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Abstract: Background: Continuous positive airway pressure (CPAP) has been utilized to reduce blood pressure in
obstructive sleep apnea (OSA) patients, but few studies are available in terms of mortality data and other cardiovas-
cular outcomes. Methods: This study systematically searched PubMed, Embase, and Cochrane Library databases
for studies investigating the effects of CPAP on OSA patients. Basic characteristics and outcomes were extracted. A
random effects model was used to pool the overall size. Q and I? statistics were employed to quantify between-group
heterogeneity. Egger’'s and Begg’'s tests were employed to identify small-study effects. Results: Of 590 primary
records, 9 randomized controlled trials, including 5,923 patients, were finally included in the meta-analysis. CPAP
was not associated with all-cause mortality (relative risk [95% confidence interval]: 0.92 [0.65-1.30], I> = 0.0%) or
cardiovascular mortality (0.70 [0.27-1.80], I? = 36.3%) in OSA population. Incidence of myocardial infarction (0.95
[0.53-1.70], I? = 25.8%) or strokes (0.91 [0.68-1.24], I> = 0.0%) was not significantly different between the CPAP
group and non-CPAP group. Neither Egger’s nor Begg’s tests indicated any small-study effects. Conclusion: CPAP
was not significantly associated with all-cause mortality, cardiovascular mortality, or occurrence of myocardial in-
farction and strokes in the OSA population.

Keywords: Continuous positive airway pressure, all-cause mortality, cardiovascular mortality, obstructive sleep
apnea, randomized controlled trial

Introduction A meta-analysis of 27 cohorts and 3,162,083

participants concluded that all-cause mortality
Obstructive sleep apnea (OSA) is present in increases with OSA severity, while CPAP mark-
around 15% of men and 5% of women aged edly reduces all-cause mortality and cardiovas-
30-70 years, based on apnea-hypopnea index- cular mortality [5]. However, since it mainly

es measured as events/hour 215 [1]. OSA is
characterized by oxygen desaturation and sle-
ep disruption. It has been markedly associated
with occurrence of hypertension [2]. It also
results in numerous cardiovascular diseases
through increased sympathetic activity, sys-
temic inflammation, and metabolic anomalies
[3]. Continuous positive airway pressure (CPAP)
has been used as an important therapy for OSA
patients, especially for moderate-to-severe 0S-

included observational studies, the meta-analy-
sis failed to establish a reliable causal relation-
ship between CPAP use and mortality out-
comes. Interestingly, another earlier meta-anal-
ysis of randomized controlled trials (RCTs) sug-
gested that CPAP was not associated with
death, cardiovascular events, or strokes in OSA
patients [6]. Recently, the Sleep Apnea Car-
diovascular Endpoints (SAVE) study showed

A patients [4]. that the addition of CPAP to usual care was not
associated with all-cause mortality or cardivas-
However, the effects of CPAP on OSA patient cular outcomes in 2,717 eligible adults aged

cardiovascular outcomes remain debatable [4]. 45-75 years with moderate-to-severe OSA and


http://www.ijcem.com

CPAP for OSA patients

cardiovascular or cerebrovascular disease [7].
The SAVE study, along with recent publications
of other RCTs, warranted a reanalysis of the eff-
ects of CPAP on cardiovascular oucomes [7-9].

The present systematic review and meta-analy-
sis was conducted to investigate the effects of
CPAP on all-cause mortality, cardiovascular mor-
tality, myocardial infarction, and strokes in OSA
patients.

Methods

This study complied with Preferred Reporting
ltems for Systematic Reviews and Meta-An-
alyses (PRISMA) statements [10].

Literature search

On April 6, 2017, this study searched MEDLINE
(since 1946), Cochrane Library (since incep-
tion), and Embase (since 1947) databases,
with the combination of MeSH terms and free
words of “obstructive sleep apnea”, “continu-
ous positive airway pressure”, and “mortality”.
The search was restricted to English. Reference
lists of all eligible studies were searched to
identify relevant publications.

