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Study Objectives: To undertake a meta-analysis of literature comparing the prevalence of cardiovascular and cerebrovascular comorbidities between patients
with overlap syndrome (OS) and patients with chronic obstructive pulmonary disease (COPD) or patients with obstructive sleep apnea.

Methods: Studies about the cardiovascular and cerebrovascular disease of OS were searched for among several electronic databases from the time of database
construction to June 2019. Two independent reviewers performed the process of study screening, quality assessment, and data extraction. Meta-analysis of odds
ratios (ORs) was carried out by RevMan5.3 under either fixed-effects or random-effects models. Sensitivity analysis was conducted to examine the robustness of

pooled outcome.

Results: A total of 17 articles were included. Compared with COPD/obstructive sleep apnea, OS significantly increased the risk of developing hypertension (OS
vs COPD: OR = 1.94, 95% confidence interval [CI] [1.49, 2.52]; OS vs obstructive sleep apnea: OR = 2.05, 95% CI [1.57, 2.68]) and pulmonary hypertension
(OS vs COPD: OR = 2.96, 95% CI [1.30, 6.77]; OS vs obstructive sleep apnea: OR = 5.93, 95% CI [1.84, 18.42]). There was no significant difference in the
prevalence of coronary heart disease (OR =1.19, 95% CI [.67,2.11]) and cerebrovascular disease (OR =2.43, 95% CI[0.81, 7.31]) between patients with COPD
and patients with OS. However, the sensitivity analysis showed that the pooled outcome of the comparison of pulmonary arterial pressure between patients with OS

and patients with COPD was not stable.

Conclusions: OS significantly increased cardiovascular risk including the prevalence of hypertension and pulmonary hypertension. However, since the pooled
outcome about pulmonary arterial pressure was not stable, further studies are still required.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) and obstruc-
tive sleep apnea (OSA) are common respiratory diseases. Al-
though COPD and OSA are 2 independent diseases, they also
interrelate with each other. They have their own characteristics,
but common pathophysiological features. Investigations have
shown that the prevalence of OSA in patients with COPD is
2-10 times higher than in healthy individuals.' Soler et al* also
found that about 66% of patients with moderate to severe COPD
had OSA. The combination of both diseases is called overlap
syndrome (OS), which was first named by Flenley in 1985. Due to
the different definitions of OS in each study, the prevalence of
OS reported in current studies fluctuated from 1% to 41%.*

It is well-known that COPD and OSA can independently
increase the prevalence of cardiovascular and cerebrovascular
diseases.>® Cor pulmonale and arrhythmia are common comor-
bidities of COPD. Intermittent hypoxia and sympathetic excitation
caused by OSA can induce oxidative stress, autonomic dysfunction,
systemic inflammation, and endothelial dysfunction and eventually
lead to cardiovascular events.”® Previous studies have shown that
the prognosis of patients with OS was worse than that of pa-
tients with OSA or COPD alone because of more complications
that were related to increased hospitalization rate, high risk of acute
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exacerbation and mortality, and decreased life quality.”'' However,
some studies reported that OSA-induced compensation could
improve the prognosis of severe COPD.'? It is still unknown
whether OSA combined with COPD can increase the occur-
rence of cardiovascular and cerebrovascular diseases. The aim
of the present study was to undertake a meta-analysis of re-
search, comparing the prevalence of cardiovascular and cere-
brovascular comorbidities between patients with OS and
patients with COPD or OSA.

METHODS

Search strategy

We searched for the relevant English articles reporting the asso-
ciation between OS and cardiovascular diseases using PubMed,
Web of Science, Embase, and Cochrane and searched the Chinese
ones using the CNKI and Wanfang data. The keywords used for
search, included chronic obstructive pulmonary disease, COPD,
sleep apnea, sleep-disordered breathing, OSA, overlap syndrome,
0OS, comorbidity, cardiovascular disease, hypertension, coronary
heart disease (CHD), coronary artery disease, coronary athero-
sclerosis, atherosclerotic heart disease, myocardial infarction, heart
failure, arrhythmia, pulmonary hypertension (PH), cerebrovascular
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Figure 1—Flow chart of the literature search, study screening, and selection process.
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disease (CVD), and stroke and these words in Chinese. These
terms were used in different combinations. The search time of stud-
ies was from the time of database construction to June 2019.
We reviewed the reference list of retrieved studies for addi-
tional studies as well. The process of study searching and
screening was performed by 2 independent reviewers (J.H. Xu
and Z.J. Wei). Disagreements were resolved by discussion. The
study was designed according to Preferred Reporting Items
for Systematic Reviews and Meta-Analyses statement (http://
WWW.prisma-statement.org/).

