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Abstract
Purpose Cumulative evidence supports the clear relationship of obstructive sleep apnea (OSA) with cardiovascular disease
(CVD). And, adherence to continuous positive airway pressure (CPAP) treatment alleviates the risk of CVD in subjects with
OSA. Vascular endothelial growth factor (VEGF), a potent angiogenic cytokine regulated by hypoxia-inducible factor, stimulates
the progression of CVD. Thus, whether treatment with CPAP can actually decrease VEGF in patients with OSA remains
inconclusive. The purpose of the present study was to quantitatively evaluate the impact of CPAP therapy on VEGF levels in
OSA patients.
Methods We systematically searched Web of Science, Cochrane Library, PubMed, and Embase databases that examined the
impact of CPAP on VEGF levels in OSA patients prior toMay 1, 2017. Related searching terms were Bsleep apnea, obstructive,^
Bsleep disordered breathing,^ Bcontinuous positive airway pressure,^ Bpositive airway pressure,^ and Bvascular endothelial
growth factor.^ We used standardized mean difference (SMD) to analyze the summary estimates for CPAP therapy.
Results Six studies involving 392 patients were eligible for the meta-analysis. Meta-analysis of the pooled effect showed that
levels of VEGF were significantly decreased in patients with OSA before and after CPAP treatment (SMD= − 0.440, 95%
confidence interval (CI) = − 0.684 to − 0.196, z = 3.53, p = 0.000). Further, results demonstrated that differences in age, body
mass index, apnea–hypopnea index, CPAP therapy duration, sample size, and racial differences also affected CPAP efficacy.
Conclusions Improved endothelial function measured by VEGF may be associated with CPAP therapy in OSA patients. The use
of VEGF levels may be clinically important in evaluating CVD for OSA patients. Further large-scale, well-designed long-term
interventional investigations are needed to clarify this issue.
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Introduction

An epidemiological study has implicated that obstructive
sleep apnea (OSA), characterized by the presence of collapse
of airway during sleep that leads to intermittent hypoxia, is a
common condition affecting 4% of middle age population [1].
Cumulative evidence supports the clear relationship of OSA
with cardiovascular disease (CVD). That is attributed to the
repetitive sympathetic activation, which may induce the

regulation of neural, humoral, and inflammatory responses
and promote endothelial dysfunction [2]. And, available data
is in favor of adherence to continuous positive airway pressure
(CPAP) treatment, alleviating the risk of CVD in subjects with
OSA [3].

Vascular endothelial growth factor (VEGF), a potent angio-
genic cytokine regulated by hypoxia-inducible factor, stimu-
lates the progression of CVD [4]. Several studies have
highlighted that expression of VEGF were increased not only
in mice exposed to intermittent hypoxia [5] but also in OSA
patients [6]. Previous researches by Schulz [6] and Imagawa
[7] indicated that concentrations of VEGF were elevated in
OSA patients, which were linked with the severity indexed by
the apnea–hypopnea index.

Given the potentially serious prognosis of untreated OSA
patients, it is crucial to emphasize the role of CPAP in the risk
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of CVD, with a regulation of VEGF [8]. However, the out-
comes of CPAP have revealed conflicting results. The authors
have described an additional beneficial effect after 1 year of
adherent CPAP treatment in 10 OSA patients but not in non-
compliant patients. It is speculated that CPAP could decrease
VEGF levels via the reduction of nocturnal hypoxia [8].
Similarly, significantly reduced serum VEGF levels in OSA
patients were presented after improvement of nocturnal hyp-
oxia through oxygen administration [9]. Conversely, regard-
less of exposure to a short-term CPAP therapy, other investi-
gators reported unchanged VEGF levels [10]. Further, it was
reported that 1-weekwithdrawal fromCPAP treatment led to a
return in daytime urinary noradrenaline, reflecting increased
sympathetic activity, and unfortunately, this was not accom-
panied by increased circulating VEGF levels [11]. Moreover,
plasma values of VEGF rose after improvement of the noctur-
nal hypoxia by nasal CPAP over several months, reflecting
endothelial restoration process [12].

Thus, whether treatment with CPAP can actually decrease
VEGF in patients with OSA remains inconclusive. The pur-
pose of the present study was to quantitatively evaluate the
impact of CPAP therapy on VEGF levels in OSA patients.