Study selection and data extraction

Two investigators (H.X.L. and H.Z.L.) indepen-
dently screened the studies based on SPICO
(study design, participants, intervention, con-
trols, and outcomes) principle, with the follow-
ing inclusion criteria: 1) Randomized controlled
trials; 2) OSA participants diagnosed with poly-
somnography; 3) CPAP as an intervention; 4)
Control group, given usual care without CPAP;
and 5) Mortality data reported. Primary out-
comes were all-cause mortality and cardiovas-
cular mortality. Secondary outcomes were
occurrence of myocardial infarction and stro-
kes. Baseline characteristics and outcome da-
ta were independently extracted by two investi-
gators (J.L.Z. and J.T.W.). Disagreements were
resolved by discussion with a third investigator
(S.Q.W.).

Quality assessment

Risks of bias of eligible RCTs was classified as
low, unclear, or high, with these 5 specific do-
mains recommended by Cochrane Collabora-
tion: randomization generation, allocation con-
cealment, blinding of participants and person-
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nel, incomplete outcome data addressed, and
free of selective reporting [11].

Statistical analysis

Relative risk (RR) and corresponding confi-
dence intervals (Cl) were synthesized with a
random effects model. Q statistic and I statitic
were used to identify between-group heteroge-
neity [12]. 1? statistic represents the percent-
age of overall variability attributable to hetero-
geneity, with a value of lower than 50% indicat-
ing mild heterogeneity of bias. Egger's and
Begg's tests were used to identify small-study
effects [13, 14]. This study did not visually exa-
mine publication bias with funnel plots, as it is
indicated for meta-analyses of more than 10
studies [15]. Sensitivity analyses were peform-
ed to show how effect sizes changed after the
removal of each individual study. All statistical
analyses were performed with Stata 14.0 soft-
ware (Stata, College Station, Texas, USA).

Results
Study selection

Figure 1 shows the PRISMA flowchart of study
selection. This study primarily retrieved 412,
380, and 59 records from Embase, PubMed,
and Cochrane databases, respectively. After
removal of duplicates, 590 records were screen-
ed by publication type. Thus, reviews, case re-
ports, and rationale and design articles were
excluded. The remaining 243 records were
screened by abstracts and full-texts. Therefore,
13 records not enrolling OSA patients, 61 not
performing randomization, 61 not having CPAP
as an intervention, 44 not establishing control
groups, and 56 not providing mortality data
were excluded. Eight studies were included in
meta-analysis. Later, 1 additional study was
identified by examining the references of in-
cluded studies [16]. Therefore, 9 RCTs were final-
ly eligible for this systematic review and meta-
analysis [7-9, 16-21].

Basic characteristics

Table 1 summarizes basic characteristics of
the 9 eligible studies. Overall, a total of 5,923
OSA patients, including 2,961 in the control
group and 2,962 in the intervention group,
were studied. Patient characteristics, such as
age, sex, body mass index, and blood pressure,

Int J Clin Exp Med 2019;12(1):581-588



CPAP for OSA patients

)

Figure 1. PRISMA flow-
chart of study selection.

Excluded based on article
type
319 Reviews/editorials
11 Rationale and design
17 Case reports/letter

Excluded based on
abstract and full-text
13 Not enrolling OSA
patients
61 Non-randomization
61 Not giving CPAP
44 No control group
56 Not providing
mortality data

geneity was very low (RR [95%
Cl]: 0.92[0.65-1.30], I? = 0.0%,
P>0.05; Figure 3A). Five stu-
dies reported cardiovascular
mortality for 3,883 OSA pa-
tients. CPAP was not associat-
ed with cardiovascular mortali-
ty and mild heterogeneity was
observed (0.70[0.27-1.80], I> =
36.3%, P>0.05; Figure 3B) [9,
18, 19, 21]. Although no signi-
ficant benefits were observed
for CPAP, there appeared to be
a tendency favoring its benefi-
cial effects.

Myocardial infarction and
strokes

Five studies reported myocar-
dial infarction for 3,883 OSA
patients. CPAP was not asso-

Embase PubMed Cochrane
= (n=412) (n=380) (n=59)
= Records after duplicates removed
(n=590)
-
N
z
3
7
|
.
Records assessed for eligibility
(n=243)
2
— Search of reference
list (n=1)
3
E
- Studies included in meta-analysis
(n=9)
N

were very similar and comparable between the
control group and intervention group in all eli-
gible studies. They were predominantly old men
with a relatively high body mass index, along
with normal systolic blood pressure and diastol-
ic blood pressure. Eight studies administered
conventional medications to the control group,
while 1 study allocated the OSA patients to a
sham group [16]. The OSA patients were fol-
lowed up for 6 to 68 months.

