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Abstract

Obstructive sleep apnea (OSA) is a disease with intermittent hypoxemia during sleep. It has been shown that OSA is related
to several cardiovascular diseases including heart failure. Both OSA and heart failure have a close association bidirectionally.
This study aimed to estimate the pooled prevalence of OSA in patients with heart failure as well as pooled prevalence of heart
failure in patients with OSA. This was a systematic review with a meta-analysis. The inclusion criteria were observational or
epidemiological studies conducted in adult patients with heart failure to evaluate the prevalence of OSA and patients with OSA
to evaluate the prevalence of heart failure. The outcomes of this study were prevalence of OSA in patients with heart failure and
prevalence of heart failure in patients with OSA. Four databases were used for systematic searching including PubMed, Science
Direct, Scopus, and CINAHL Plus. Manual searches for related studies were also conducted. Proportion meta-analyses using
a random-effects model were conducted to identify pooled proportion (prevalence) of heart failure in patients with OSA and
vice versa. Among 3,941 articles from the four databases met the study criteria. Thirty-three studies showed the prevalence of
OSA in patients with heart failure, while thirteen studies presented the prevalence of heart failure in patients with OSA. The
prevalence of OSA in patients with heart failure was 38.4% (95% CI 31.9 to 45.2; I? of 96.1%). Using a diagnostic criterion
of OSA of more than 10 events/hr had the highest prevalence of OSA in patients with heart failure at 53.4% (95% CI 42.0 to
64.5). The highest prevalence of OSA in patients with heart failure was 60.1% (95% CI 51.4 to 68.3) in a report from India.
The pooled prevalence of heart failure in patients with OSA was 12.8% (95% CI 8.1 to 19.5; I? of 94.6%). The prevalence in
Romania was highest at 22.6% (95% CI 20.4 to 24.9). The pooled prevalence of OSA in patients with heart failure was higher
than the pooled prevalence of heart failure in patients with OSA. The pooled prevalence rates of these associations varied among
the diagnostic criteria of OSA and countries.

Keywords Obstructive sleep apnea - Heart failure - Prevalence Systematic review

Introduction

Obstructive sleep apnea (OSA) is a common disease with
a prevalence of 9-38% in the general population [1]. Its
prevalence is slightly more in men than in women (22%
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vs. 17%), with extremely high figures in some populations
such as the elderly (90% in men and 78% in women) [1,
2]. The mechanism of OSA is repeated hypoxemia during
sleep, which may lead to several cardiovascular conditions
including heart failure [3-9]. A Mendelian randomization
study found that OSA increased the risk of heart failure by
1.13 times (95% CI 1.01 to 1.27) after adjusting for several
variables [9]. Additionally, patients with OSA were related
with diastolic dysfunction evidence by lower ratio of early
to late mitral inflow velocities (E/A) by -0.62 compared
with non-OSA patients (p-value =0.001) [10].

Heart failure is a global health issue, which affects
more than 25 million people worldwide, with new admis-
sions of over one million per year in the US [11]. Hospital
admissions for heart failure were 6.5 million hospital days
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annually with an annual cost of over 40 billion USD [11].
A recent study of 111 patients with heart failure found that
OSA was highly prevalent at 63.5% [12]. To emphasize
the correlation between OSA and heart failure, this study
aimed to estimate the prevalence of OSA in patients with
heart failure and the prevalence of heart failure in patients
with OSA by a systematic review.

Methods

The inclusion criteria were survey or observational stud-
ies on the prevalence of OSA in patients with heart failure
and the prevalence of heart failure in patients with OSA.
We excluded studies with randomized controlled trials,
case report/case series, commentaries, books, or reviews.
Those studies without a prevalence or incidence of OSA
or a diagnosis of OSA other than polysomnography were
also excluded. Four databases were used for systematic
searching, namely PubMed, Science Direct, Scopus, and
CINAHL. In addition, manual searches for related studies
were also performed. Search terms included obstructive
sleep apnea, prevalence, incidence, epidemiological study,
and observational study. The full list of search terms is
shown in Appendix. The final search was performed on
September 26, 2022.

