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Abstract
Purpose  Previous studies have shown an association between obstructive sleep apnoea syndrome (OSAS) and cardiovascular 
events. Whether this association is mediated by an impairment of endothelial function, which is itself a driver of elevated 
cardiovascular risk, has yet to be clarified, as it is the eventual protective role of several OSAS treatments. The aim of our 
meta-analysis is to evaluate the effect of various OSAS treatments on endothelial function calculated by means of flow-
mediated dilatation (FMD).
Methods  We conducted a meta-analysis of prospective studies including patients affected by mild to severe OSAS treated 
with continuous positive airway pressure (CPAP), surgery, oral appliance and medical treatments. FMD was measured before 
and after treatment
Results  After pooling results from different treatment strategies, OSAS treatment showed a positive impact on endothelial 
function (Mean Difference [MD] = 2.58; 95% CI 1.95–3.20; p < 0.00001).
Conclusions  Our study supports the hypothesis that several modalities of treatment for OSAS positively impact endothelial 
function. Whether this effect also associates with an improvement of clinical outcomes remains to be ascertained.
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Introduction

Several epidemiological studies have shown an association 
between obstructive sleep apnoea syndrome (OSAS) and 
cardiovascular events, particularly stroke [1–3].

Endothelial dysfunction is a marker of early-stage vascu-
lar impairment and independently predicts cardiovascular 
morbidity and mortality in the general population and, spe-
cifically, in patients affected by OSAS [4].

OSAS treatment with continuous positive airway pressure 
(CPAP) appeared to be beneficial, improving endothelial 
function indexes [5]. Alternative medical or surgical treat-
ments have been less extensively explored in this sense.

Ventilatory treatment is still considered the gold stand-
ard treatment for OSAS but the interest towards alternative 
modalities has been significantly growing, being adherence 
the most critical aspect of CPAP therapy. For this reason, 
further appropriate evidence supporting non-CPAP therapies 
is needed to offer patients valid alternatives.

The aim of our study was to revise and evaluate the effect 
of various OSAS treatment options, with a special focus on 
non-CPAP modalities, on endothelial function calculated by 
means of flow-mediated dilatation (FMD), a widely avail-
able, inexpensive, non-invasive ultrasound-based method 
where arterial diameter is measured in response to an 
increase in shear stress, which causes release of nitric oxide 
from the endothelium and consequent endothelium depend-
ent dilatation.

Methods

Literature search protocol

We performed a comprehensive review of the literature until 
31st March 2018 regarding the impact on endothelial func-
tion calculated by FMD in patients with OSAS. We searched 
PubMed, EMBASE, the Cochrane Library and CENTRAL 
electronic databases for keywords such as (1) Endothelial; 
(2) Sleep Apnoea; (3) OSAS; (4) OSA; (5) OSAHS.

The study was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) statement and Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) guidelines [6, 7]. The 
following inclusion criteria were applied to each article: (1) 
prospective studies; (2) diagnosis of mild to severe OSAS 
defined according to the American Academy of Sleep Medi-
cine criteria [8]; (3) patients treated with CPAP or surgery 
or oral appliances or medications; (4) data regarding FMD 
collected before and after treatment. To further reduce the 
risk of incomplete literature search, a manual search through 
the references of the included papers was also performed.

The methodological quality of all included studies was 
assessed according to the Newcastle–Ottawa Scale. The 
Newcastle–Ottawa Scale guideline was carried out as fol-
lows. A study was awarded a maximum of one star for each 
numbered item within the patient selection and outcome 
categories. A maximum of four stars were given for patient 
selection, three stars for outcome, and two stars for compa-
rability. A higher number of stars indicated higher quality 
of the eligible study. One score represented one star. One 
reviewer extracted all data and a second reviewer verified 
the accuracy of data extraction.

Outcome measurement

Endothelial function was evaluated using FMD performed 
before treatment initiation and after treatment completion 
during a follow-up visit. FMD evaluation was carried out 
in all selected studies according to the principles described 
by Celermajer et al. [9]. The diameter of the target artery 
was measured from two-dimensional ultrasound images. In 
each study, scans were taken at rest, during reactive hyper-
aemia, again at rest, and after sublingual glyceryl trinitrate 
(GTN). The target artery (superficial femoral just distal to 
the bifurcation of the common femoral artery, or the bra-
chial 2–15 cm above the elbow) was scanned in longitudinal 
section.

The subject lay at rest for at least 10 min before a first 
resting scan was recorded, and arterial flow velocity was 
measured, by means of a pulsed Doppler signal. Increased 
flow was then induced by inflation of a pneumatic tourniquet 
to a pressure of 300 mm Hg for 45 min. A second scan was 
taken for 30 s before and 90 s after cuff deflation, including 
a repeat flow velocity recording for the first 15 s after cuff 
release. 15 min was allowed for vessel recovery, and then a 
further resting scan was taken. Sublingual GTN spray (400 
ug) was then administered, and 3–4 min later the last scan 
was done.