Quality assessment

Figure 2 shows the risk of bias in 5 different
domains. Overall, risk of bias was low in the 9
eligible RCTs but blinding of participants and
personnel was only reported in 3 RCTs [16,
19, 21]. Incomplete outcome data were well
addressed in all studies. Generation of ran-
domized sequence was reported in most stud-
ies. Selective reporting and allocation conceal-
ment were observed in low risk.

All-cause mortality and cardiovascular mortal-
ity

All studies reported all-cause mortality for
5,923 OSA patients. CPAP was not associated
with all-cause mortality and statistical hetero-
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ciated with occurrence of myo-
cardial infarction, with mild
heterogeneity observed (0.95
[0.53-1.70], I? = 25.8%, P>
0.05; Figure 4A) [9, 18, 19,
21]. Six studies reported occurrence of strokes
for 4,274 OSA patients. CPAP was not associ-
ated with occurrence of strokes (0.91 [0.68-
1.24], 12=0.0%, P>0.05; Figure 4B). The effects
of CPAP on myocardial infarction and strokes
were quite consistent among various studies,
with all 95% CI of OR crossing the null line of
1.00.

Sensitivity analysis

Neither Begg's test nor Egger's test showed
small-study effects for all-cause mortality, car-
diovascular mortality, myocardial infarction, or
strokes (all P>0.05). Most heterogeneity of this
meta-analysis arose from changes of the mag-
nitude rather than the direction of individual
OR. Since all study results of primary outcom-
es and secondary outcomes crossed the null
effect line 1.00, the removal of any study could
not significantly change the overall effect size.

Discussion

The present systematic review and meta-analy-
sis of 9 RCTs and 5,923 patients showed that
CPAP was not associated with all-cause mortal-
ity, cardiovascular mortality, and occurrence of
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Table 1. Baseline characteristics of the 9 included randomized controlled trials

First author Year g:rﬁz | 8%; Male F((;q”(?:t;)p Treatmzrr‘;?; control Cpﬁf/ﬁi‘g;tt)'o” BMI SBP DBP AHI ESS
McEvoy RD [7] 2016 1346/1341 61/61 1092/1082 44 Usual care 3.3 28.8/28.5 132/131 80/79 29.0/29.6 7.3/75
Craig S [20] 2012 195/196 58/58 153/152 6 Standard care 2.7 32.2/32.5 130/130 81/81 10 7.9/8.0
Parra O [18] 2014 57/69 64/66 41/48 68 Conventional treatment 5.3 30.2/28.8 NA NA NA 8.3/7.3
Schlatzer C [8] 2016 152/151 58/58 123/127 6 Standard care 2.7 32.0/32.6 NA NA NA 8.5/8.4
Peker Y [9] 2016 122/122 66/67 105 57 Non-CPAP 6.6 28.4/28.5 NA NA 28.3/29.3 5.5/5.5
Huang Z [19] 2014 36/37 62/63 28/32 36 Non-CPAP 4.5 27.9/275 148/146 83/83 28.3/28.7 9.3/8.3
Barbe F [21] 2012 357/366 52/52 313/306 48 No active intervention NA 31.3/31.1 132/131 80/80 42/35 6.5/6.5
McMillan A[17] 2014  140/138 71/71  120/109 12 Best supportive care 2.4 33.9/33.6 138/140 78/78 NA 11.6/11.6
Kushida CA[16] 2012 556/542 52/51 363/356 6 Sham CPAP 4.2/3.4 32.4/32.1 NA NA 39.7/40.6 10.07/10.09