After duplication removal, initial screening was carried
out for nonrelevant articles [13—16]. The initial screening
process was performed by two authors (WP, SK) indepen-
dently. Titles and abstracts were screened and included for
any observational studies on OSA and heart failure. The
full-text review and data extraction were performed by two
independent authors (WP, SK). A PRISMA flow chart of
article searching and included studies is shown in Fig. 1.

Data collection of each included study was retrieved
for the following section publication characteristics, study
characteristics, and outcomes. The publication character-
istics comprised the first author, year of publication, and
country of study origin, whereas study characteristics
included study design, age of patients with heart fail-
ure or OSA, diagnosis of heart failure, and diagnosis of
OSA. The primary outcome was the prevalence of OSA in
patients with heart failure and the prevalence of heart fail-
ure in patients with OSA. Study quality of observational
studies was evaluated by using the Newcastle-Ottawa
Scale; but not the descriptive studies.

Statistical analysis
The I’ statistic and Cochran’s Q test were calculated to assess

the heterogeneity of proportions among included studies.
Subgroup analyses by diagnostic method, country, and
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region were used to investigate the heterogeneity between
results of included studies. Proportion meta-analyses using
a random-effects model were conducted to identify pooled
proportion (prevalence) of heart failure in OSA patients and
pooled proportion of OSA in heart failure patients. Publica-
tion bias was evaluated using Egger’s test. RStudio, R lan-
guage, and the “meta” package in R were used to perform
all data analyses [17-19].

Results
Prevalence of OSA in patients with heart failure

There were 3,941 articles eligible for the screening process.
Of these, 46 articles entered the full-text review; 13 articles
were excluded due to unavailability of polysomnography
for OSA diagnosis (10 articles) or no OSA prevalence (3
articles). In total, 33 articles were included for the analysis
(Fig. 1). All selected articles had been published between
1997 and 2022; they were mostly from the U.S. (8 articles);
and most of them were prospective/cohort studies (18 arti-
cles) [20-52]. Diagnosis of OSA was made by evidence of
an apnea—hypopnea index (AHI) of 5, 10, or 15 times/hr,
while patients with heart failure had a low-left ventricular
function of less than 35-55% (Table 1). One study con-
ducted in patients with rheumatic valvular heart disease [25].
The studies contained data from 8,480 patients with heart
failure. Of these, 3,079 patients (38.4%) had OSA (95% CI
31.9 to 45.2%), with an 1% of 96.1% (Fig. 2). A subgroup
analysis by diagnostic criteria of OSA showed that AHI of
more than 10 times/hr had the highest prevalence of OSA at
53.4% (95% CI 42.0 to 64.5%) (Fig. 2). Patients with heart
failure in the Asia region had the highest prevalence of OSA
with heart failure of 43.4% (95% CI 29.5 to 58.3) when
compared with other regions (Fig. 3). Among the countries,
India had the highest prevalence of OSA (2 studies, 60.1%
with 95% CI 51.4 to 68.3) [36, 51], followed by Hong Kong
(1 studies, 55.0% with 95% CI 31.5 to 76.9) [23], as shown
in Fig. 4. Regarding study quality, five studies were obser-
vational studies; four cohort studies and one case-control
study. Three out of four cohort studies had a good quality,
while the case-control study had a poor quality (Table 2).

Prevalence of heart failure in patients with OSA

Among the 3,940 articles for screening, 22 articles met the
criteria for full-text review (Fig. 5). Of these, 13 articles
were included for the analysis that were published between
2003 and 2021, were mostly prospective/cohort studies
(6 articles), and were conducted in the U.S. (4 articles)
or China (3 articles) [53—65]. Diagnostic criteria for OSA
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Fig. 1 PRISMA flow for evaluating prevalence of obstructive sleep apnea in patients with heart failure

varied from AHI of 5-15 times/hr, while most studies did
not report the diagnostic criteria for heart failure (Table 3).

