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Abstract
Purpose  Obstructive sleep apnea (OSA) is related to endothelin-1 (ET-1). Continuous positive airway pressure (CPAP) is an 
effective therapy for OSA. However, the effectiveness of CPAP on ET-1 levels in patients with OSA yielded contradictory 
results. We conducted a meta-analysis to assess the effect of CPAP on ET-1 levels in OSA.
Methods  The Embase, and Cochrane Library and PubMed were searched before March, 2018. The overall effects were 
measured by the standardized mean difference (SMD) with a 95% confidence interval (CI). Ten studies were included and 
the meta-analysis was conducted using Stata 14.0.
Results  10 studies involving 375 patients were included in the meta-analysis. The result showed that there was a significant 
reduction in ET-1 levels in OSA patients before and after CPAP therapy (SMD = − 0.74, 95% CI = − 1.30 to − 0.17, z = 2.56, 
p = 0.01). Further, subgroup analysis demonstrated that Apnea–Hypopnea Index (AHI), CPAP therapy duration, and sample 
size also affected CPAP therapy.
Conclusions  Our meta-analysis indicated that CPAP treatment among OSA patients was significantly was related to a 
decrease in ET-1 levels. Further prospective long-term studies with a larger number of patients are needed to evaluate and 
clarify this issue.
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Introduction

Obstructive sleep apnea (OSA), which can result in recurrent 
apneas and hypopneas during sleep, is the most common 
medical disease that characterized by upper airway obstruc-
tion and intermittent hypoxia [1]. It is associated mainly 
with affected cognitive function and daytime somnolence. 

Epidemiologic studies estimated that moderate-to-severe 
sleep-disordered breathing affects about 23.4% of females 
and 49.7% of males [2]. There has, for a long time, been a 
recognized link between OSA and cardiovascular diseases 
[3], including hypertension [4], and cardiovascular endothe-
lial dysfunction [5].

Endothelin-1(ET-1) is a 21-amino acid powerful vaso-
constrictor involved in the regulation of blood pressure, tis-
sue perfusion and endothelial function [6]. Previous studies 
demonstrated that ET-1 can lead to cardiovascular risk and 
endothelial dysfunction because of the imbalance between 
vasodilator and vasoconstrictor endothelial mediators with 
overproduction of ET-1 [7]. Additionally, several stud-
ies on ET-1 circulation across OSA patients have reported 
significantly increased plasma levels [8–10]. Therefore, we 
hypothesized that elevated ET-1 levels could partly explain 
endothelial dysfunction in OSA patients.

Continuous positive airway pressure (CPAP) is consid-
ered as the first-line therapy for OSA, which is effective in 
decreasing inflammation and oxidative stress [11]. Evidence 
indicated that treatment of OSA patients with CPAP can 
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significantly improve endothelial function [12], including 
flow-mediated dilation(FMD), venous occlusion plethys-
mography (VOP), nitric oxide(NO). However, whether ET-1 
served as biomarkers of vascular function may be corrected 
or not by CPAP is unclear. Therefore, the meta-analysis in 
this paper is performed to quantitatively assess the effect of 
CPAP treatment on ET-1 among OSA patients.

Method

PRISMA Statement

This meta-analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses(PRISMA) guidelines [13].

Literature search

We comprehensively searched Embase, Cochrane Library, 
and Pubmed for relevant studies published up to March 
2018. Search terms included (obstructive sleep apnea 
OR ‘sleep apnea’ OR ‘sleep apnoea’ OR ‘apnea’) AND 
(‘endothelin-1’ OR ‘endothelin’ OR ‘ET-1’) AND (‘con-
tinuous positive airway pressure’ OR ‘cpap’ OR ‘ncpap’). 
The computerized search was complemented with a manual 
review of article bibliographies. In addition, we manually 
searched for review articles and relevant published studies.

Inclusion and exclusion criteria of the literature

The studies that met the following inclusion and exclusion 
criteria were selected: (1) all subjects in the study were 
adults(age ≥ 18) who were polysomnographically diagnosed 
with OSA based on the value of Apnea–Hypopnea Index 
(AHI) ≥ 5 events/h. (2) Using CPAP as an intervention. (3) 
The article must both have before and after CPAP ET-1 data 
reported. (4) Observational studies or randomized control 
trials; (5) The studies contained sufficient data to carry out 
a meta-analysis. (6) Abstracts, case reports, letters to the 
editor, reviews, non-English studies, and animal studies were 
excluded.