Methods and materials

Literature search and selection

We systematically searched Web of Science, Cochrane
Library, PubMed, and Embase databases prior to May 1,
2017, on original English language literatures, which were
limited to human studies. All searches included free text and
correspondingMeSH terms, and the combination of following
search terms were used: (1) Bobstructive sleep apnea,^ Bsleep
apnea, obstructive,^ Bsleep apnea syndrome,^ BOSA,^ Bsleep
apnea,^ Bsleep apnea or sleep apnoea,^ Bsleep disordered
breathing,^ BSDB^; (2) Bcontinuous positive airway
pressure,^ BCPAP,^ Bpositive airway pressure,^ BPAP^; (3)
BVascular endothelial growth factor,^ BVEGF .̂ Besides, we
manually searched for additional researches from the refer-
ence lists of relevant publications. Two investigators indepen-
dently reviewed related studies based on title and abstract that
included empirical data linking to the treatment outcome on
VEGF in OSA. A third researcher should make consensus if
any disagreement between the two reviewers was aroused.

Studies were included if they satisfied the following
criteria: (1) observational studies or randomized control trails;
(2) the study populations were limited to adults (age ≥ 18); (3)
OSA subjects were diagnosed for the first time and never
received any form of treatment before except for CPAP; (4)
OSAwas diagnosed based on standard polysomnography; (5)
the concentrations of VEGF needed to be reported both before
and after CPAP; and (6) sufficient data were presented that

allowed for a meta-analysis. Exclusion criteria were as fol-
lows: (1) studies which disagreed with the inclusion criteria
would be excluded; (2) non-English literature; (3) abstracts,
case reports, editorials, expert opinions, letters, animal studies,
and reviews without original data; and (4) unpublished data
from conference. Whenmultiple studies reported effects using
the same patient group, the research with the largest popula-
tion was included. If the studies did not provide adequate data,
the corresponding author was contacted; after two no-
response attempts, the studies were also ruled out.

Data extraction and analysis

Two authors independently extracted the data from each study
including first author’s name, the year of publication, study
design, country of the study, number of patients, duration of
CPAP therapy, source of VEGF, values of VEGF before and
after CPAP treatment, and patients’ characteristics.

The meta-analysis was conducted using Stata statistical
software (Version 12.0, Stata Corporation, College Station,
TX, USA). Standardized mean difference (SMD) was used
for analyzing the summary estimates, considering VEGFmea-
sured and reported differently. Q and I2 statistics were consid-
ered statistical heterogeneity among individual studies.

If there was evidence of statistical heterogeneity indicated
by p < 0.10 or I2 > 50%, then a randomized-effects model was
applied to combine effect size. Otherwise, a fixed-effects
model was conducted to estimate the pooled effects.
Sensitivity analysis was performed to explore the influence
of a single study on overall efficacy of CPAP of this meta-
analysis.

Potential publication bias was presented using funnel plot
and tested by BBegg test^ and BEgger test^. A p < 0.05 was
considered as statistically significant for the overall effect size.

Quality assessment

The Cochrane risk of bias tool [13] was used to independently
assess study quality by two reviewers. Each study was evalu-
ated from six aspects: random sequence generation, allocation
concealment, blinding of the participant, blinding of outcome
measures, incomplete data, and selective reporting. The dis-
crepancy was resolved by a third reviewer.

Pool analysis

The heterogeneity test revealed that there were significant dif-
ferences among individual studies (chi squared = 250.83, p =
0.000, I2 = 98.0%). Therefore, a randomized-effects model
was used for the pooled analysis. Meta-analysis of the pooled
effect showed that levels of VEGF were significantly de-
creased in patients with OSA before and after CPAP treatment
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(SMD= − 0.440, 95% confidence interval (CI) = − 0.684 to −
0.196, z = 3.53, p = 0.000) (Fig. 2).

Publication bias and sensitivity analysis

The funnel plot (Fig. 3) showed that small publication bias
might exist. However, Begg’s tests (p = 0.734) and Egger’s
tests (p = 0.147) suggested no evidence to support publication
bias in our meta-analysis. Furthermore, sensitivity analysis
revealed that omitting any one of the studies at a time did
not influence the overall result of the pooled analysis,
confirming temperate overall results (Fig. 4).