Inclusion and exclusion criteria

The inclusion criteria were 1) published articles on OS com-
pared with COPD and/or OSA, 2) the articles that reported the
results of cardiovascular and cerebrovascular comorbidities,
including hypertension, CHD, heart failure, PH, CVD and so on,
3) the patients were older than 18 years of age and had confirmed
diagnoses of OS and OSA and/or COPD. The following studies
were excluded: 1) the reviews, animal studies, conference abstracts,
comments, and case reports, 2) the studies without control
groups, 3) the studies that enrolled patients with exacerbated
conditions or OSA treatment. 4) the studies that did not report
any cardiovascular and cerebrovascular comorbidity results.

Quality assessment

The included studies were evaluated by 2 independent re-
viewers (J.H. Xu and Z.J. Wei) using the quality assess-
ment method, and disagreements resolved via discussion. The
Agency for Healthcare Research and Quality was used to assess
the quality of cross-sectional studies.'® Studies that achieved
5 or more stars were considered high quality. The case con-
trol studies were evaluated by the Newcastle-Ottawa Scale
as follows: low quality = 0-3, moderate quality = 4-7, high
quality = 8-11."
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Data extraction

We recorded the data from the selected studies using standard
electronic sheets. The following information was extracted:
the last name of the first author, the publication year, the study
design, the source of population, the diagnostic criteria of
disease (including OS and the comorbidities), the number of
each sample size, the cardiovascular and cerebrovascular
comorbidities (including the number of events), and the main
adjusted confounders. This process was performed by 2 in-
dependent reviewers (J.H. Xu and Z.J. Wei).

Statistical analysis

We performed a meta-analysis using the Cochrane Collaboration’s
RevMan software (https://community.cochrane.org/help/tools-
and-software/revman-5). OR was used to estimate the association
between OS and cardiovascular and cerebrovascular comorbidity.
Interstudy heterogeneity was examined by the Cochrane Q test,
and chi-square tests with /° tests. We considered 7 > 50% as high
heterogeneity, in which condition the random-effects model
was used; otherwise the fixed-effects model was used. Sensi-
tivity analysis was also performed to explore the sources of high
heterogeneity and the stability of the results. A value of P <.05
was considered statistically significant.

RESULTS

Results of literature search and characteristics of studies

A total of 2,175 studies were identified from different
sources. Finally, data were taken from 17 articles, including
5 Chinese articles and 12 English articles, which were in
accordance with the inclusion and exclusion criteria after
literature searching and screening. Figure 1 shows the pro-
cess of literature search. The quality of these studies was
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Table 1—Characteristics of included studies.