Data extraction

Two investigators independently assessed the eligible stud-
ies. Inconsistent decisions were solved through a consen-
sus with a third investigator. The following variables were 
extracted from each article: name of first author, published 
year, nation of article, the number of patients, the number of 
males, mean age of patients, follow-up time of CPAP, mean 
daily duration, Apnea–Hypopnea Index (AHI), Body Mass 
Index (BMI), ET-1 measurement assays, study design, blood 

pressure, ET-1 level before and after CPAP therapy and low-
est arterial oxygen saturation (LowSaO

2
).

Statistical analysis

All analyses were conducted using Stata version 14.0. Stand-
ardized mean difference (SMD) was performed for analysing 
the summary estimates, considering the outcome of ET-1 
varied widely in some studies. Using the Chi square test 
determined statistical heterogeneity among individual stud-
ies. Heterogeneity amongst studies was assessed with the I2 
statistics(low: 25%, moderate: 50%, and high: 75%). Sub-
stantial heterogeneity was indicated by p < 0.10. If there 
was statistical heterogeneity among articles, a randomized-
effects model was conducted. Otherwise, using a fixed-
effects model estimated the pooled effects. Furthermore, we 
performed the subgroup analysis of CPAP treatment time (< 
3 months, and ≥ 3 months), age of patients (< 50 year, and 
≥ 50 year), AHI (< 30 events/h, and ≥ 30 events/h), body 
mass index (BMI < 30 kg/m2, and ≥ 30 kg/m2), sample size 
(< 20 and ≥ 20), method of detection (RIA and ELISA) to 
identify the possible sources of heterogeneity. Sensitivity 
analysis was conducted to assess the influence of the analysis 
results. Potential publication bias was shown by constructing 
funnel plot, using “Begg test” and “Egger test”. A value of p 
< 0.05 was considered as statistical significance.

Results

Characteristics of included studies

The detailed description of the steps of the article search 
was shown in Fig. 1. We initially identified 59 relevant arti-
cles; After reviewing the titles and abstracts, 43 articles were 
excluded because they were either reviews (n = 28), animal 
experiment (n = 1), conference abstract (n = 6), non-English 
articles (n = 6) or article from books (n = 2). 16 full texts 
were selected and further reviewed, among them, six articles 
were excluded for the following reasons: 1 lack of based data 
of AHI, 3 lack of before and after CPAP ET-1values; 2 do 
not study about the effect of CPAP on ET-1. Consequently, 
10 studies involved 375 patients were included in the article. 
One study was randomized clinical trial (RCT), others were 
self-control trials (SCT). Information about the ten included 
articles showed the basic characteristics of the patients in 
Tables 1 and 2.

Pooled analysis

The test for heterogeneity showed that there were consid-
erable differences across the studies [chi-squared = 98.40 
(df = 9), p < 0.001; I2 = 90.9%]. Therefore, meta-analysis 
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conducted using a random effects model. The result indi-
cated that there was a significant decrease in ET-1 in OSA 
patients before and after CPAP therapy (SMD = − 0.74, 95% 
CI = − 1.30 to − 0.17, z = 2.56, p = 0.01) (Fig. 2).

Subgroup analysis and sensitive analysis

To explore factors which may lead to heterogeneity in the 
effectiveness of CPAP treatment, we performed subgroup 
analysis based on CPAP treatment time, age of patients, 
AHI, mean BMI, sample size, method of detection. Sub-
group analysis showed that, in the severe OSA (AHI ≥  30 
events/h), elevated ET-1 was significantly decreased after 
CPAP therapy (SMD = − 0.87, 95% CI = − 1.472 to 0.257, 
z = 2.79, p = 0.005); meanwhile, subgroup analysis demon-
strated that ET-1 was significantly decreased after CPAP 
therapy duration < 3 months (SMD = − 1.933, 95% CI = 
− 2.981 to 0.884, z = 3.61, p < 0.001). Subgroup analysis 

also indicated that OSA subjects in studies with a sample 
size greater than 20 had an decreased ET-1 levels (SMD 
= − 1.12, 95% CI = 1.982 to 0.259, z = 2.55, p = 0.011). 
While the differences in age, mean BMI, method of detec-
tion, hardly affect CPAP efficacy. The detailed information 
on results of the subgroup analyses was showed in Table 3. 
Furthermore, sensitivity analysis indicated that the overall 
results were materially unchanged after deleting any one of 
the studies. (Fig. 3).