Subgroup analysis

In order to explore factors which may lead to heterogeneity in
the effectiveness of CPAP, we performed subgroup analysis.
Potential factors such as baseline BMI, severity of OSA,
CPAP therapy duration (< 3 and ≥ 3 month), sample size (<
60 and ≥ 60), sample (plasma and serum), racial differences
(Asian and none Asian), and study design (RCTs and non-
RCTs) were accessed.With regard to changes in VEGF before

and after CPAP treatment, it was likely that an AHI ≥ 30
events/h, a BMI < 35 kg/m2, a CPAP therapy duration
≥3 months, an Asian location, serum sample, and non-RCTs
were the factors leading to heterogeneity (Table 3).

Results of searching results

As shown in Fig. 1, our initial literature search yielded 461
relevant publications and a total of 455 remained after dupli-
cate entries were excluded. On further screening, nine papers
were considered to be potentially relevant and 446 records
were removed based on reasons listed in Fig. 1. Of the nine
publications, requisite data were not available in three articles.
Finally, six studies involving a total of 496 subjects were
eligible for our meta-analysis. We developed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) protocol [14]. Details of the literature search are
outlined in Fig. 1. Basic characteristics of the six eligible stud-
ies are presented in Table 1. There were five observational
studies and one randomized clinical trial among all included
records (Tables 1, 2, and 3).
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461 records identified through 

database searching:

113  articles from Medline 

41   articles from Embase 

307  articles from Cochrane central  

register 

0 of additional record identified 

through other sources 

6 records after duplicates removed  

455 records screened  

446 records excluded (most for >1 

reason): 

01 included articipant younger than 

18 years; 

31 articles were reviews (n=29), letter 

(n=1) or case report (n=1) 

03 articles central apnea 

09 artilces no intervention; 

10 articles basic research 

25 articles evaluated other treatments  

367 others (title and abstract)

9 full-text articles assessed for 

eligibility 

2 article no respond 

1 article incomplete AHI data  

6 of studies included in quantitative 

synthesis(meta-analysis) 

Fig. 1 Flow diagram of study
selection



Discussion

In the present meta-analysis, we quantitatively explored the im-
pact of CPAP treatment onVEGF in adults withOSA.A remark-
able finding from our study is that response to CPAP, a reduction
of hypoxia-responsive angiogenic marker VEGF, was indicated.
Also, significant results were observed in the subgroup analysis.

Notably, the majority of data suggest that patients with
OSA are exposed to increasing risk for CVD [17].
Repetitive hypoxic events during sleep may be partly respon-
sible for the link. Thus, it may be significantly clinical to
report a decline of VEGF concentration with treatment of
sleep apnea and potentially reduced angiogenesis, which indi-
cated a better endothelial function. However, it should be
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Fig. 2 Meta-analysis and forest plot of all studies included. Calculations based on a randomized-effects model. SMD, standardized mean difference

Fig. 3 Funnel plots for assessing
publication bias of studies
included. SE, standard error;
SMD, standardized mean
difference



pointed out that there has no consistent conclusion regarding
the effects of CPAP on circulating VEGF levels, meanwhile, it
remains unclear that CPAP alleviates the vascular injury to
what extent. Previous publications [8, 15] had confirmed that
increased VEGF could be normalized by appropriate CPAP
intervention, particularly in OSA patients. Nevertheless, some
investigators suggested that short follow-up duration of CPAP
may have given insufficient time to affect vascular outcomes
[10]. Especially for those patients with prior diagnosis of se-
vere OSA, an immediate return of significant hypoxemia was
accompanied with withdrawal from CPAP therapy. And, sim-
ilar results were demonstrated in the study of Valipour, in
which differences in patients with an AHI of greater than 15/
h, subjects with an AHI of less than 5/h, and OSA patients
undergoing CPAP were analyzed, with no significant differ-
ences among groups [18]. In agreement with previous study,
Philips demonstrated that the sympathetic activity changes
during CPAP withdrawal, with no change in plasma values
of VEGF [11]. On the contrary, improvement of the nocturnal
hypoxia by nasal CPAP was accompanied with an increase of
VEGF over several months, which reflected an endothelial
restoration process and a decrease of endothelial damage
[12]. The small number of participants, the absence of a

control group, the measurement of VEGF, the compliance
with the therapy [19], and the duration of the treatment [20]
may explain the inconsistent findings. According to the pres-
ent analysis, we supposed that it is academically rational that
CPAP therapy, to some extent, could reduce VEGF levels. We
tentatively put forward a beneficial action on the endothelium
via the attenuation of the hypoxia-related damage, resulting
from lower oxidative stress.

