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Introduction

Obstructive sleep apnea (OSA) is a common disease with 
an estimated prevalence of approximately 22% in men 
and 17% in women (1). This disorder is characterized 
by recurrent collapse of the upper airway during sleep, 
resulting in repetitive asphyxia and arousal from sleep. 
These fragmentations of sleep lead to daytime sleepiness, 

decreased quality of life, and increased risk of traffic 
accidents and industrial injuries. By increasing the 
intraluminal pressure in the pharynx, continuous positive 
airway pressure (CPAP) treatment is effective for all degrees 
of OSA, and CPAP has been shown to reduce excessive 
sleepiness and cardiovascular events.

The prevalence of non-sleepy OSA [with an Epworth 
sleepiness scale (ESS) score ≤10 and whose sleepiness 
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does not disturb social or work activities] among middle-
aged adults has been shown to be as high as 30% (2,3). The 
management of non-sleepy subjects constitutes a major 
challenge. Whether CPAP should be strongly recommended 
in non-sleepy OSA patients with a high apnea-hypopnea 
index (AHI), especially where there is an association with 
cardiovascular disorders, is still a matter of debate. The 
findings from randomized controlled trials (RCTs) have 
been controversial. A meta-analysis including four RCTs 
shows that CPAP can reduce OSA severity and sleepiness, 
but CPAP cannot reduce blood pressure in minimally 
symptomatic OSA patients, except in those patients with 
optimal adherence to CPAP (4). Whether non-sleepy patients 
can benefit from CPAP treatment in other respects, such as 
reducing cardiovascular endpoint risk, is still unknown. As 
only a limited number of such patients have been included 
in each trial, we performed a meta-analysis to answer this 
clinically and epidemiologically important question.

Methods

This systematic review and meta-analysis adheres to the 
Preferred Reporting Items for Systematic Review and Meta-
analyses (PRISMA) statement for reporting on systematic 
reviews (5). Additionally, we conducted the meta-analysis 
following the Cochrane Handbook for Systematic Reviews 
of Interventions. 

Data sources and literature searches

We searched four online databases: Medline, Embase, the 
Cochrane Library and the Cochrane Central Registry of 
Controlled Trials from January 1, 1996 to April 1, 2016. 
Keywords used to identify RCTs of CPAP in the treatment 
of OSA were (apnoea.af or apnea.af or hypopnoea.af or 
hypopnea.af) and (CPAP.af or continuous positive airway 
pressure.af or positive airways pressure.af or positive pressure.
af) and (randomized controlled trial.pt or. ti or clinical trial.
pt or .ti) and (minimally symptomatic.af or nonsleepy.af or 
asymptomatic.af). Suffixes indicated search fields used in 
Medline (.af = all fields, .pt = publication type, and .ti = title). 
Reference lists of all identified trials and review articles were 
also screened for relevant trials. Clinical trial registries were 
searched for unpublished trials (supplementary: search details).

Inclusion criteria

Trials must include patients diagnosed with minimally 

symptomatic, asymptomatic or non-sleepy OSA, and trials 
must group patients into a CPAP treatment group and a 
control group [sham-CPAP or no CPAP (standard care)]. 
Studies that were RCTs or prospective case control trials 
(CCTs) with treatment groups of at least 4 weeks of CPAP 
therapy undertaken on adult patients were included. Two 
investigators (D Zhang and J Luo) independently applied 
the following selection rules to the studies identified in the 
systematic search.

Validity assessment

Before abstracting data, two investigators independently 
assessed the studies using the Jadad scale, which is a 
validated scale designed to measure trial quality. This scale 
ranges from 0 to 5 by scoring the randomization, double 
blinding and inclusion of detailed data on dropouts and 
withdrawals. There were no disagreements between the 
investigators on the Jadad scores of included trials.