The pooled prevalence of heart failure in patients with
OSA was 12.8% (95% CI 8.1 to 19.5; I? of 94.6%) based
on 5,250 patients with OSA (Fig. 6). In subgroup analysis
by diagnostic criteria for OSA (Fig. 6), the pooled preva-
lence from five studies was 18.8% (95% CI 14.5 to 24.1)
when using an AHI of 5 events/hr or more. Europe had
the highest prevalence of heart failure at 15.8% (95% CI

10.5 to 23.1), as shown in Fig. 7. At the country level,
the prevalence in Romania was highest at 22.6% (1 stud-
ies, 95% CI 20.4 to 24.9), as shown in Fig. 8. There were
seven observational studies; five cohort and two cross-
sectional studies (Table 4). One out of five cohort studies
had a good quality, while both cross-sectional studies had a
good quality. Based on Egger’s test, there was no evidence
of significant publication bias among included studies that
determined the prevalence of OSA in patients with heart
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Table 1 Characteristics of included studies of patients with heart failure (HF) to evaluate prevalence of obstructive sleep apnea (OSA)

Study Year Country N, OSA N, total Study design Age, years® OSA diagnosis HF diagnosis
Alvi 2018 USA 143 1124 Cohort 62+7.6 AHI>5 LVEF<50%
Arzt 2017 Germany 452 1557 Descriptive 66+11 AHI>15 LVEF<45%
Bitter 2009 Germany 97 244 Prospective, 66.8+1.9 AHI >S5 LVEF>55%
descriptive
Chan 1997 Hong Kong 11 20 Descriptive 65+6 AHI> 10 NYHA 2 or 3 or
echocardiogram
Damy 2012 France 238 384 Prospective, 63+13 AHI>5 LVEF <45%
descriptive
Ding*VHD 2011 China 42 260 Cross-sectional, 54.8 (52.1-57.6)  AHI>5 RHD, NYHA >2
descriptive
Dolliner 2013 Austria 88 176 Descriptive 68.3(33.1-85.9) AHI> 15 Echocardiogram
Donovan 2016 USA 66 98 Cross-sectional, 55.1 (45.6-64.6) AHI>5 NA
descriptive
Ferrier 2005 New Zealand 28 53 Cross-sectional, 60.1+9.8 AHI> 10 LVEF<45%
descriptive
Gupta 2020 India 16 25 Case-control 60.5+9.8 AHI>S5 Clinical, LVEF >50%,
elevated BNP
Herrscher 2011 Norway 62 115 Prospective, 62.4+9.2 AHI>5 Clinical,
descriptive echocardiogram, or
elevated BNP
Holtstrand Hjdlm 2018 Sweden 7 121 Longitudinal cohort NA AHI> 15 Any LVEF
Huang 2020 China 189 382 Prospective, 57+13° AHI> 15 Clinical,
descriptive echocardiogram, or
elevated BNP
Javaheri 1998 USA 41 81 Prospective, 66+9 AHI>15 LVEF <45%
descriptive
Javaheri 2006 USA 49 100 Prospective, NA AHI> 15 LVEF<45%
descriptive
Javaheri 2016 USA 102 174 Prospective, 783+5.5 AHI> 15 Hospital admission
descriptive
Khayat 2009 USA 226 395 Prospective, 60+0.9 AHI>15 Clinical,
descriptive echocardiogram, or
elevated BNP
Kishan 2021 India 61 103 Cross-sectional, 62.65+11.8 AHI>5 Any LVEF
descriptive
Lombardi 2018 Italy 241 370 Prospective, 63.4+11.6° (OSA) AHI>S LVEF<35%
descriptive
MacDonald 2008 USA 32 108 Prospective, 57+2° AHI> 15 LVEF <40%
descriptive
Oldenburg 2007 Germany 253 700 Descriptive 65.02+9.5° AHI>5 LVEF<40%
Oldenburg 2009 Netherlands 24 105 Descriptive 60.4+11.7° AHI>5 LVEF <40%
Padeletti 2009 USA 0 29 Descriptive 56.7+17.1 AHI>5 LVEF<40%
Paulino 2009 France 178 316 Descriptive 59+3 AHI>10 LVEF<45%
Roebuck 2004 Australia 22 78 Prospective, 53+9 AHI>5 LVEF<55%
descriptive
Sin 2003 Canada 121 301 Cross-sectional, 594+1.1° AHI>10 LVEF <40%
descriptive
Suda 2018 Japan 28 105 Prospective, 62.9+13.6 AHI>5 LVEF<50%
descriptive
Tamisier 2019 France 94 183 Prospective cohort  67.34 AHI>15 Any LVEF
(59.27-75.66)
Tremel 1999  France 7 34 Prospective, 62+9 AHI> 15 LVEF <45%
descriptive
Vazir 2007 UK 8 55 Prospective, 61+12 AHI>5 LVEF<45%
descriptive
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Table 1 (continued)