Study Study Design Diagnosis Criteria of OS Population Adjustment | Outcome | Quality*
COPD: criteria established by the COPD: 27, OSA: 21
Chinese Medical Association (2011)
Bai, 2017 Case-control study | OSA: criteria established by the 0S: 22 Sex Hypertension 6
Chinese Medical Association
(2013) (PSG)
Cross-sectional COPD: FEV1/FVC ratio < 60% OSA: 194
Chaouat et al, 1995™ N PH 7
sovatela study OSA: AHI > 20 (PSG) 0S: 26 °
COPD: answered yes to the question| COPD: 695,
“Has a doctor or other health OSA: 366
professional ever told you that you had
chronic bronchitis or emphysema?”
Du et al, 2018 Cross-sectional OSA: answered yes to the question | 0S:90 No Hypertension 8
study Have you ever been told by a doctor or
other health professional that you have
a sleep disorder?” and reported sleep
apnea to “What was the
sleep disorder?”
. Cross-sectional COPD: GOLD (2013) COPD: 144 Age .
Steveling et al, 2014* Hypert 8
eveing et a study OSA: AHI > 10 eventsih (Apnealink) |OS: 33 Smoking yperiension
COPD: International Classification of | COPD: 41 Age, sex Hypertension
Greenberg-Dotan et al, 2013"| Case-control study | Diseases, Ninth Revision 8
OSA: AHI = 5 events/h (PSG) 0S: 57 Smoking PH
-secti COPD: GOLD (2014 COPD:19 Age, sex
Gunduz et al, 2018 (s:t[ioff; sectone OSA: RDI > 15((Wat(3h-PAT) 0S: 26 S?noking PH !
COPD: GOLD (2008) COPD: 36, OSA: 96
Cross-sectional | OSA: criteria established by the 0S: 32 ;
Han et al, 2013 y Age, Hypert 6
aneta study Chinese Medical Association ge, sex yperiension
(2011) (PSG)
COPD: 5 questions about COPD and | COPD: 206 Age, sex
respiratory symptoms to identify
Cross-sectional | diagnosed COPD or related
Hang et al, 2016 study respiratory symptoms of 3 Stroke 8
months duration
OSA: Berlin Questionnaire 0S: 86 Smoking
COPD: Optimal assessment and OSA: 67
o Cross-sectional | management of chronic obstructive
HaWI'y"(IEWICZ et al, 20041 StUdy pulmonary disease (COPD) (1995) No PH 6
OSA: ATS recommendations (PSG) |OS: 17
COPD: postbronchodilator FEV,/FVC|OSA: 721
: Cross-sectional  |ratio of <.7 .
Lacedonia et al, 2018% No Hypertension 6
I study OSA: AASM criteria (cardio- 0S: 123 v I
respiratory overnight monitoring)
Taranto- Montemurro Cross-sectional COPD: GOLD (2013) : COPD: 16, OSA: 24 .
et al. 20162 study OSA: AASM (2012) (cardio- 0S: 14 No Hypertension | 7
’ respiratory polysomnography)
COPD: criteria established by the COPD: 53, OSA: 50
Cross-sectional Chinese Medical Association (2007)
Niu et al, 2010% study OSA: criteria established by the | 0S: 25 Not mentioned | PH 6
Chinese Medical Association
(2002) (PSG)
COPD: GOLD (2011) COPD: 55
Ou et al, 20182 Cross-sectional | OSA: criteria established by the 0S: 32 BMI PH 6

study

Chinese Medical Association
(2011) (PSG)

(continued on following page)
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Table 1—Characteristics of included studies. (continued)

Study Study Design Diagnosis Criteria of OS Population Adjustment | Outcome | Quality*
c fional COPD: postbronchodilator FEV4/FVC|COPD: 25 Age, sex Hypertension
Silva Junior et al, 2018% StLO;;'SeC lonal | ratio < 70 8
OSA: AHI = 15 events/h (PSG) 0S: 14 Smoking,BMI  |PH
, COPD: criteria established by the ~ |COPD: 54 Age, sex Hypertension
Sun, 20152 ;LO;S'SGCt'O”aI Chinese Medical Association (2011) 8
y OSA: AHI = 5 events/h (Apnealink) |OS: 28 Smoking CHD, PH
, COPD: GOLD (2017) COPD: 50 Age, sex Hypertension
s 2% Cross-sectional - -
un et al, 2019 study OSA: AHI = 10 events/h (Apnealink) |OS: 56 Smoking,BMI | CHD, PH, 9
CVD
, COPD: GOLD (2007) COPD: 62, Hypertension
Xie et al, 20197 Cross-sectona OSA: 735 No 8
y OSA: AHI = 15 events/h (PSG) 0S: 49 CHD, CVD

*The cross-sectional study was measured by the Agency for Healthcare Research and Quality; the case-control study was evaluated by the
Newcastle-Ottawa Scale. AASM = American Academy of Sleep Medicine, AHI = apnea-hypopnea index, BMI = body mass index, CHD = coronary
heart disease, COPD = chronic obstructive pulmonary disease, CVD = cerebrovascular disease, GOLD = global initiative for obstructive lung
disease, OS = overlap syndrome, OSA = obstructive sleep apnea, PH = pulmonary hypertension, PSG = polysomnography, RDI = respiratory

disturbance index.