Data collection

A list of the required variables for analysis was included in 
the protocol before data collection. Baseline and follow-up 
data on ESS and AHI [or oxygen desaturation index (ODI)] 
were desirable, along with age, gender, body mass index 
(BMI), blood pressure and the number of patients who used 
antihypertensive drugs. CPAP treatment usage (mean hours 
used per night) during follow-up was collected for patients 
randomized to the CPAP group. Systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) measurements 
from baseline and follow-up were required along with 
treatment allocation. The cardiovascular events included 
nonfatal myocardial infarction, revascularization, stroke, 
transient ischemic attack, hospitalization for unstable angina 
or arrhythmia, heart failure, cardiovascular death and all-
cause mortality. The data of cardiovascular events were also 
needed in all the follow-up visitors. If we could not contact 
the authors, we relied on data reported in previous meta-
analyses.

Data synthesis and analysis

STATA 12.0 (STATACorp, College Station, Texas, USA) 
was used for all statistical analysis, using the metan, 
metareg, metaninf and metabias commands to generate 
pooled estimates and plots. The mean differences in 
treatment responses between CPAP and control groups 
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Records identified through database search (n=171)
PubMed 102
Embase 47

Cochrane Library 15
ClinicalTrials.gov 7

Records excluded with reasons (n=126)
- irrelevant 111
- letters and comments 3
- trail description 2
- review and meta-analysis 9
- baseline characteristics 1

Full texts excluded with reasons (n=9) 
- just report CPAP adherence 3
- inflammation factors 1
- endothelial function 1
- including sleepy patients 1
- cardiac function1
- cardiovascular risk score 1
- have overlapping population 1

Records after duplicates removed (n=29)

Articles included in quantitative synthesis (n=7)
BP n=5, ESS n=5, AHI/ODI n=3, OR n=3

Full texts assessed for eligibility (n=16)

Records screened (n=142)

Figure 1 Trial inclusion flow chart.

and the standard error of that difference from individual 
studies were meta-analyzed (METAN). Pooled estimates of 
treatment responses were calculated with random effects 
model assumptions. Heterogeneity in treatment effects 
between trials was tested by using the I2 analysis. Summary 
estimates were also calculated excluding each study 
sequentially to measure the influence of individual study 
effects on the pooled estimate (METANINF). Publication 
bias was evaluated visually using the funnel plot and 
statistically (METABIAS) using Egger’s and Begg’s tests. 
The outcome measures were the mean differences between 
the treatment and control groups in the change in blood 
pressure, AHI, ESS and risk of cardiovascular diseases from 
baseline to the end of the trials. 

Results

Identification and description of included studies

The systematic literature search identified 171 articles. After 
applying the exclusion criteria, both authors agreed that  
7 articles were eligible with 1,541 patients in total. The 
reasons for excluding the other 164 studies are shown 
in Figure 1. One study about the effect of CPAP on 

cardiovascular biomarkers in minimally symptomatic OSA 
patients (6) was excluded because the study only involved  
13 patients, and among them, 2 patients had ESS values 
greater than 10. One article (7) about the 1-year effects 
of CPAP on hypertension was excluded because more 
exhaustive results were published in another article (8). 
The MOSAIC (Multicenter Obstructive Sleep Apnea 
Interventional Cardiovascular) trial reported many aspects 
of the effects of CPAP in minimally symptomatic OSA, 
such as the vascular function (9), cardiac function (10), 
calculated cardiovascular risk (11), inflammation factors (12),  
subjective sleepiness measured by the maintenance of 
wakefulness test and quality of life assessments (13); but 
we did not find enough data published in other trials, so 
we could not include these papers in our meta-analysis. 
Of the remaining articles, 5 studies (8,14-17) recorded the 
change in BP and ESS, 3 studies (14,15,17) reported the 
change of AHI or ODI and 3 studies (8,18,19) reported the 
cardiovascular events in long term follow-up.