It should be noted that in most studies of our analysis,
CPAP intervention duration was short. And, the duration of
CPAP therapy ranging from one night to 1 year may be an
important contributor to the susceptibility of primary studies
to confounding.We actually believed that it is possible that the
limited adherence to therapy may be insufficient to drive pro-
tection [21, 22]. However, adequate CPAP adherence remains
a challenging issue [23]. Possible improved outcomes at better
CPAP adherence time need to be supported by more large-
scale well-designed clinical trials [24]. In reality, significantly
reduced VEGF levels were interpreted in patients who com-
plied with 1 year of CPAP application [8]; another group re-
ported increased circulating VEGF after 3 months with CPAP
[12]. Furthermore, according to different treatment durations,
a subgroup analysis was performed to understand how long it

Table 1 Characteristics of include studies

Study Year Nation Sample size CPAP compliance Therapy duration Study design Sample

Turnbull [15] 2016 UK 108 > 4 h/day 14 days RCT Serum

Munoz-Hernandez [12] 2015 Spain 60 5.26 ± 1.6 h/day 3 months Observational Serum

Maeder [10] 2015 Switzerland 24 NR One night Observational Plasma

Ciftci [16] 2011 Turkey 138 > 4 h/day 12 weeks Observational Serum

Phillips [11] 2007 Australia 40 > 4 h/day One night Observational Serum

Lena [8] 2002 Israel 22 4.2 ± 2.4 h/day 1 year Observational Plasma

RCT randomized controlled trial, NR not reported
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will take to reduce VEGF levels by effective CPAP therapy,
reflecting that VEGF levels changed significantly and de-
creased after 3 months. Nevertheless, it is still unclear that
how long it is adequate to provoke changes in the endothelial
restoration process [11, 25].

Details of the exact mechanism on the link between OSA
and vascular injury have been extensively investigated in ma-
jority of studies, unfortunately, it was still not fully under-
stood. It should be acknowledged that, as a primary treatment
for OSA, there is evidence to suggest that CPAP treatment

could not only reduce sympathetic activity [26] but also lead
to a favorable effect on endothelial function [27].
Unfortunately, the causative association of chronic intermit-
tent hypoxia and inflammation in the process of CVD remains
unclear [28]. As a pro-angiogenic factor, the production and
release of VEGF can mobilize endothelial progenitor cells and
may enhance the recruitment of these cells to the injured vas-
cular tissue [29]. The ischemic tissue or organ compensates
for the decreased oxygen via the upregulation of blood supply.
Particularly, in precapillary pulmonary vessels, vascular

Table 2 Patients’ characteristics of the trials included in the meta-analysis

Study Age (years) BMI (kg/m2) AHI (RDI) (events/h) Pre-CPAP VEGF (pg/ml) Post-CPAP VEGF (pg/ml)

Turnbull, C. D. 2016 62.2 ± 7.9 33.8 ± 6.2 41.9 ± 19.1 259.2 ± 202.74 205.7 ± 189.63

Munoz-Hernandez, R. 2015 51.70 ± 11.54 35.83 ± 6.56 56.28 ± 25.53 585.02 ± 246.06 641.11 ± 212.69

Maeder, M. T. 2015 50 ± 17 28 ± 6.5 8 ± 4 177 ± 197.03 87 ± 74.04

Ciftci, T. U. 2011 53.27 ± 11.38 30.9 ± 6.2 48.4 ± 30.4 168.16 + 3.7 106.05 + 8.5

Phillips, C. L. 2007 54 ± 13 36 ± 6 46 ± 26 114.1 ± 21 120 ± 29

Lena Lavie 2002 54.3 + 9.13 30.9 + 4.8 80.7 ± 21.3 57.1 + 62.5 39.6 + 46.9

Mean standard ± deviation

BMI body mass index, AHI apnea–hypopnea index, CPAP continuous positive airway pressure