Figure 2—Forest plot showing the comparison of hypertension prevalence between patients with OS and patients with COPD.

oS COPD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bai 2017 7 22 4 27 3.0% 2.68[0.67, 10.77] 1T
Du 2018 63 90 324 695 27.2% 2.67 [1.66, 4.30] -
Esther 2014 20 33 54 144 9.7% 2.56 [1.18, 5.57] -
Greenberg-Dotan 2014 40 57 27 41 11.5% 1.22[0.52, 2.88] 1
Han 2013 12 32 6 36 4.3% 3.00[0.97, 9.30] -
Silva 2018 6 14 14 25 7.0% 0.59[0.16, 2.21] - 1
Sun 2015 21 28 25 54 5.2% 3.48 [1.27, 9.54] -
Sun 2019 24 56 23 50 17.0% 0.88[0.41, 1.90] -
Taranto 2016 9 14 9 16 3.7% 1.40[0.32, 6.11] I
Xie 2019 35 49 37 62 11.4% 1.69 [0.76, 3.76] T
Total (95% CI) 395 1150 100.0% 1.94 [1.49, 2.52] ¢
Total events 237 523 . . . .
Heterogeneity: Chi? = 12.93, df =9 (P = 0.17); I? = 30% J ! J '
Test for overall effect: Z = 4.97 (P < 0.00001) 0.01 04 OS1 COPD 10 100

The horizontal line represents the confidence interval of the study, and the small square in middle represents the odds ratio of this study. The prismatic
symbol at the bottom of the figure represents the pooled results. Cl = confidence interval, COPD = chronic obstructive pulmonary disease, OS =

overlap syndrome.

high, and the characteristics of studies are summarized in
Table 1. The funnel plots suggested no evidence of publication
bias among studies.

Hypertension

Comparison of hypertension prevalence between patients
with OS and patients with COPD

A total of 395 patients with OS and 1,150 patients with COPD from
10 studies were included. There was little heterogeneity among them
(#=30%, P=.17). Fixed-effects meta-analysis showed that OS
significantly increased the risk of developing hypertension
(Figure 2, OR = 1.94, 95% CI [1.49, 2.52]).

Journal of Clinical Sleep Medicine, Vol. 16, No. 7

Comparison of hypertension prevalence between patients
with OS and patients with OSA

A total of 330 patients with OS and 1,963 patients with OSA
from 6 studies were included. There was little heterogeneity
among studies (I = 36%, P = .17). Fixed-effects meta-analysis
showed that OS significantly increased the risk of developing
hypertension (Figure 3, OR =2.05, 95% CI [1.57, 2.68]).

Coronary heart disease

A total of 133 patients OS and 166 COPD patients from 3 studies
were included. There was mild heterogeneity among them (I° =
50%, P = .14). Fixed-effects meta-analysis showed that there
was no significant difference in CHD prevalence between
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Figure 3—Forest plot showing the comparison of hypertension prevalence between patients with OS and patients with OSA.

0s OSA

Study or Subgroup Events Total Events Total Weight
Bai 2017 7 22 7 21 6.1%
Du 2018 63 90 215 366 31.8%
Han 2013 12 32 32 96 12.5%
Lacdonia 2018 101 123 429 721 27.9%
Taranto 2016 9 14 15 24 4.9%
Xie 2019 35 49 377 735 16.8%
Total (95% CI) 330 1963 100.0%
Total events 227 1075

Heterogeneity: Chi?2=7.79, df =5 (P = 0.17); I? = 36%
Test for overall effect: Z = 5.25 (P < 0.00001)

Odds Ratio Odds Ratio
M-H. Fixed, 95% CI M-H. Fixed, 95% CI
0.93 [0.26, 3.34] 1
1.64 [1.00, 2.69] il
1.20 [0.52, 2.76] T
3.12[1.92, 5.07] -
1.08 [0.27, 4.25] I
2.37 [1.26, 4.49] -
2.05 [1.57, 2.68] ¢
0.01 0.1 1 10 100
0S OSA

The horizontal line represents the confidence interval of the study, and the small square in middle represents the odds ratio of this study. The prismatic
symbol at the bottom of the figure represents the pooled results. Cl = confidence interval, COPD = chronic obstructive pulmonary disease, OS =

overlap syndrome.