The detailed design characteristics and Jadad score judging 
the bias risk of the included studies are summarized in Table 1,  
and the patients’ baseline characteristics are summarized in 
Table 2. The article Turnbull et al. [2014] (18) was a subset 
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of the MOSAIC trial, and 188 patients of the original trial 
were followed for 2 years to record the cardiovascular 
events. Because the original characteristics were reported in 
Craig et al. [2012] (15), we did not repeat the characteristics of 
the subset article. Only the first period data of the crossover 
study by Robinson et al. (14) were used. Two small studies 
(14,17) used the sham-CPAP as the control and had a shorter 
follow-up period, while the remaining trials (8,15,16,19) 
compared the CPAP with no CPAP and had a follow-up 
period of at least 6 months. The quality of the studies varied 
substantially, as two small studies (14,17) had a Jadad score 
of 5, two studies (8,15) had a Jadad score of 3 and the other 
two studies (16,19) had Jadad scores of 2 and 1, respectively. 
Even with low Jadad scores, the results of the studies were 
cautiously assessed and considered comprehensive and 
reliable, so we did not exclude them in our analysis. The 
common reason for the deduction score was the lack of 
double blinding because the control groups only used pills 
or conservative therapy. The OSA severity range was wide, 
and the average AHI or ODI varied from 10.2 to 55.4 
events/h in these trials. Because ODI and AHI are relatively 
similar, and for pragmatic reasons were assumed to be the 
same, we used ODI if AHI was unavailable. All studies 

regarded patients with an ESS ≤10 as non-sleepy; apart 
from the MOSAIC trial, the mean ESS was 7.95, allowing 
the clinician to decide whether a patient was minimally 
symptomatic by a pragmatic approach. 

Analyses

The primary outcomes were the absolute change in SBP and 
DBP between baseline and follow-up. Secondary outcomes 
were changes in ESS, AHI (ODI) and the cardiovascular 
risk. The absolute change in SBP and DBP between 
baseline and follow-up in Figure 2 shows that there was a 
slight decrease both in SBP and DBP of −0.51 mmHg (95% 
CI, −3.39 to 2.38 mmHg; P=0.73) and −0.92 mmHg (95% 
CI, −1.39 to −0.46 mmHg; P<0.001), respectively in the 
CPAP group, compared with the control group. Significant 
heterogeneity was present among studies (I2=84%, P<0.001) 
in SBP. However, the summary estimates show that CPAP 
therapy could not reduce the SBP. The CPAP treatment can 
reduce DBP by 0.92 mmHg compared with the control. 

As shown in Figure 3, CPAP may not improve subjective 
sleepiness assessed by the ESS scale compared with the 
control group as the difference was −0.51 (95% CI, −1.68 

Figure 2 Effect of CPAP on systolic and diastolic blood pressures (SBP and DBP). CPAP, continuous positive airway pressure; SBP, systolic 
blood pressure; DBP, diastolic blood pressure.
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to 0.67; P=0.397). Despite the large heterogeneity among 
studies (I2=72.7%, P<0.001), influence analysis (Figure S1) 
did not find any single study significantly affecting the 
overall meta-analysis estimate.

There was a strong, statistically significant effect of 
CPAP on AHI or ODI, reducing it by 15.57 (95% CI, 
−29.32 to −1.82; P=0.026) events/h compared with control, 
which is shown in Figure 4. The result of Barbé et al. (17) 
caused a large amount of heterogeneity; if this study was 
removed, the estimate of the treatment effect would be −8.2 

(95% CI, −10.5 to −5.9; P<0.001).
The risk of cardiovascular events was reported in three 

studies (8,18,19) with 573 patients in the CPAP group and 
582 patients in the control group, and the mean follow-up 
was 3.09 years. The meta-analysis of risk in cardiovascular 
events is shown in Figure 5; the odds ratio (OR) was 0.80 
(95% CI, 0.50 to 1.26, P=0.332). In other words, the 
effect of CPAP on the incidence of cardiovascular events 
with reference to the control group showed no significant 
differences.

Figure 3 Effect of CPAP on Epworth sleeping scale (ESS). CPAP, continuous positive airway pressure.