Table 3 The results of subgroup
analyses Subgroup No. study and

patient
Heterogeneity SMD

X2 P I2 (%) SMD 95% CI Z P

AHI

< 30 2/64 2.55 0.111 60.7% − 0.073 − 0.569to0.423 0.29 0.773

≥ 30 4/328 245.51 0.000 98.8% − 0.557 − 0.837–0.277 3.90 0.000

BMI

< 35 4/292 232.23 0.000 98.7% − 0.864 − 1.175–0.533 5.45 0.000

≥ 35 2/100 0.00 0.979 0.0% − 0.440 − 0.684–0.196 1.19 0.233

Nationality

Asian 2/160 181.27 0.000 99.4% − 3.241 − 3.967–2.515 8.75 0.000

None Asian 4/232 5.09 0.165 41.0% − 0.083 − 0.342–0.76 0.63 0.528

CPAP duration

< 3 months 3/202 2.79 0.247 28.4% − 0.114 − 0.399–0.172 0.78 0.435

≥ 3 months 3/190 229.58 0.000 99.1% − 0.440 − 0.684–0.196 5.51 0.000

Sample

Plasma 2/46 0.23 0.631 0.00 − 0.464 − 1.052–0.123 1.55 0.121

Serum 4/346 250.59 0.000 98.8% − 0.435 − 0.703–0.167 3.18 0.001

Sample size

< 60 3/86 2.78 0.248 28.2% − 0.136 − 0.563–0.291 0.62 0.533

≥ 60 3/306 245.15 0.000 99.2% − 0.587 − 0.884–− 0.290 3.87 0.000

Study design

RCT 1/108 0.00 – – 0.272 − 0.107–0.650 1.40 0.160

No RCT 5/284 249.54 0.000 98.4% 0.559 0.240–0.878 3.44 0.001

Mean standard ± deviation

BMI body mass index, AHI apnea–hypopnea index, CPAP continuous positive airway pressure, SMD standard-
ized mean difference
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remodeling was increasing when animals were exposed to
chronic hypoxia [30]. Apart from vascular inflammation, we
also focus on the lack of the inhibitory effect induced by nitric
oxide on VEGF gene expression [31]. Also, based on repeated
intermittent nocturnal hypoxemic insults, increased transcrip-
tion of VEGF gene can be stimulated by hypoxia-inducible
factor [32]. And, findings need to be interpreted that the CPAP
withdrawal model could lead to dramatic return in OSA pa-
tients, with a considerable rise in blood pressure, catechol-
amine excretion, and reduced endothelial function [12]. We
hypothesis that it occurred because of lower oxidative stress
during sleep in those without sufficient CPAP treatment.

Additionally, in most of included reports, VEGF was de-
termined in serum rather than in plasma, which may account
for the discrepant findings. It was indicated that serum VEGF
reflects platelet and leukocyte release in vitro, contributing to
the ascent VEGF concentrations [33]. Although plasma was
recommended by some investigators for VEGF analysis [34],
there still existed a robust linear relation of VEGF concentra-
tion between serum and plasma in OSA patients [35].

Several limitations of the current study must be acknowl-
edged. First, although we did an exhaustive literature search
and enrolled six studies into our meta-analysis, the sample size
of each study was relatively small. Multicenter, large-scale
studies are required to explore the effect of CPAP on improv-
ing endothelial function. Second, because of self-control study
design in most studies, the presence of methodological hetero-
geneity seemed impossible. Due to differences in adherent and
non-adherent individuals rather than their use of CPAP, anal-
yses based on nonrandomized comparisons may be responsi-
ble for confounding. Moreover, it would be unethical to leave
diagnosed OSA untreated in order to report potential changes
in VEGF. Third, especially significant heterogeneity such as
variability in AHI, duration of therapy was observed, which
may affect the accuracy of the conclusion. It is still possible
that VEGF could be affected by long-term CPAP use rather
than short-term. However, the publication bias and sensitivity
analysis implicated that all studies enrolled into the final anal-
ysis were relatively objective and reliable. Fourth, most of
them did not refer to the factors in details including medica-
tion, food, and hormonal supplementation which may affect
VDGF levels. In fact, they concerned more on diseases and
any other sleep-related disorders, heavy alcohol exposure, or
concurrent treatment which may affect OSA outcomes.
Nevertheless, we should still focus on these confounders in
future research. In addition, only papers published in English
were enrolled; it may cause potential publication bias. Finally,
different studies utilized a variety of measurement techniques
for VEGF. Accounting for VEGF measured and reported dif-
ferently, we used SMD to report the summary estimates in-
stead of the absolute level.

Conclusion

Improved endothelial function measured by VEGF may be
associated with CPAP therapy in OSA patients. Further
large-scale, well-designed long-term interventional investiga-
tions addressing effect of CPAP on VEGF expression in OSA
and outcome in terms of CVD are needed to answer these
questions.
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