Study Year Country N, OSA N, total Study design Age, years® OSA diagnosis HF diagnosis

Wang 2007 Canada 56 218 Prospective NA AHI> 15 LVEFs <45%

observational

Wang 2022 China 118 248 Descriptive 70.4+12.4 AHI>5 2016 European Society
of Cardiology
guidelines

Yumino 2009 Canada 56 218 Cross-sectional, 56.3+12.1° AHI>15 LVEF<45%

descriptive

NA not applicable, PSG polysomnography, AHI apnea-hypopnea index, LVEF left ventricular ejection fraction, NYHA New York Heart Associa-
tion classification, RHD rheumatic heart disease, BNP B-type natriuretic peptide

*Indicated mean + SD or median (interquartile range)
"Indicated age of patients with heart failure and OSA

failure (p-value = 0.6574) and the prevalence of heart fail-
ure in OSA patients (p-value =0.0646) as shown in Figs. 9
and 10, respectively.

Discussion

OSA is connected to heart failure through several mecha-
nisms, including hemodynamic, neurohormonal, and oxi-
dative/vascular effects [66—68]. Apnea induces an increase
of intrathoracic pressure leading to a rise in left ventricu-
lar transmural pressure and afterload. Oxidative stress
from apneic events also increases endothelial dysfunction
and sympathetic activation. Cyclical hypoxemia activates
endothelial cell inflammation and adhesion. These factors
indicate how the underlying mechanism of OSA contributes
to heart failure development.

The present review found more patients in the anal-
ysis of the prevalence of OSA in patients with heart
failure than did the analysis of the prevalence of heart
failure in patients with OSA (8,480 vs. 5,250), as shown
in Figs. 2 and 6. The prevalence of OSA in patients with
heart failure was also higher than the prevalence of heart
failure in patients with OSA (38.4% vs. 12.8%), from
33 articles vs. 13 articles, respectively. These data may
indicate that OSA may be the most common contributing
factor in patients with heart failure. A previous review
found that OSA had a prevalence of 53% in patients with
heart failure with reduced ejection fraction, and 62% in
patients with heart failure with preserved ejection frac-
tion [28, 68]. The prevalence of OSA in patients with
heart failure was high as these studies were conducted
in those patients who already had consequences of OSA.
Similarly, two previous studies found that the prevalence
of OSA in patients with stroke or TIA was approximately
70% [69, 70]. On the other hand, the prevalence of heart
failure in patients with OSA was low, as these studies

enrolled those with and without consequences of OSA.
These may result in a low prevalence of heart failure.
However, patients with OSA may increase the risk of
cardiovascular consequences of OSA if left untreated
or undiagnosed.