Figure 4 Effect of CPAP on apnea-hypopnea index (AHI) or on oxygen desaturation index (ODI). CPAP, continuous positive airway 
pressure.
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Publication bias (Figure S2), influence analysis (Figure S1) 
and meta-regression (Figure S3) were performed to explain 
the large degree of heterogeneity among studies. However, 
this heterogeneity could not be explained by differences in 
age, gender, BMI, AHI, mean hours of CPAP use, smoking, 
anti-hypertension drugs, baseline diabetics or the Jadad 
score. Not one specific study caused the heterogeneity, and 
there was no published bias either, so we chose the random-
effects model.

Discussion

The findings of this meta-analysis show that CPAP can reduce 
OSA severity in non-sleepy patients, and CPAP can minutely 
reduce the DBP (−0.92, −1.39 to −0.46 mmHg, P<0.001). 
However, CPAP seems to have no overall beneficial effect 
on subjective sleepiness, SBP, or cardiovascular risk. The 
meta-analysis conducted by Bratton et al. (4) arrived at a 
similar result, i.e., that DBP was reduced in patients using 
CPAP >4 h/night (−1.4, 95% CI, −2.5 to −0.4 mmHg, 
P=0.008). In their meta-analysis, there was also no statistical 
significance in the change of SBP. Alternative to their paper, 
we were not able to obtain the full information in the data 
of the included patients; we relied on the traditional method 
of abstracting and synthesizing data from published articles. 
Additionally, we were also able to include a new trial. To 
date, there are eleven meta-analyses published on the impact 
of CPAP on BP in patients with OSA (20-30), the result of 
some of the papers among them show no reduction in SBP 

and a small reduction in DBP (21,27), which is in accord 
with our results. However, different from those studies, 
our analysis was focused on the CPAP effects in non-sleepy 
OSA patients. Although the reduction in DBP has statistical 
significance, it is hard to determine the minimal declination 
less than 1 mmHg that would have clinical importance. 
According to our findings, non-sleepy OSA patients should 
generally not be treated with CPAP to reduce BP in clinical 
practice. Because many patients had normal blood pressure 
after the antihypertensive drugs at baseline, we speculate a 
floor effect might exist.

Even though RCTs (31,32) and meta-analyses (33,34) 
have shown that CPAP could relieve daytime sleepiness in 
OSA patients, our analysis suggests that CPAP might not 
further reduce sleepiness in those patients; this result may 
be due to our study only involving the non-sleepy patients.

OSA is associated with increased risk of mortality and 
cardiovascular events, and observational studies and RCTs 
have suggested that CPAP treatment reduces the incidence of 
mortality and non-fatal cardiovascular events in OSA patients 
(35-37), especially in those patients with moderate and severe 
OSA. However, our meta-analysis revealed no significant 
treatment effect of CPAP on cardiovascular events in non-
sleepy OSA patients. A recently published meta-analysis 
about the effect of CPAP therapy on cardiovascular events (38) 
had a similar finding that CPAP could not decrease the risk of 
cardiovascular events compared with the control group (OR, 
0.84; 95% CI, 0.62–1.13; P=0.25). Considering the limited 
number of people included and the short duration of follow-

Figure 5 Effect of CPAP on the risk of cardiovascular events (OR). CPAP, continuous positive airway pressure; OR, odds ratio. 
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up, the negative results in our meta-analysis could not 
exclude the possibility that non-sleepy OSA patients could 
benefit from long-term CPAP use. Both Barbé et al. (8) and 
Peker et al. (19) showed a mild beneficial effect of CPAP on 
cardiovascular events only in patients who used CPAP for 
4 h/night or longer. Maybe favorable adherence to CPAP 
is required to achieve beneficial effects on cardiovascular 
outcomes in these patients. Because it is hard to predict 
patients’ compliance by the baseline characteristics (39), 
analysis of the cost-effectiveness of treatment is needed in 
non-sleepy OSA patients to assess if there are economic 
benefits to suggest these patients accept CPAP therapy.

