95±1.08*
0.60 [0.40–0.84]*
19.00 [11.00–27.00]

207.38±43.22
139.88±33.51
48.19±9.25
171.25±120.07*
5.71±0.68*
0.48 [0.40–0.70]*

214.00±30.24
132.25±20.13
62.00±18.47
140.13±38.70
6.41±1.57
0.87±0.30
24.50±9.16
118.75±25.07

205.63±37.29
135.46±32.47
53.25±14.29
141.75±65.56
5.45±0.70
0.40 [0.40–0.70]
14.00 [7.50–22.75]

206.25±41.54
139.25±33.80
49.00±9.79
137.94±73.04
5.31±0.65
0.40 [0.40–0.47]

204.38±29.50
127.88±30.27
61.75±18.49
149.38±50.91
5.73±0.76
0.67±0.12
28.63±20.20
108.75±11.94

108.71±19.06

17.31±13.89
103.69±13.54

104.50±12.71

16.88±20.53
102.38±12.90

Note: *P,0.05.
Abbreviations: CPAP, continuous positive airway pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; HbA1c, glycated hemoglobin.
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Table 5 Correlation of percent change in FMD and CRP after CPAP with age, BMI, and sleep parameters
% of CRP
All
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AHI
DSI
,90% SaO2
Age
BMI

% of FMD
Female

All

Female

All

r

P

r

P

r

P

r

P

r

P

r

P

r

P

r

P

r

P

0.08

0.71
0.97
0.74
0.06
0.74

-0.15
-0.18
0.02

0.57
0.51
0.92
0.20
0.96

0.68
0.31

0.06
0.45
0.61
0.23
0.65

0.31
0.07
0.53
0.09

0.19
0.76
0.02
0.70
0.64

0.53
0.27
0.38

0.04
0.33
0.20
0.46
0.31

-0.35
-0.04
0.64
0.23

0.55
0.94
0.24
0.70
0.28

0.38
0.15
0.39
0.18

0.07
0.46
0.06
0.39
0.82

0.45
0.31
0.33
0.27

0.09
0.26
0.23
0.29
0.88

0.26

0.53
0.80
0.24
0.57
0.82

-0.00
-0.07
-0.38
-0.07

Male

% of HbA1c

-0.33
-0.01

-0.21
-0.35
-0.18

-0.11

Male

-0.20
0.29

-0.60

-0.04

Male

-0.04

Female

-0.10
0.46
-0.23
-0.09

Abbreviations: FMD, flow-mediated dilation; CRP, C-reactive protein; CPAP, continuous positive airway pressure; BMI, body mass index; AHI, apnea–hypopnea index;
DSI, desaturation index; HbA1c, glycated hemoglobin.

In concordance with our results, previous studies have
shown that endothelial dysfunction, as measured by FMD,
was correlated with the severity of OSAS in terms of AHI.17–19
Nonetheless, multivariable regression analysis by Chung et al
revealed that the oxygen desaturation index was the only
significant variable that correlated with the FMD, a finding
not supported by our results.19 Recently, data have emerged
regarding the potential beneficial effects of CPAP on the
endothelial function. A study by Ip et al demonstrated that
the FMD was significantly improved after 4 weeks of CPAP
treatment, while Bayram et al revealed that the improvement
in the endothelial function was sustained after 6 months of
treatment in complaint patients.20 Our results confirm the
beneficial impact of CPAP and revealed a positive correlation between the percent change of FMD and the percent of
time ,90% oxygen saturation, suggesting a greater benefit
in patients with more severe OSAS.
Over the last years, a large body of evidence has demonstrated the pivotal role of inflammation in cardiovascular
disease. In view of this notion, CRP has gained increasing
attention as an independent risk factor for coronary disease.21
In patients with OSAS, circulating levels of inflammatory
markers appeared to be elevated, a finding suggestive of
the presence of systemic inflammation.22,23 Previous reports
have shown that CRP levels were correlated with the OSAS
severity and the BMI; nevertheless, our study failed to show
such an association.19 Furthermore, although both FMD and
CRP are involved in the pathophysiology of cardiovascular
complications, the association between these two parameters
in OSAS remains elusive. In agreement with our results,
two separate studies by Chung et al and Verma et al failed
to find a relationship between FMD and CRP in healthy
subjects.19,24 Nonetheless, a study by Nystrom et al in patients
with coronary artery disease revealed a correlation between
endothelial dysfunction (measured with FMD) and the levels
of CRP.25 The different inclusion criteria among these studies
may account for the observed discrepancies regarding the
Clinical Interventions in Aging 2015:10

relationship between FMD and CRP. Even less data have
been published regarding the impact of CPAP therapy on
the inflammation markers. In this study, the CRP levels
were significantly decreased 3 months after CPAP treatment.
A previous study by Yokoe et al had also demonstrated that
levels of CRP were decreased after 1 month of CPAP.26
These results denote the possible beneficial role of CPAP in
reducing the vascular inflammation.
The relationship between OSAS and hypertension has
been well-established by many researchers. According to
published literature, the use of CPAP can lead to minor
improvement in BP control.27 This study showed a significant
decrease in 24-hour, daytime, and nighttime BP measurements after 3 months of CPAP treatment. Furthermore, current data suggest that patients with refractory hypertension
and more severe OSAS appear to benefit more from CPAP
treatment in terms of BP reduction.28,29 Our analysis provided
statistically significant results in a population consisting of
patients with no prior history of hypertension.
According to previous studies, OSA patients, independently of obesity, have higher prevalence of impaired glucose
metabolism.30 The etiology of this metabolic deregulation
may be associated with the intermittent episodes of hypoxia
and subsequent activation of the sympathetic nervous system
and the hypothalamic-pituitary axis.31 This study showed
an improvement in blood glucose control, as estimated by
the levels of HbA1c after CPAP treatment in nondiabetic
patients. A similar study in euglycemic patients, by Papanas
et al revealed that good adherence to CPAP treatment can
significantly reduce HbA1c levels.32 These findings denote a
considerable beneficial effect of CPAP in glucose control,
even in patients with no prior history of diabetes.
The limitations of this study should be noted. We
recruited a rather small number of patients; this could account
for the inability of this study to provide with more statistically
significant associations between the examined variables. The
study population consisted of patients with no prior history of
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cardiovascular or pulmonary disease; thus, the study results
should be interpreted with caution in patients beyond this
particular group.
In summary, our results suggest that in male OSA patients,
CPAP therapy reverses to some degree the endothelial dysfunction and vascular inflammation and can ultimately lead
to better BP and glucose control. Female patients presented
with similar trends, nonetheless not statistically significant.
Further well-designed prospective studies are needed to elucidate the effect of CPAP on the reduction of cardiovascular
risk in male and female OSA patients.
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