CPAP = continuous positive airway pressure, BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, AHI = apnea-hyponea index, EES = Epworth sleepiness score, NA = not

available.
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Blinding of participants and
personnels mNo
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Incomplete outcome data
addressed
Free of selective reporting
0%  20% 40% 60% 80% 100%
Figure 2. Risk of bias table.
A i Sample All-cause mortality
author Year size RR (95% CI)
|
McEvoy RD 2016  1346/1341 — 0.93 (0.61, 1.42)
Craig S 2012 195/196 ; 3.02 (0.12,73.57)
Parra O 2014 57/69 —r— 0.81(0.31,2.13)
Schlatzer C 2016 152/151 2.98 (0.12, 72.59)
Peker Y 2016 122/122 — 0.78 (0.30, 2.02)
i
Huang Z 2014 36/37 - 0.33 (0.01,7.77)
Barbe F 2012 357/366 1 3.08 (0.13, 75.24)
McMillan A 2014 140/138 ; 0.99 (0.06, 15.60)
Kushida, CA 2012 5356/542 _ 0.97 (0.14, 6.90)
Overall (I-squared = 0.0%, p = 0.974) < 0.92 (0.65, 1.29)
NOTE: Weights are from random effects analysis '
T T
1 1 10

Cardiovascular mortality

B First Sample
author Year size
McEvoyRD 2016 1346/1341
Parra O 2014 5769 £
Peker Y 2016 122122
Huang Z 2014 36/37

Barbe F 2012 357/366

Overall (I-squared = 36.3%, p = 0.179)

NOTE: Weights are from random effects analysis

RR (95% CI)

1.25(0.70, 2.23)

0.08 (0.00, 1.38)

0.43 (0.11, 1.62)

0.33 (0.01,7.77)

3.08 (0.13, 75.24)

0.70 (0.27, 1.80)

Figure 3. Effects of continuous positive airway pressure on all-cause mortal-

ity and cardiovascular mortality.

T
1 10

myocardial infarction and strokes in OSA pa-
tients. These results are unlikely to change in
future observational studies or RCTs, as nearly
all eligible studies showed similar trends. Of no-
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te, most eligible patients in this
meta-analysis had pre-existing
cardiovascular disease (mostly
from SAVE study). Thus, this
meta-analysis mainly looked at
CPAP for secondary preven-
tion. Given that impaired en-
dothelial function is found in
OSA and that this is an early
step in the development of car-
diovascular diseases, it is pos-
sible that CPAP may have an
effect only in primary preven-
tion. The Multicentre Obstru-
ctive Sleep Apnea Interven-
tional Cardiovascular (MOSAIC)
trial showed that CPAP does
not improve the calculated vas-
clar risk in patients with mini-
mally symptomatic OSA [20].
McEvoy RD et al. reported simi-
lar trends in patients with
moderate-to-severe OSA [7].
Recently, an analysis of nation-
al registry data showed that
patients receiving CPAP treat-
ment had more comorbidities
before and after diagnosis,
compared with nontreated pa-
tients [22]. However, present
results indicate that comorbidi-
ties may not contribute to the
effects of CPAP on patient out-
comes. Parra O et al. showed
that CPAP did not significantly
improve cardiovascular event-
free survival in patients with
acute strokes and OSA during
a 68-month follow-up period
[18]. The Randomized Inter-
vention with Continuous Po-
sitive Airway Pressure in CAD
and OSA (RICCADSA) trial sh-
owed that CPAP was not asso-
ciated with better outcomes
in patients with cornary artery
disease and OSA [9]. Huang Z
et al. found that long-term
CPAP did not improve the prog-
nosis of hypertensive patients

with coronary heart diseases [19]. In consecu-
tively enrolled older patients with OSA and
unspecified comorbidities, CPAP did not have
extra benefits when compared with the best

Int J Clin Exp Med 2019;12(1):581-588
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AFi,S' Sample Myocardial infarction
author Year size
McEvoyRD 2016 1346/1341 —r-—
Parra O 2014 57/69
Peker Y 2016 122/122 ——
Huang 7 0014 3657 £

Barbe F 2012 357/366
Overall (I-squared = 25.8%, p = 0.249) <>
|

NOTE: Weights are from random effects analysis

patients [26]. The impairment
of multiple organs by OSA sug-
gests the need for effective
treatments to improve oxygen
inhalation during sleep.