This study found that prevalence rates of both diseases
may be varied among countries. India had the highest
prevalence of OSA in patients with heart failure at 60.1%.
There are several explanations for these findings. First, the
prevalence of moderate to severe OSA in Indian population
by the type 1 polysomnography was high at 32.5% [71].
Second, the prevalence of OSA in South Asians was sig-
nificantly higher than white Europeans who were severe
obesity at 85% vs. 66%; p-value=0.017 [72]. Third, the
prevalence of metabolic syndrome in urban Indians was
high at 43%; 32.4% were diagnosed as OSA. Fourth, the
prevalence of coronary artery disease in Indians was 4.4 to
8.56 times higher than in the US; 11% in non-diabetic Indi-
ans and 21.4% in diabetic Indians vs. 2.5% in the US [73].
Additionally, major risk factors of coronary artery disease
in Indian population were quite high including hyperten-
sion (36.9%), diabetes (21%), high cholesterol (54.1%), and
smoking (42%). These data may imply that Indians are very
high risk for both OSA and heart failure resulting in the
highest prevalence of OSA in patients with heart failure. In
another direction, prevalence of heart failure was highest in
patients with OSA from Romania at 22.6% (Fig. 8). Other
studies reported prevalence of heart failure in patients with
OSA from 6.8 to 22.0% (Fig. 3). The different study popula-
tion may explain varied prevalence rates among countries.
The study from Romania enrolled patients with 34.2% of
coronary artery disease. Additionally, only 76 patients (6%)
had normal weight, while the others were overweight or
obese. These two factors may result in high prevalence of
heart failure in this study. Another implication is that it may
take quite a long period of time to develop heart failure in
patients with OSA. Note that not all countries evaluated the
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Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Diagnostic method: AHI>10

Chan 1997 1 20 2.5% 0.550[0.315; 0.769] ———
Ferrier 2005 28 53 3.0% 0.528[0.386; 0.667] —i—
Total (95% Cl) 39 73 5.5% 0.534[0.420; 0.645] |
Heterogeneity: Tau? = 0; Chi® = 0.03, df = 1 (P = 0.868); I = 0% :
Diagnostic method: AHI215

Javaheri 1998 41 81 3.1% 0.506[0.393; 0.619] ——
Javaheri 2006 49 100 3.1% 0.490[0.389; 0.592] —.—
Wang 2007 56 218 3.2% 0.257[0.200; 0.320] 5

Macdonald 2008 32 108 3.1% 0.296[0.212; 0.392] -B-

Yumino 2009 56 218 3.2% 0.257[0.200; 0.320] =

Khayat 2009 226 395 3.3% 0.572[0.522; 0.622] : -
Dolliner 2013 88 176 3.2% 0.500 [0.424; 0.576] =
Javaheri 2016 102 174 3.2% 0.586 [0.509; 0.660] I
Arzt 2017 452 1557  3.3% 0.290 [0.268; 0.314] :

Hjalm 2018 7 121 27% 0.058[0.024; 0.116] & :

Tamisier 2019 94 183 3.2% 0.514[0.439; 0.588] -
Huang 2020 189 382 3.3% 0.495[0.444; 0.546] : -

Total (95% Cl) 1392 3713 37.9% 0.385[0.282; 0.499] e
Heterogeneity: Tau® = 0.64; Chi? = 261.14, df = 11 (P < 0.001); 1> = 95.8% :
Diagnostic method: AHI>15 :

Tremel 1999 7 34 2.6% 0.206[0.087; 0.379] —l—
Diagnostic method: AHI210 :

Sin 2003 121 301 3.3% 0.402 [0.346; 0.460] R

Paulino 2009 178 316 3.3% 0.563[0.507; 0.619] i
Total (95% Cl) 299 617 6.5% 0.482[0.330; 0.638] —~a—
Heterogeneity: Tau? = 0.20; Chi? = 15.92, df = 1 (P < 0.001); 1> = 93.7% :

Diagnostic method: AHI>5 :