The arterial diameter was measured at a fixed distance 
from an anatomical marker, such as a bifurcation, with ultra-
sonic calipers. For the reactive hyperaemia scan, diameter, 
measurements were taken 45–60 s after cuff deflation. Four 
cardiac cycles were analyzed for each scan and the meas-
urements averaged. Vessel diameters in scans after reac-
tive hyperaemia, 15-min rest, and GTN were expressed as 
percentages of the first control scan. Flow was calculated 
from Doppler flow velocity and vessel diameter. Reactive 
hyperaemia was calculated as the maximum flow recorded 
in the first 15 s after cuff deflation divided by the flow during 
the resting (baseline) scan. The mean vessel diameter and 
percent dilatation for each patient were obtained by averag-
ing the measurements taken over all occasions on which 
that patient was studied. The post-treatment improvement 
of FMD was evaluated in this study.
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Statistical analysis

The pooled estimate of the weighted mean difference and 
95% confidence interval for continuous data were calcu-
lated. The observed treatment effects were pooled across 
studies applying DerSimonian–Laird random-effect model 
to account for different lengths of follow-up among studies. 
At sensitivity analysis, we first excluded individual studies 
to establish the impact of each trial on the pooled effect 
size, and then excluded studies with a follow-up < 2 weeks. 
A two-tailed alpha of 5% was used for hypothesis testing. 
Heterogeneity was assessed with Cochran Q via a chi-square 
test and quantified with the I2 test. Potential publication bias 
was assessed by visual inspection of funnel plot. Analyses 
were conducted using Review Manager 5.3 (Cochrane Col-
laboration, Oxford, United Kingdom) and Stata 13.0 (Ver-
sion 13, StataCorp, Station, TX, USA).

Results

We screened 748 potentially relevant reports. After exclud-
ing reviews and studies not reporting the direct effect of 
OSAS treatment on endothelial function, a total of 43 studies 
were assessed for eligibility. Process of study selection is 
shown in Fig. 1. Twenty-five studies were excluded due to 
a non-prospective design or a lack of information regarding 
FMD. Finally, 18 studies could be included in the quan-
titative meta-analysis (Fig. 1) [10–27]. Study design and 
baseline clinical characteristics are summarized in Table 1. 
Treatment strategies for OSAS were divided in four groups: 
(1) ventilation therapy (i.e. CPAP and nasal CPAP); (2) 
ear–nose–throat (ENT) surgery (i.e. adenotonsillectomy 

and uvulopalatopharyngoplasty); (3) medical treatment (i.e. 
oral administration of allopurinol or vitamin C); (4) device 
therapy with oral appliances (i.e. mandibular advancement 
device [MAD]).

Twelve studies evaluated the effect on endothelial func-
tion of a ventilation treatment with CPAP or nCPAP. The 
mean-difference FMD change from baseline to follow-up 
ranged from 0.29 to 6.50%. The pooled effect showed a 
significant improvement of FMD among patients treated 
with CPAP or nCPAP (mean difference [MD] = 2.54; 95% 
CI 1.75–3.32; p < 0.00001) (Fig. 2). This result remained 
consistent when only studies with a longer follow-up were 
included (MD = 2.50; 95% CI 1.70–3.31; p < 0.00001). 
Within-study heterogeneity was high (I2 = 88%) and was 
not strictly related to length of follow-up when studies with 
shorter follow-up were excluded (I2 = 89%).

Three studies evaluated the impact on endothelial func-
tion of ENT surgery, namely adenotonsillectomy and uvulo-
palatopharyngoplasty. ENT surgery significantly improved 
FMD at study follow-up (MD = 2.05; 95% CI 0.20–3.89; 
p = 0.03) (Fig. 2). Heterogeneity between studies was high 
(I2 = 88%) and mostly due to the different surgical treat-
ments and to the different mean age between the studies 
cohorts. At sensitivity analysis, excluding patients treated 
with adenotonsillectomy (Chan et al. 2015), overall treat-
ment effect remained similar (MD = 3.07; 95% CI 2.18–3.96; 
p < 0.00001) with no heterogeneity (I2 = 0%). Study results 
remained directionally consistent when we restricted our 
analysis to > 2 weeks follow-up studies (MD = 1.09; 95% 
CI − 0.06–2.25; p = 0.06).