RR (95% CI)

1.07 (0.70, 1.65)
3.62 (0.15, 87.21)

138 (0.57. 3.30) Theoretically, the reduction of

hypoxic episodes during sleep
is likely to contribute to lower
incidence of events. Negative
results of currently available
RCTs and meta-analysis may

0.20 (0.01, 3.95)

0.26 (0.05, 1.20)

0.95 (0.53, 1.70)

BFirsI Sample Stroke
author Year  size
McEvoyRD 2016  1346/1341 -IL-
Craig § 2012 195/196 _i'
Pama 0 2014 57/69 —
Peker Y 2016 1227122 —'—%—
Huang Z 2014 36/37 ;
Barbe F 2012 357/366 —E—'—
Overall (I-squared = 0.0%, p = 0.489) <;
i
NOTE: Weights are from random effects analysis h
T T

be associated with the follow-
ing factors. First, overall car-
diovascular events were low in
both the CPAP group and non-
CPAP group. For example, it

RR (95% CI)

0.98 (0.71, 1.36)
205018, 2.11) was found that all-cause mo-
045015169 tality occurred in 2.0% (59/

2908) and 2.2% (65/2901) of
O50013,1.59 OSA patients receiving CPAP
0.14 (0.01, 2.62) and non-CPAP, respectively.
1,54 (0.26,9.15) Considering the low incidence
091 (0.68,123) of cardiovascular outcomes, it

may be reasonable to enlarge
sample sizes in future trials.

.1 1 10

Figure 4. Effects of continuous positive airway pressure on incidence of

myocardial infarction and strokes.

supportive care alone [17]. However, given the
clinical benefits and few harms of CPAP therapy
on the reduction of blood pressure and daytime
sleepiness, it may be worthy to conduct future
RCTs to further validate the effects of CPAP on
patients with severe OSA and hypertension.

Both anatomically imposed mechanical loads
and compensatory neuromuscular responses
are responsible normal function of the upper
airway. OSA occurs when the genioglossus
muscle relaxes and the tongue falls back during
sleep to obstruct the upper airway [23]. It is
characterized by recurrent hypoxia, oxidative
stress, sympathetic activation, and endothelial
dysfunction, all of which are important risk fac-
tors of cardiovascular diseases [24]. OSA also
causes other major sequelae, such as cognitive
deficits and behavioral abnormalities [25]. Re-
cent studies have shown that OSA accelerates
the progression of mild Alzheimer's disease
and Parkinson’s disease and manifests as re-
current headaches in the morning in some
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Second, a relatively high non-
compliance rate has been ob-
served in trials of CPAP. In the
Randomized Intervention with
Continuous Positive Airway Pr-
essure in CAD and OSA (RICCADSA) trial, of 122
patients assigned to CPAP, 30 (24.6%) and 45
(36.7%) returned to CPAP within the first 3 and
12 months, respectively. Great inconsistencies
between low outcome events and high non-
compliance rates indicate that current trials
might have been influenced by various biases.
Although other treatments, such as mandibular
advancement device, exercise-training, and
dietary weight loss, have been proposed to
improve health-related quality of life in OSA
patients, CPAP remains the most effective
treatment in decreasing apnea-hypopnea index
and oxygen desaturation indexes [27, 28]. A
recently published systematic review confirmed
that CPAP is the only choice for improving
patient mental component scores and physical
component scores of the 36-Item Short Form
Health Survey [28]. The failure of CPAP in reduc-
ing “hard outcomes”, such as mortality and
adverse events, does not necessarily prevent it
from being used in routine clinical practice to
relieve patient symptoms. Future clinical trials

Int J Clin Exp Med 2019;12(1):581-588
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may compare the effects of CPAP with other
treatments on improving patient quality of life.

In conclusion, according to the present meta-
analysis, CPAP is not associated with all-cause
mortality, cardiovascular mortality, strokes, or
myocardial infarction in OSA patients. More re-
search is warranted to confirm the current evi-
dence on this topic.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Hongxing Luo, De-
partment of Cardiology, Zhengzhou University Peo-
ple’s Hospital, Zhengzhou 450003, Henan, China.
Tel: +86 15290885448; E-mail: hongxingluo@qq.
com

References

[1] Peppard PE, Young T, Barnet JH, Palta M, Ha-
gen EW and Hla KM. Increased prevalence of
sleep-disordered breathing in adults. Am J Epi-
demiol 2013; 177: 1006-14.

[2] Kohler M and Stradling JR. Mechanisms of
vascular damage in obstructive sleep apnea.
Nat Rev Cardiol 2010; 7: 677-85.