Figure 4—Forest plot showing the comparison of CHD prevalence between patients with OS and patients with COPD.

(0 15) COPD
Study or Subgroup Events Total Events Total Weight
Sun 2015 2 28 0 54 1.5%
Sun 2019 13 56 7 50 26.3%
Xie 2019 22 49 32 62 72.2%
Total (95% CI) 133 166 100.0%
Total events 37 39

Heterogeneity: Chi? = 3.97, df = 2 (P = 0.14); I = 50%
Test for overall effect: Z = 0.60 (P = 0.55)

Odds Ratio
M-H, Fix?d. 95% CI

Odds Ratio
M-H, Fixed, 95% CI
10.28 [0.48, 221.88]
1.86 [0.68, 5.11]
0.76 [0.36, 1.62]

A 4

1.19 [0.67, 2.11]

0.01 0.1 1 10 100
OS COPD

The horizontal line represents the confidence interval of the study, and the small square in middle represents the odds ratio of this study. The prismatic
symbol at the bottom of the figure represents the pooled results. CHD = coronary heart disease, Cl = confidence interval, COPD = chronic obstructive pulmonary

disease, OS = overlap syndrome.

patients with COPD and patients with OS (Figure 4, OR=1.19,
95% CI [0.67, 2.11]).

Pulmonary hypertension

Comparison of PH prevalence between patients with OS and
patients with COPD

A total of 184 patients with OS and 224 patients with COPD
from 5 studies were included. There was mild heterogeneity
among studies (F = 52%, P = .08). Figure 5 shows the results
from random-effects meta-analysis. Overall OS significantly
increased the risk of developing PH (OR = 2.96, 95% CI
[1.30, 6.77]).

Comparison of pulmonary artery pressure (PAP) level
between patients with OS and patients with COPD

A total of 142 patients with OS and 178 patients with COPD
from 4 studies were included. There was heterogeneity
among studies (F* = 89%, P <.01). Figure 6 shows the results
from random-effects meta-analysis. Patients with OS had
higher PAP than patients with COPD (mean difference (MD) =
5.93,95% CI1[0.87,10.99]).

Journal of Clinical Sleep Medicine, Vol. 16, No. 7
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Comparison of PH prevalence between patients with OS and
patients with OSA

A total of 68 patients with OS and 311 patients with OSA from 3
studies were included. There was heterogeneity among studies
(P =71%, P =.03). Figure 7 shows the results from random-
effects meta-analysis. Overall OS significantly increased the
risk of developing PH (OR = 5.83, 95% CI [1.84, 18.42]).

Cerebrovascular disease

A total of 191 patients with OS and 318 with patients COPD
from 3 studies were included. There was no heterogeneity
among them (I* = 0%, P = .80). The fixed-effects meta-analysis
showed that there was no difference in CVD prevalence be-
tween patients with OS and patients with COPD (Figure 8,
OR =2.43, 95% CI [0.81, 7.31]).

Sensitivity analysis

Table 2 shows the results of sensitivity analysis. No matter
whether we restricted the studies to the use of polysomnography
or portable sleep monitor for OSA diagnosis and to the use of
spirometry for COPD diagnosis or we restricted the enrolled
population or instrument for measuring pulmonary artery

July 15, 2020



J Xu, Z Wei, X Wang, et al. Vascular disease in overlap syndrome

Figure 5—Forest plot showing the comparison of PH prevalence between patients with OS and patients with COPD.