Two observational studies evaluated endothelial function 
after medical treatment in patients with OSAS with the use 
of allopurinol and vitamin C, respectively. Medical treat-
ment consistently improved FMD at follow-up (MD = 3.12; 
95% CI 2.57–3.68; p < 0.00001) with no between-study het-
erogeneity (I2 = 0%) (Fig. 2).

Finally, one single study evaluated the effect of oral appli-
ance therapy on FMD at 8-week follow-up in patients with 
OSAS. As for other treatment groups, oral appliance signifi-
cantly improved FMD in a similar magnitude (MD = 4.60; 
95% CI 1.61–7.59; p = 0.003) (Fig. 2).

After pooling results from different treatment strategies, 
OSAS therapies showed a positive impact on endothelial 
function (MD = 2.58; 95% CI 1.95–3.20; p < 0.00001) 
(Fig. 2). Heterogeneity for the treatment effect within the 
four explored treatment strategies was low (I2 = 14%), 
reflecting a comparable magnitude of benefit on endothelial 
function among treatments.

Fig. 1   PRISMA diagram showing the selection process of the 
included studies
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Discussion

OSAS is widely prevalent in western countries, and its 
impact on public health is considerable given its associa-
tion with an increased cardiovascular risk [1–4]. OSAS 
has also a negative impact on endothelial function, which 
might mediate the higher incidence of cardiovascu-
lar events observed in this population [5]. Our analysis 
shows that the treatment of OSAS, by means of four dif-
ferent strategies, produces a significant improvement of 
endothelial function. Hence, our results might support the 
hypothesis that a sustained treatment of OSAS reduces 
cardiovascular risk by improving vascular fitness.

Four randomized clinical trials (RCT) explored the 
effect of CPAP on endothelial function demonstrating a 
significant improvement of FMD in patients affected by 
moderate to severe OSAS [14, 16–18].

Our analysis also suggests a possible benefit, of a simi-
lar extent, from a surgical treatment of this patient popula-
tion. The impact of surgery on endothelial function was 
explored by Yang et al. in an observational study [24]. 
In this study, the authors highlighted the role of uvulo-
palatopharyngoplasty, a common surgical technique used 

for OSAS treatment, in improving several endothelial 
function indexes [24].

We observed a consistent benefit also from a treatment 
with medical therapy in patients with OSAS. However, 
whether the positive effect of these medications (i.e. allopu-
rinol and vitamin C) on endothelial function is mediated by 
an actual improvement of OSAS remains controversial, as 
these treatments are likely ineffective on upper airways col-
lapse. Hence, their positive effect on endothelial function is 
most likely due to their direct effect on this system, rather 
than secondary to an improvement of OSAS.

Finally, whether the positive effect on endothelial func-
tion of OSAS treatment converts in a similar reduction of 
cardiovascular events remains to be ascertained. In fact, a 
big randomized controlled trial ultimately failed to show 
a reduction of the composite ischemic endpoint in OSAS 
patients with concomitant cardiovascular disease treated 
with CPAP [28]. The overall evidence in this field remains 
controversial, and a lack of CPAP adherence was pro-
posed as a plausible justification for the negative results 
[29]. Importantly, CPAP was associated with an improve-
ment in endothelial function only in patients adhering to 
the treatment [5]. Since CPAP is often not well tolerated, 
other treatment strategies not necessitating long-term patient 

Fig. 2   Forest plot showing the effect of OSAS treatment on FMD
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adherence (e.g. surgery) are highly attractive and necessitate 
further study [30].

The following limitation of our analysis should be 
accounted: most of the studies evaluating the impact of 
OSAS treatment on endothelial function were observational, 
therefore, tending to overestimate treatment effects, and only 
few randomly allocated patients to treatment. High between-
study heterogeneity was observed. This could be due to sev-
eral differences in population selection and study design, 
especially in the ventilation treatment group. Nevertheless, 
effect direction by visual inspection invariably showed an 
improvement of endothelial function after treatment. Finally, 
taking into account that endothelial function measurements 
are generally applied only for scientific purposes, being 
time-consuming, their application on large scale appears 
to be improbable in sleep labs. For this reason, very few 
scientific works evaluating endothelial function in OSAS 
patients are focused on not-ventilatory modalities (e.g. MAD 
and surgery) and a satisfactory comparison between different 
therapeutic alternatives seems hard to be achieved.

In conclusion, further trials, especially focused on not-
ventilatory treatments, are needed to compare the effective-
ness of several therapeutic modalities, by means of poly-
somnography outcome evaluation (e.g. Apnea–Hypopnea 
Index), and their effect on endothelial function indexes. 
However, the clinical value of these indexes still needs to 
be better clarified.

Conclusions

Our study supports the hypothesis that treatment for OSAS 
positively impacts endothelial function. Whether this effect 
also associates with an improvement of clinical outcomes 
remains to be ascertained.
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