[3] Baguet JP, Barone-Rochette G, Tamisier R,
Levy P and Pépin JL. Mechanisms of cardiac
dysfunction in obstructive sleep apnea. Nat
Rev Cardiol 2012; 9: 679-88.

[4] Jonas DE, Amick HR, Feltner C, Weber RP, Arva-
nitis M, Stine A, Lux L and Harris RP. Screening
for obstructive sleep apnea in adults: evidence
report and systematic review for the US pre-
ventive services task force. JAMA 2017; 317:
415-433.

[5] FuY,XiaY,YiH, Xu H, Guan J and Yin S. Meta-
analysis of all-cause and cardiovascular mor-
tality in obstructive sleep apnea with or with-
out continuous positive airway pressure tre-
atment. Sleep Breath 2017; 21: 181-189.

[6] Guo J, Sun Y, Xue LJ, Huang ZY, Wang YS,
Zhang L, Zhou GH and Yuan LX. Effect of CPAP
therapy on cardiovascular events and mortality
in patients with obstructive sleep apnea: a
meta-analysis. Sleep Breath 2016; 20: 965-
74.

[7] McEvoy RD, Antic NA, Heeley E, Luo Y, Ou Q,
Zhang X, Mediano O, Chen R, Drager LF, Liu Z,
Chen G, Du B, McArdle N, Mukherjee S, Tripa-
thi M, Billot L, Li Q, Lorenzi-Filho G, Barbe F,
Redline S, Wang J, Arima H, Neal B, White DP,
Grunstein RR, Zhong N, Anderson CS; SAVE In-
vestigators and Coordinators. CPAP for preven-
tion of cardiovascular events in obstructive
sleep apnea. N Engl J Med 2016; 375: 919-31.

587

(8]

)

(10]

(11]

[12]

[13]

(15]

(16]

(17]

(18]

Schlatzer C, Bratton DJ, Craig SE, Kohler M and
Stradling JR. ECG risk markers for atrial fibrilla-
tion and sudden cardiac death in minimally
symptomatic obstructive sleep apnea: the MO-
SAIC randomised trial. BMJ Open 2016; 6:
€010150.

Peker Y, Glantz H, Eulenburg C, Wegscheider
K, Herlitz J and Thunstréom E. Effect of positive
airway pressure on cardiovascular outcomes
in coronary artery disease patients with non-
sleepy obstructive sleep apnea. The RICCADSA
randomized controlled trial. Am J Respir Crit
Care Med 2016; 194: 613-20.

Moher D, Liberati A, Tetzlaff J and Altman DG
PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the
PRISMA statement. J Clin Epidemiol 2009; 62:
1006-12.

Higgins JPT, Green S. Cochrane handbook for
systematic reviews of interventions version
5.1.0 [updated March 2011]. The Cochrane
Collaboration 2011.

Higgins JP, Thompson SG, Deeks JJ and Altman
DG. Measuring inconsistency in meta-analy-
ses. BMJ 2003; 327: 557-60.

Begg CB and Mazumdar M. Operating charac-
teristics of a rank correlation test for publica-
tion bias. Biometrics 1994; 50: 1088-101.
Egger M, Davey Smith G, Schneider M and
Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997; 315: 629-
34,

Sterne JAC, Harbord RM. Funnel plots in meta-
analysis. Stata J 2004; 4: 127-141.

Kushida CA, Nichols DA, Holmes TH, Quan SF,
Walsh JK, Gottlieb DJ, Simon RD Jr, Guil-
leminault C, White DP, Goodwin JL, Schweitzer
PK, Leary EB, Hyde PR, Hirshkowitz M, Green S
and McEvoy LK, Chan C, Gevins A, Kay GG,
Bloch DA, Crabtree T, Dement WC. Effects of
continuous positive airway pressure on neuro-
cognitive function in obstructive sleep apnea
patients: the apnea positive pressure long-
term efficacy study (APPLES). Sleep 2012; 35:
1593-602.

McMillan A, Bratton DJ, Faria R, Laskawiec-Sz-
konter M, Griffin S, Davies RJ, Nunn AJ, Stra-
dling JR, Riha RL and Morrell MJ; PREDICT In-
vestigators. Continuous positive airway pre-
ssure in older people with obstructive sleep
apnea syndrome (PREDICT): a 12-month, mul-
ticentre, randomised trial. Lancet Respir Med
2014; 2: 804-12.