oS COPD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
Greenberg-Dotan 2014 12 57 3 41 19.7% 3.38[0.89, 12.86] T "
Niu 2010 12 25 18 53 26.2% 1.79[0.68, 4.73] T
Ou 2018 15 32 4 55 21.4% 11.25 [3.28, 38.56] - =
Silva 2017 1 14 0 25 5.5% 5.67 [0.22, 148.78] >
Sun 2019 14 56 10 50 271% 1.33[0.53, 3.35] I L
Total (95% CI) 184 224 100.0% 2.96 [1.30, 6.77] S
Total events 54 35 . . . .
Heterogeneity: Tau? = 0.43; Chi2 = 8.40, df =4 (P = 0.08); I12 = 529 ! i J !
Test fo?overzll effect: Z=2.58 (P = 0.01) ( ! . 0.01 01 ! 10 100

OS COPD

The horizontal line represents the confidence interval of the study, and the small square in middle represents the odds ratio of this study. The prismatic symbol
at the bottom of the figure represents the pooled results. CI = confidence interval, COPD = chronic obstructive pulmonary disease, OS = overlap syndrome,
PH = pulmonary or hypertension.

Figure 6—Forest plot showing the comparison of PAP level between patients with OS and patients with COPD.

Mean Difference Mean Difference

Study or Subgrou

Gunduz 2018 275 1041 26 256 6.2 19 23.0% 1.90 [-2.88, 6.68]

Ou 2018 38.94 4.19 32 30.26 4.27 55 27.8% 8.68 [6.84, 10.52] =
Sun 2015 41.77 11.32 28 29.41 4.96 54 23.7% 12.36 [7.96, 16.76] =
Sun 2019 31.71  9.13 56 31.12 8.78 50 25.5% 0.59 [-2.82, 4.00]

Total (95% CI) 142 178 100.0% 5.93[0.87, 10.99]

Heterogeneity: Tau? = 23.10; Chi? = 26.85, df = 3 (P < 0.00001); I> = 89%
Test for overall effect: Z =2.30 (P = 0.02)

5 0
OS COPD

The horizontal line represents the confidence interval of the study, and the small square in middle represents the odds ratio of this study. The prismatic symbol

at the bottom of the figure represents the pooled results. Cl = confidence interval, COPD = chronic obstructive pulmonary disease, OS = overlap syndrome,

PAP = pulmonary artery pressure.

~100

Figure 7—Forest plot showing the comparison of PH prevalence between patients with OS and patients with OSA.

oS OSA Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chaouat 1995 11 26 26 194 37.2% 4.74[1.96, 11.43] L
Hawrytkiewicz 2004 14 17 11 67 27.8% 23.76 [5.83, 96.78] =
Niu 2010 12 25 14 50 35.0% 2.37 [0.87, 6.44] =
Total (95% CI) 68 311 100.0% 5.83 [1.84, 18.42] N
Total events 37 51

[T 2 — . Chi2 = - — .2 = 710 I } } {
Heterogeneity: Tau? = 0.73; Chi?=6.89, df =2 (P =0.03); ’=71% 001 oA 1 10 100
Test for overall effect: Z = 3.00 (P = 0.003) 0S OSA

The horizontal line represents the confidence interval of the study, and the small square in middle represents the odds ratio of this study. The prismatic symbol
at the bottom of the figure represents the pooled results. CI = confidence interval, COPD = chronic obstructive pulmonary disease, OS = overlap syndrome,

PH = pulmonary hypertension.

pressure, the results of the prevalence of PH did not change
among studies. Additionally, the heterogeneity among the studies
that compared the PH prevalence between OS and COPD
significantly decreased after excluding studies that enrolled
only older people, as did the heterogeneity among the studies
about the comparison of PH prevalence between OS and OSA
after excluding studies that diagnosed COPD by medical his-
tory. However, the combined result of PAP in patients with OS
and patients with COPD was not stable. When we excluded
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studies that included only older people, the combined result
showed that the PAP value was similar in patients with OS and
patients with COPD.

DISCUSSION

It is a hot issue whether patients with OS had more risk of
hypertension and PH than patients with COPD or OSA alone.

July 15, 2020



J Xu, Z Wei, X Wang, et al.