Roebuck 2004 22 78 3.0% 0.282[0.186; 0.395] —|—

Vazir 2007 8 55 27% 0.145[0.065;0.267] - —

Oldenburg 2007 253 700 3.3% 0.361[0.326; 0.398] -

Padeletti 2009 0 29 0.8% 0.000[0.000;0.119] ®—

Oldenburg 2009 24 105 3.1% 0.229[0.152; 0.321] B

Gupta 2020 16 25 2.6% 0.640[0.425; 0.820] — i —
Total (95% Cl) 323 992 15.5% 0.272[0.146; 0.450] i
Heterogeneity: Tau? = 0.76; Chi? = 31.2, df = 5 (P < 0.001); I> = 84% :

Diagnostic method: AHI25 :

Bitter 2009 97 244 3.2% 0.398[0.336; 0.462] . =
Herrscher 2011 62 115 3.2% 0.539[0.444; 0.632] i
Ding 2011 42 260 3.2% 0.162[0.119; 0.212] = :

Damy 2012 238 384 3.3% 0.620[0.569; 0.669] : R 3
Donovan 2016 66 98 3.1% 0.673[0.571;0.765] : ——
Alvi 2018 143 1124 3.3% 0.127[0.108; 0.148]

Suda 2018 28 105 3.1% 0.267[0.185; 0.362] -

Lombardi 2018 164 370 3.3% 0.443[0.392; 0.495] Rt

Kishan 2021 61 103 3.1% 0.592[0.491; 0.688] : —a—
Wang 2022 118 248 3.2% 0.476[0.412; 0.540] -l

Total (95% Cl) 1019 3051 32.0% 0.410 [0.285; 0.549] i
Heterogeneity: Tau? = 0.79; Chi’ = 474.07, df = 9 (P < 0.001); 1= 98.1% :

Total (95% Cl) 3079 8480 100.0% 0.384[0.319; 0.452] -
Heterogeneity: Tau? = 0.63; Chi? = 829.19, df = 32 (P < 0.001); 1> = 96.1% ! I ! ! ! !
Test for subgroup differences: Chi® = 13.37, df = 5 (P = 0.020) 0 02 04 06 038 1

Fig.2 Meta-analysis of the prevalence of obstructive sleep apnea in patients with heart failure by diagnostic criteria
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Study or

Subgroup Events Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Region: Asia :

Chan 1997 11 20 2.5% 0.550[0.315;0.769] ———
Ding 2011 42 260 3.2% 0.162[0.119;0.212] . 3 :

Suda 2018 28 105 3.1% 0.267 [0.185; 0.362] B

Huang 2020 189 382 3.3% 0.495[0.444; 0.546] . 3
Gupta 2020 16 25 2.6% 0.640 [0.425;0.820] P——
Kishan 2021 61 103 3.1% 0.592[0.491; 0.688] P -
Wang 2022 118 248 3.2% 0.476 [0.412; 0.540] -

Total (95% CI) 465 1143 21.1% 0.434 [0.295; 0.583] .
Heterogeneity: Tau? = 0.59; Chi? = 101.18, df = 6 (P < 0.001); I> = 94.1% :

Region: North America

Javaheri 1998 41 81 3.1% 0.506[0.393;0.619] ——

Sin 2003 121 301 3.3% 0.402 [0.346; 0.460] =

Javaheri 2006 49 100 3.1% 0.490 [0.389; 0.592] ——
Wang 2007 56 218 3.2% 0.257 [0.200; 0.320] =

Macdonald 2008 32 108 3.1% 0.296[0.212; 0.392] —-

Padeletti 2009 0 29 0.8% 0.000[0.000;0.119] B— :

Yumino 2009 56 218 3.2% 0.257 [0.200; 0.320] 5B

Khayat 2009 226 395 3.3% 0.572[0.522;0.622] LB
Donovan 2016 66 98 3.1% 0.673[0.571;0.765] : —-
Javaheri 2016 102 174 3.2% 0.586 [0.509; 0.660] :

Alvi 2018 143 1124  3.3% 0.127[0.108; 0.148] :