Publication bias

The funnel plot revealed that there was a small publication 
bias (Fig. 4), however, Egger’s tests (p = 0.118) and Begg’s 
tests (p = 0.152) demonstrated there was no evidence to 
confirm publication bias in the study. Furthermore, the trim 
and fill method was performed to show that no article was 
needed to correct for funnel plot asymmetry.

Fig. 1   Flow diagram of study 
selection. AHI apnea hypo-
pnea index, CPAP continuous 
positive airway pressure, ET-1 
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Discussion

This systematic review and meta-analysis assessed the effi-
cacy of CPAP on ET-1 in patients with OSA. A remarkable 
finding from our meta-analysis is that CPAP may be an 
effective intervention for the reduction of ET-1 in patients 
with OSA (SMD = − 0.74, 95% CI= − 1.30 to − 0.17, 
z = 2.56, p = 0.01). The results were further confirmed 
by subgroup analysis, and the results showed that CPAP 
was associated with a statistically significant decrease on 
ET-1 in severe OSA patients (AHI ≥ 30 events/h, SMD 
= − 0.87, 95% CI= − 1.472 to 0.257, z = 2.79, p = 0.005), 

patients with therapeutic duration less than 3 months(SMD 
= − 1.933, 95% CI= − 2.981 to 0.884, z = 3.61, p < 0.001) 
and OSA subjects in studies with a sample size greater 
than 20(SMD = − 1.12, 95% CI = 1.982 to 0.259, z = 2.55, 
p = 0.011).

The endothelium plays a significant impact in the regula-
tion of vascular function by secreting a large number of bio-
active substances that are involved in the regulation of vas-
cular tone, cells grown, inflammation, and thrombosis, such 
as ET-1 and NO [21]. The association between OSA and 
endothelial dysfunction has been demonstrated by several 
studies [22, 23], and earlier studies have shown that CPAP 
treatment results in an elevated NO levels [24]. However, it 

Table 1   Characteristics of included studies

Values are mean ± SD
SCT self-control trials, RCT​ Randomized controlled trials, CPAP continuous positive airway pressure, M month, D day, W week, h hour, NR not 
reported, ET-1 Endothelin-1, SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure, RIA radioimmunoassay, 
ELISA enzyme linked immunosorbent assay

First author Year Nation Sample size/male Study design CPAP duration Daily 
duration (h/
night)

Blood pressure (mmHg) ET-1 assay

Saarelainen [14] 1997 Finland 23/NR SCT 3M 5.7 SBP/DBP:144/104 RIA
Phillips [8] 1999 USA 22/17 SCT 1D 5 ± 0.4 MAP:103 ± 0.4 RIA
Grimpen [15] 2000 Germany 15/NR SCT 13.9 ± 1.4M 4.1 ± 0.7 MAP:96.5 ± 1.7 RIA
Moller [16] 2003 Denmark 13/12 SCT 14M NR SBP/DBP:121 ± 1.7/69 ± 1.7 RIA
Zhang [17] 2004 China 36/28 SCT 90D 6–8 NR ELISA
Jordan [18] 2005 Germany 14/NR SCT 147 ± 48D 4.91 ± 2.46 SBP/DBP:141.76 ± 

13.34/82.94 ± 7.72
ELISA

Diefenbach [19] 2009 Germany 201/NR SCT > 6M NR BP > 140/90 ELISA
Zamarron [20] 2011 Spanish 20/20 SCT 12M 5.24 ± 2.75 SBP/

DBP:128 ± 11/78.5 ± 10.5
ELISA

Liu [9] 2015 China 30/28 SCT 3D NR NR NR
Wu [10] 2016 China 11/NR RCT​ 6W NR NR ELISA

Table 2   Details of included studies

Values are mean ± SD
AHI Apnea–Hyponea Index, BMI Body Mass Index, LowSaO

2
 lowest arterial oxygen saturation, ET-1 Endothelin-1

a Presented as AI (Apnea Index)

First author Age (years) AHI (events/h) BMI (kg/m2) Low SaO
2

Pre-ET-1 (pg/ml) Post-ET-1 (pg/ml)