Vascular disease in overlap syndrome

Figure 8—Forest plot showing the comparison of CVD prevalence between patients with OS and patients with COPD.

0s COPD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed. 95% CI
Hang 2016 2 86 1 206 13.5% 4.88 [0.44, 54.55] ] "
Sun 2019 6 56 3 50 66.6% 1.88 [0.44, 7.95] — i
Xie 2019 2 49 1 62 19.9% 2.60[0.23, 29.50] =
Total (95% CI) 191 318 100.0% 2.430.81, 7.31] “
Total events 10 5
o Ohiz = - - 2= Q9 [ : : |
_II-_|et¢ta:cogene|ty|.I Cff;l . 024_51 cgs |i(_PO 1(3I.80), 12=0% 001 01 1 10 100
est for overall effect: Z=1.58 (P = 0.11) 0S COPD

The horizontal line represents the confidence interval of the study, and the small square in middle represents the odds ratio of this study. The prismatic
symbol at the bottom of the figure represents the pooled results. Cl = confidence interval, COPD = chronic obstructive pulmonary disease, CVD = cardiovascular

disease, OS = overlap syndrome.

Table 2—Sensitivity analysis of studies about PH.

nclusion Criteria PH (OS vs COPD) PH (OS vs OSA) PAP (0S vs COPD)

n P OR (95% Cl) P OR (95% Cl) n P MD (35% Cl)
Total 5 | 52% | 2.96(1.30,6.77) 71% | 583(1.84,1842) | 4 | 89% | 593(0.87, 10.99)
Population 4 0% | 1.91(1.07,341) - - - 3 | 89% | 4.90(-2.40, 12.20)
Criteria of OS 3 | 62% | 391(1.30,11.74) | 2 5% | 3.94(1.78, 6.78) 2 | 56% | 9.16(6.52, 13.39)
PAP detection 4 | 64% | 2.96(1.03,8.35) 2 | 73% | 965(1.84,4691) | - -

Cl = confidence interval, COPD, chronic obstructive pulmonary disease, MD, mean difference, OR = odds ratio, OS = overlap syndrome, PAP = pulmonary

arterial pressure, PH = pulmonary hypertension.

Some small-sample observational studies reported that OS
increased the risk of cardiovascular disease, but others
showed that the prevalence of cardiovascular and cerebro-
vascular disease was similar in patients OS and patients with
COPD/OSA.*!* Due to the lack of prospective studies, espe-
cially the large-sample ones, the exact association between OS
and cardiovascular/cerebrovascular disease was still unclear.
For the first time, we made a meta-analysis to compare the
prevalence of cardiovascular and cerebrovascular disease
between OS and COPD/OSA and found that different types
of cardiovascular diseases, such as hypertension and PH,
showed different prevalence between patients with OS
and patients with COPD/OSA. However, the prevalence of
CHD and CVD were similar between patients with OS and
those with COPD.

Previous research has shown that the major comorbidities in
patients with OS include hypertension, cardiovascular disease,
and diabetes, among which hypertension was the most common.?’
Bai'* and Taranto-Montemurro et al*' did not find the statistical
difference of the prevalence of hypertension between patients
with OS and those with COPD/OSA. This negative result might
be due to the criteria they used to diagnose OSA (apnea-
hypopnea index [AHI] > 5 events/h). However, the studies of
Xie et al*’ and Steveling et al*, in which the definitions of OS
were AHI > 15 events/h and > 10 events/h respectively, found
that patients with OS had higher hypertension prevalence than
patients with COPD/OSA. In these studies, patients with OS had
lower levels of nocturnal mean arterial oxygen saturation than

Journal of Clinical Sleep Medicine, Vol. 16, No. 7

1205

patients with COPD/OSA and longer time of nocturnal arterial
oxygen saturation < 90% than patients with COPD. In contrast,
the study of Silva Junior et al, in which the criteria of OS was
AHI > 15 events/h as well, showed that there was no difference
of hypertension prevalence between patients with OS and
COPD when they only enrolled the patients with mild hypoxia.
These results suggested that hypoxia might play an important
role in the occurrence of hypertension. Considering that the
above studies were small-sample, we made this meta-analysis
and confirmed that the prevalence of hypertension in patients
with OS was higher than that in those with COPD or OSA alone.
As we all know, patients with OSA had sympathetic hyper-
activity that was closely related to hypertension. When com-
bined with COPD, patients with OS usually had more severe
hypoxia than patients with OSA alone. This could further
enhance sympathetic activity and damage the endothelial
function.”® Wang and his colleagues® found that the endo-
thelial injury was more severe in patients with OS than those
with COPD/OSA, and this was in line with the incidence of
hypertension. These findings could explain why OS had in-
creased risk of hypertension.