Total (95% CI) 892 2846 32.7% 0.377 [0.261; 0.509] -
Heterogeneity: Tau? = 0.75; Chi? = 415.33, df = 10 (P < 0.001); 12 = 97.6% :

Region: Europe :

Tremel 1999 7 34 26% 0.206[0.087;0.379] —HE—

Vazir 2007 8 55 27% 0.145[0.065;0.267] —HB—

Oldenburg 2007 253 700 3.3% 0.361[0.326; 0.398] B

Oldenburg 2009 24 105 3.1% 0.229[0.152; 0.321] =

Bitter 2009 97 244 3.2% 0.398[0.336; 0.462] N

Paulino 2009 178 316 3.3% 0.563 [0.507; 0.619] i
Herrscher 2011 62 115 3.2% 0.539[0.444; 0.632] P
Damy 2012 238 384 3.3% 0.620[0.569; 0.669] ; =
Dolliner 2013 88 176 3.2% 0.500 [0.424; 0.576] -

Arzt 2017 452 1557  3.3% 0.290 [0.268; 0.314] ;

Hjalm 2018 7 121  2.7% 0.058[0.024;0.116] H&- :

Lombardi 2018 164 370 3.3% 0.443[0.392; 0.495] 3
Tamisier 2019 94 183 3.2% 0.514[0.439; 0.588] B
Total (95% CI) 1672 4360 40.3% 0.357 [0.256; 0.474] -
Heterogeneity: Tau? = 0.74; Chi? = 282.59, df = 12 (P < 0.001); I? = 95.8% :

Region: Oceania :

Roebuck 2004 22 78 3.0% 0.282[0.186; 0.395] ——

Ferrier 2005 28 53 3.0% 0.528[0.386;0.667] ——
Total (95% CI) 50 131 6.0% 0.397 [0.191; 0.648] —~—i—
Heterogeneity: Tau? = 0.48; Chi® = 7.89, df = 1 (P = 0.005); I = 87.3% :

Total (95% CI) 3079 8480 100.0% 0.384 [0.319; 0.452] >
Heterogeneity: Tau? = 0.63; Chi? = 829.19, df = 32 (P < 0.001); I = 96.1% ! ' ' !
Test for subgroup differences: Chi? = 0.69, df = 3 (P = 0.876) 0 02 04 06 08 1

Fig.3 Meta-analysis of the prevalence of obstructive sleep apnea in patients with heart failure by region
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Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Country: Hong Kong :

Chan 1997 11 20 2.5% 0.550[0.315; 0.769] ——
Country: USA

Javaheri 1998 41 81 3.1% 0.506 [0.393; 0.619] ——
Javaheri 2006 49 100 3.1% 0.490 [0.389; 0.592] ——
Macdonald 2008 32 108 3.1% 0.296 [0.212; 0.392] = =

Padeletti 2009 0 29 0.8% 0.000[0.000;0.119] =— -

Khayat 2009 226 395 3.3% 0.572[0.522;0.622] E
Donovan 2016 66 98 3.1% 0.673[0.571; 0.765) - ——
Javaheri 2016 102 174  3.2% 0.586 [0.509; 0.660] .
Alvi 2018 143 1124 3.3% 0.127[0.108; 0.148] :

Total (95% CI) 659 2109 23.0% 0.402[0.241; 0.588] i
Heterogeneity: Tau? = 1.05; Chi? = 394.86, df = 7 (P <0.001); 12 =98.2% :

Country: France

Tremel 1999 7 34 26% 0.206[0.087;0.379] —M—

Paulino 2009 178 316 3.3% 0.563 [0.507; 0.619] .
Damy 2012 238 384 3.3% 0.620[0.569; 0.669] =
Tamisier 2019 94 183 3.2% 0.514[0.439; 0.588] -
Total (95% CI) 517 917 12.3% 0.487 [0.320; 0.656] e