At least so far, we have not obtained enough evidence to 
strongly support using CPAP in non-sleepy OSA patients 
in terms of achieving cardiovascular advantage. However, 
we cannot deny that these patients might receive benefits in 
other aspects such as reducing inflammation, oxidative stress, 
sympathetic activity levels, improving quality of life, cognitive 
function and so on. The MOSAIC trial showed that CPAP can 
improve vascular endothelial function (9), but CPAP had no 
effects on cardiac function (10), inflammation markers (12),  
cholesterol or HbA1c (11). CPAP treatment is really 
challenging in OSA without daytime sleepiness, and larger 
randomized studies are needed to identify the association 
between CPAP treatment and cardiovascular effects in these 
patients. 

Additionally, we should realize that daytime sleepiness is 
not a specific symptom; many OSA patients do not feel sleepy, 
especially patients with cardiovascular disease such as chronic 
heart failure (40) due to the increasing sympathetic activity (41).  
Evidence has shown that CPAP treatment can greatly 
improve the left ventricular ejection fraction in the OSA 
patient with coexisting chronic heart failure (42). In addition, 
trials reflect that OSA patients tend to underestimate their 
sleepiness assessed by ESS before CPAP treatment (43). The 
correlation between the ESS and OSA related variables [AHI 
or ODI, SaO2, arousal index (ArI)] was weak (44), so only 
using daytime sleepiness to determine which patient should 
use CPAP therapy is inappropriate.

Study limitations

There are several limitations in our meta-analysis. First, only 
a limited number of patients were in double-blind studies 
because only two small trials accounting for 6% patients used 
sham CPAP in the control group. However, sham CPAP 
is not the same as an oral placebo tablet; it is not possible 
to completely blind all patients and staff from real and 

sham CPAP, and treatment adherence is worse with sham 
CPAP than with real CPAP (45). In long-term studies, it is 
now accepted that non-sham controlled trials are the only 
appropriate and feasible option. Second, the follow-up length 
of the study varied widely from 1 month to 4.75 years. Third, 
we did not adjust our analyses for adherence to the CPAP 
therapy. Fourth, there remained slight differences across all 
studies in the characteristics of enrolled patients, even though 
we had broad inclusion criteria. Larger clinical cohorts with 
more homogeneous populations are needed in the future.

Conclusions

Even though CPAP therapy can effectively reduce AHI 
or ODI in non-sleepy OSA patients, there are no overall 
benefits in cardiovascular events and SBP. CPAP therapy 
can minimally reduce DBP (<1 mmHg), which may be of 
little clinical significance. Because evidence of the effects of 
CPAP therapy in non-sleepy OSA patients is less definitive, 
larger randomized studies or longer follow-up periods are 
still needed.
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Figure S1 Meta influence analysis in SBP, DBP, ESS, AHI (ODI), and cardiovascular risk. SBP, systolic blood pressure; DBP, diastolic blood 
pressure; ESS, Epworth sleepiness scale; AHI, apnea-hypopnea index; ODI, oxygen desaturation index.



Figure S3 Meta regression-CPAP adherence. CPAP, continue positive airway pressure.

-------------------------------------------------------------------------------

 overall |   18 |  -3     7.326   -0.41   0.682   -0.27   0.785 | -0.68   0.517

---------+------+-----------------------------------------------+--------------

     SBP |    5 |  -2     4.082   -0.49   0.624    0.24   0.806 | -2.01   0.480

     ESS |    5 |   0     4.082    0.00   1.000   -0.24   1.000 |  2.56   0.391

     DBP |    5 |   0     4.082    0.00   1.000   -0.24   1.000 | -1.01   0.557

     AHI |    3 |  -1     1.915   -0.52   0.602    0.00   1.000 | -1.45   0.651

---------+------+-----------------------------------------------+--------------

subgroup |    n | score    s.d.      z      p        z      p   |  bias     p

         |      |    Begg's           Begg's       cont. corr.  |    Egger's 

-------------------------------------------------------------------------------

 

Tests for Publication Bias

Begg's funnel plot with pseudo 95% confidence limits
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Figure S2 Test for publication bias, Begg’s funnel plot and Egger’s publication funnel plot.
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