In recent years, the occurrence of PH in patients with OS
has received increasing attention. The studies conducted by
Greenberg-Dotan et al' and Niu et al**>, with AHI > 5 events/h
as the diagnostic criteria, found that patients with OS were
more likely to develop PH than patients with COPD alone.
Sun et al*® further found that the increased risk for PH in patients
with OS was associated with the increased severity of OSA.
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They found that compared with patients with COPD, only
patients with OS with AHI > 30 events/h, but not patients with
OS with AHI > 10 events/h, showed higher prevalence of PH.
It is well known that chronic intermittent hypoxia in patients
with OSA could induce high level of reactive oxygen species
and increase intracellular Ca** concentration in pulmonary
arterial smooth muscle cells, which is a key process in vascular
remodeling and PH development.*® In addition, hypoxia could
increase endothelin-1 level in lung, which contributes to the
development of PH.*® It has been reported that the endothelin-1
level was higher in patients with OS than those with COPD/
OSA, especially in patients with OS and PH.?* In this study, the
oxygen levels of patients with OS did decrease compared with
patients with COPD/OSA. However, the sensitivity analysis
showed that the combined result of comparison of PAP be-
tween OS and COPD was not stable. There were just 4 articles
included, and all of them measured the PAP by ultrasound. As
the catheter is the gold standard for PAP measurement, studies
to compare PAP measured by catheter with larger sample size
are needed.

The hypoxic model of OS was chronic intermittent desa-
turation during sleep from a baseline hypoxemia. Hence,
OS should theoretically induce more CHD and CVD than
COPD/OSA. However, in terms of CHD and CVD prevalence,
we did not find a difference between patients with OS and those
with COPD. It might be related to the similar level of hypoxia
between them. Our results were consistent with research
conducted by Hang et al,'' Sun et al,*® and Xie et al*’. In ad-
dition, OSA may present a potential cardioprotective effect
because of the compensation to intermittent episodes of apneas
via preconditioning,’' especially in those with low hypoxia
burden. Since the patients in the OS group were not further
divided according to the severity of OSA, the protective effect
of mild OSA may explain the negative results.'?>**

This study had some limitations as well. First, the enrolled
studies were observational ones, which meant that some un-
measured variables might not be fully ruled out. Second, the
statistical heterogeneity between the studies was high in some
comparisons such as prevalence of PH and PAP level. Although
the result of comparison of PAP between OS and COPD pa-
tients was unstable, the sensitivity analysis showed that the
combined results were stable in most of the comparisons.
Further studies about PAP in patients with OS and those with
COPD are needed. Finally, the current study was not registered
and there might be small offsets, but we strictly followed the
steps of the systematic review.

CONCLUSIONS

In summary, this meta-analysis provided further evidence that
coexistence of COPD and OSA significantly increased the
prevalence of hypertension and PH. The severity of OSA and
hypoxemia should be considered when evaluating the comor-
bidities of OS. Further prospective cohort studies and ran-
domized controlled trials about the management of OS are still
required for better understanding the association between OS
and cardio- and cerebrovascular disease.
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ABBREVIATIONS

AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index

BMI, body mass index

CHD, coronary heart disease

CI, confidence interval

COPD, chronic obstructive pulmonary disease
CVD, cerebrovascular disease

GOLD, global initiative for obstructive lung disease
MD, mean difference

OR, odds ratio

OS, overlap syndrome

OSA, obstructive sleep apnea

PAP, pulmonary artery pressure

PH, pulmonary hypertension

PSG, polysomnography
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