Saarelainen [14] 45 50.2a 36 72 8.0 ± 3.5 7.1 ± 3.3
Phillips [8] 59 ± 15 74 ± 22 42 ± 2 73 ± 2 13.7 ± 2.7 8.3 ± 0.6
Grimpen [15] 56.9 ± 1.6 5.3 ± 0.8 29.5 ± 0.7 NR 42.6 ± 2.1 42.9 ± 1.6
Moller [16] 25–70 30.1 ± 5.8 30.5 ± 1.5 68.3 ± 3.7 1.2 ± 0.1 1.2 ± 0.1
Zhang [17] 51.2 ± 4.6 32.4 ± 1.9 NR 68.9 ± 11.4 51.39 ± 11.69 33.41 ± 10.03
Jordan [18] 54.6 45.1 35.69 78.60 ± 11.41 1.12 ± 1.67 0.87 ± 0.49
Diefenbach [19] 57 ± 10 > 5 30.1 NR 0.95 0.87
Zamarron [20] 49.9 ± 8.9 45.2 ± 26.2 29.9 ± 4.6 NR 0.87 ± 0.35 0.85 ± 0.26
Liu [9] 48.77 ± 2.07 48.54 ± 4.27 28.90 ± 0.57 64.03 ± 2.71 0.79 ± 0.07 0.63 ± 0.08
Wu [10] 44.5 ± 9.85 50.16 ± 19.25 27.35 ± 2.16 69.95 ± 12.19 44.17 ± 5.35 40.04 ± 2.67
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NOTE: Weights are from random effects analysis
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Fig. 2   Comparison of ET-1 levels before and after continuous positive airway pressure treatment in the 10 included studies. SMD Standardized 
mean difference, CI confidence interval

Table 3   The results of subgroup 
analysis

AHI Apnea–Hypopnea Index, BMI Body Mass Index, SMD standardized mean difference, CI confidence 
interval, RIA radioimmunoassay, ELISA enzyme-linked immunosorbent assay

Subgroup Number 
of articles/
patients

Heterogeneity SMD

x
2 P I

2 (%) SMD 95% CI Z P

Age
 < 50 5/87 0.638 < 0.001 84.7 − 0.663 − 1.425 to 0.099 1.71 0.088
 ≥ 50 5/288 1.070 < 0.001 94.2 − 0.818 − 1.766 to 0.130 2.56 0.091

Sample size
 < 20 4/53 0.154 0.088 54.2 − 0.144 − 0.667 to 0.378 0.54 0.588
 ≥ 20 6/322 1.065 < 0.001 94.5 − 1.12 − 1.982 to 0.259 2.55 0.011

AHI
 < 30 1/15 0.000 – – 0.425 − 0.252 to 1.103 1.23 0.218
 ≥ 30 9/360 0.758 < 0.001 91.4 − 0.865 − 1.472 to 0.257 2.79 0.005

BMI
 < 30 4/66 1.147 < 0.001 90.2 − 0.601 − 1.337 to 0.135 1.18 0.238
 ≥ 30 5/273 0.605 < 0.001 89.7 − 0.666 − 1.772 to 0.440 1.60 0.109

CPAP duration
 < 3months 4/89 0.703 0.004 82.0 − 1.933 − 2.981 to 0.884 3.61 < 0.001
 ≥ 3months 6/286 0.285 < 0.001 82.1 − 0.268 − 0.720 to 0.183 1.17 0.244

Detection
 RIA 4/53 1.410 < 0.001 92.1 − 0.627 − 1.842 to 0.587 1.01 0.311
 ELISA 5/302 0.724 < 0.001 91.7 − 0818 − 1.544 to 0.093 1.70 0.089
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should be pointed that the effectiveness of CPAP on ET-1 
levels is controversial. Previous studies had shown that there 
was a significant reduction in ET-1 after CPAP treatment [8, 
9], particularly in OSA patients. Similar results were showed 
in Zhang’s study [17], CPAP therapy could play an impor-
tant role in reducing ET-1 and vascular endothelial dysfunc-
tion. Wu found that CPAP results in a reduction in ET-1 
levels, which contributes to endothelial function recovery 
by improving respiratory events at night [10]. Nevertheless, 
some investigators provided opposite results. Zamarronc 
showed a significant upregulation of ET-1, as compared with 
controls, but no change in ET-1 after CPAP treatment [20]. 
In agreement with previous study, Grimpen showed CPAP 
treatment can mitigate nocturnal hypoxaemia and reduce 

noradrenaline levels, while not affecting ET-1 plasma levels 
[15]. In concordance with Moller’s report, improvement of 
the nocturnal hypoxemia by CPAP therapy decreases BP, but 
not ET-1 [16]. In present meta-analysis, the results showed 
that levels of ET-1 are significantly decreased in subjects 
with OSA before and after CPAP therapy. The discrepancy 
in results is most likely due to differences in the severity of 
OSA、CPAP duration、 sample size and the measurement 
of ET-1. Therefore, we conducted subgroup analysis to iden-
tify the possible reason might contribute to the conflicting 
results.