Parra O, Sanchez-Armengol A, Capote F, Bon-
nin M, Arboix A, Campos-Rodriguez F, Perez-
Ronchel J, Duran-Cantolla J, Martinez-Null C,
de la Pena M, Jiménez MC, Masa F, Casadon |,
Alonso ML and Macarron JL. Efficacy of con-
tinuous positive airway pressure treatment on

Int J Clin Exp Med 2019;12(1):581-588


mailto:hongxingluo@qq.com
mailto:hongxingluo@qq.com

[19]

[20]

[21]

[22]

588

CPAP for OSA patients

5-year survival in patients with ischaemic
stroke and obstructive sleep apnea: a random-
ized controlled trial. J Sleep Res 2015; 24: 47-
53.

Huang Z, Liu Z, Luo Q, Zhao Q, Zhao Z, Ma X,
Liu W and Yang D. Long-term effects of contin-
uous positive airway pressure on blood pres-
sure and prognosis in hypertensive patients
with coronary heart disease and obstructive
sleep apnea: a randomized controlled trial. Am
J Hypertens 2015; 28: 300-6.

Craig SE, Kohler M, Nicoll D, Bratton DJ, Nunn
A, Davies R and Stradling J. Continuous posi-
tive airway pressure improves sleepiness but
not calculated vascular risk in patients with
minimally symptomatic obstructive sleep ap-
nea: the MOSAIC randomised controlled trial.
Thorax 2012; 67: 1090-6.

Barbé F1, Duran-Cantolla J, Sanchez-de-la-
Torre M, Martinez-Alonso M, Carmona C, Bar-
celo A, Chiner E, Masa JF, Gonzalez M, Marin
JM, Garcia-Rio F, Diaz de Atauri J, Teran J, May-
os M, de la Pena M, Monasterio C, del Campo
F, Montserrat JM; Spanish Sleep And Breath-
ing Network. Effect of continuous positive air-
way pressure on the incidence of hypertension
and cardiovascular events in nonsleepy pa-
tients with obstructive sleep apnea: a random-
ized controlled trial. JAMA 2012; 307: 2161-8.
Jennum P, Tonnesen P, Ibsen R and Kjellberg J.
Obstructive sleep apnea: effect of comorbidi-
ties and positive airway pressure on all-cause
mortality. Sleep Med 2017; 36: 62-66.

(23]

(24]

[25]

[26]

[27]

(28]

Patil SP, Schneider H, Schwartz AR and Smith
PL. Adult obstructive sleep apnea: pathophysi-
ology and diagnosis. Chest 2007; 132: 325-
37.

Javaheri S, Barbe F, Campos-Rodriguez F,
Dempsey JA, Khayat R, Javaheri S, Malhotra A,
Martinez-Garcia MA, Mehra R, Pack Al, Po-
lotsky VY, Redline S and Somers VK. Sleep ap-
nea: types, mechanisms, and clinical cardio-
vascular consequences. J Am Coll Cardiol
2017; 69: 841-858.

Brockbank JC. Update on pathophysiology and
treatment of childhood obstructive sleep ap-
nea syndrome. Paediatr Respir Rev 2017; 24:
21-23.

Ferini-Strambi L, Lombardi GE, Marelli S and
Galbiati A. Neurological deficits in obstructive
sleep apnea. Curr Treat Options Neurol 2017;
19: 16.

Iftikhar IH, Bittencourt L, Youngstedt SD, Ayas
N, Cistulli P, Schwab R, Durkin MW and Ma-
galang UJ. Comparative efficacy of CPAP,
MADs, exercise - training, and dietary weight
loss for sleep apnea: a network meta-analysis.
Sleep Med 2017; 30: 7-14.

Kuhn E, Schwarz El, Bratton DJ, Rossi VA and
Kohler M. Effects of CPAP and mandibular ad-
vancement devices on health-related quality of
life in OSA: a systematic review and meta-anal-
ysis. Chest 2017; 151: 786-794.

Int J Clin Exp Med 2019;12(1):581-588