ET-1 has been considered as an important cause in the 
development of cardiovascular risk and endothelial dysfunc-
tion [25]. Most studies reported higher ET-1 levels among 
OSA patients, especially in severe OSA patients. Previous 
study showed OSA patients had a higher ET-1 and a higher 
BP, and the mean nocturnal level of ET correlated signifi-
cantly to the AHI [26]. Current studies reported that the 
degree to ET-1 affected was associated with the severity 
of the patients’ condition. Similarly, our subgroup analysis 
showed that elevated ET-1 was significantly decreased after 
CPAP therapy in the severe OSA [27]. The reason that may 
help explain the result could be that these severe patients 
have physiological abnormalities with more severe noctur-
nal hypoxemia, such as vascular endothelial dysfunction and 
inflammation [28].

However, the exact mechanism on the link between OSA 
and endothelial dysfunction was not fully understood. It is 
well known that OSA is the most common medical disease 
that characterized by intermittent hypoxia, which is related 
to increased reactive oxygen species (ROS) and oxidative 
stress response [29]. Some studies reported that intermittent 

Fig. 3   Sensitivity analysis of the 
included studies. CI confidence 
interval
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Fig. 4   Funnel plots for assessing publication bias of studies included. 
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hypoxia and increased production of ROS may accelerate 
endothelial injury [30]. In addition, excessive oxidative stress 
could reduce the activity of NO and accelerate endothelial dys-
function [31]. Moreover, in animal studies, Briancon reported 
that intermittent hypoxia exposure increases cardiac ET-1 and 
enhances myocardical sensitivity in rats [32]. Similarly, Wang 
demonstrated higher expression of ET-1 and ETA receptor in 
coronary vessels after intermittent hypoxia exposure, whereas 
expression of ETB receptor was decrease [33]. Therefore, we 
reasoned that intermittent hypoxia in OSA patients might pro-
mote endothelial dysfunction and it is closely related to ET-1.

As we all know, CPAP has been considered as the most 
common treatment for OSA patients, which can significantly 
improve OSA associated hypoxia condition and oxidative 
stress [11], as well as significantly improve endothelial dys-
function by reducing oxidative and inflammatory activities 
and improving endothelial capacity for repair [34]. Consist-
ently, our present analysis showed that CPAP therapy could 
decrease the ET-1 level, especially in OSA patients with less 
than 3 months of CPAP duration. The results may be associ-
ated with CPAP treatment adherence of those patients [35]. 
In the studies of Baratta, adherence to CPAP was positively 
related to severity of OSA and negatively related to ciga-
rette smoking and previous cardiac events [36]. It has been 
shown that better CPAP adherence was significantly related 
to a greater decrease in OSA patients with inattention [37]. 
Nevertheless, we are unable to determine if those patients 
have a greater adherence to treatment.

To our best knowledge, this meta-analysis is the first 
study investigating the effects of CPAP therapy on ET-1 
in patients with OSA. However, there are some limitations 
to this study. First, most of the studies included were just 
observation studies and there was only one RCT, which may 
weaken the stringency of the study. Second, the heterogene-
ity test indicated that there were considerable differences 
among individual studies (chi-squared = 98.40 (df = 9), p 
< 0.001; I2 = 90.9%), indicating that heterogeneity existed 
among the studies. Since there is difference existed in dif-
ferent countries and different study designs and it is impos-
sible to carry out subgroup analysis eliminate such differ-
ence, inconsistent outcomes is obtained. Third, ET-1 was 
measured and mentioned differently, which might due to 
the short-life ET-1 whose activity is different measure [26]. 
Therefore, the results should be interpreted with caution. 
Finally, non-English studies were excluded, which may lead 
to potential publication bias.

Conclusions

In conclusion, our meta-analysis indicates that the CPAP 
therapy has a significant effect in reducing the ET-1 levels 
in OSA patients. However, the results need to be interpreted 

with caution due to a high heterogeneity. To further inves-
tigate whether CPAP can affect ET-1 in subjects with OSA, 
more long-term, large-scale interventional investigations are 
needed.
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