Heterogeneity: Tau? = 0.46; Chi’ = 21.05, df = 3 (P < 0.001); I = 85.7%

Country: Canada

Sin 2003 121 301 3.3% 0.402[0.346; 0.460] =
Wang 2007 56 218 3.2% 0.257 [0.200; 0.320] -
Yumino 2009 56 218 3.2% 0.257 [0.200; 0.320] .
Total (95% Cl) 233 737  9.7% 0.304 [0.218; 0.405] e

Heterogeneity: Tau? = 0.13; Chi’ = 17.12, df = 2 (P < 0.001); I* = 88.3%

Country: Australia :
Roebuck 2004 22 78 3.0% 0.282[0.186; 0.395] ——

Country: New Zealand :

Ferrier 2005 28 53 3.0% 0.528[0.386; 0.667] —l—
Country: UK

Vazir 2007 8 55 27% 0.145[0.065;0.267] ——

Country: Germany :
Oldenburg 2007 253 700 3.3% 0.361[0.326; 0.398] =

Bitter 2009 97 244 3.2% 0.398[0.336; 0.462] S

Arzt 2017 452 1557  3.3% 0.290 [0.268; 0.314] i

Total (95% ClI) 802 2501 9.9% 0.345[0.285; 0.410] >

Heterogeneity: Tau? = 0.05; Chi® = 18.44, df = 2 (P < 0.001); I* = 89.2%

Country: Netherlands

Oldenburg 2009 24 105 3.1% 0.229[0.152; 0.321] -
Country: Norway :
Herrscher 2011 62 115 3.2% 0.539[0.444; 0.632) -
Country: China

Ding 2011 42 260 3.2% 0.162[0.119; 0.212] -

Huang 2020 189 382 3.3% 0.495[0.444; 0.546]

Wang 2022 118 248 3.2% 0.476[0.412; 0.540] g 3

Total (95% CI) 349 890 9.7% 0.359[0.166; 0.611] e
Heterogeneity: Tau? = 0.81; Chi® = 73.52, df = 2 (P < 0.001); I* = 97.3% :

Country: Austria :
Dolliner 2013 88 176 3.2% 0.500 [0.424; 0.576] -

Country: Sweden

Hjalm 2018 7 121 2.7% 0.058[0.024;0.116] &

Country: Japan H

Suda 2018 28 105 3.1% 0.267[0.185; 0.362] -

Country: italy .

Lombardi 2018 164 370 3.3% 0.443[0.392; 0.495] s 3

Country: India

Gupta 2020 16 25 2.6% 0.640[0.425; 0.820] ———
Kishan 2021 61 103 3.1% 0.592[0.491; 0.688] ——

Total (95% CI) 77 128 5.7% 0.601[0.514; 0.683] -
Heterogeneity: Tau® = 0; Chi” = 0.19, df = 1 (P = 0.662); I = 0%

Total (95% CI) 3079 8480 100.0% 0.384 [0.319; 0.452] >

Heterogeneity: Tau? = 0.63; Chi? = 829.19, df = 32 (P < 0.001); I* = 96.1% I | T T T L
Test for subgroup differences: Chi? = 126.63, df = 15 (P < 0.001) 0 02 04 06 08 1

Fig.4 Meta-analysis of the prevalence of obstructive sleep apnea in patients with heart failure by country
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Table 2 Study quality evaluation using the Newcastle-Ottawa Scale of included studies of patients with heart failure to evaluate prevalence of
obstructive sleep apnea

Study Year Study design Selection Comparability (2) Outcome Total (9) Interpretation
process (4) measures (3)

A: Cohort studies

Alvi 2016 Cohort 3 1 3 7 Good
Holtstrand Hjdlm 2018 Longitudinal cohort 3 1 3 7 Good
Tamisier 2019 Prospective cohort 2 1 3 6 Fair
Wang 2007 Prospective 4 1 3 8 Good
B: Case-control study
Gupta 2020 Case-control 1 2 2 5 Poor
.
S
b= 2'.671 r(.e?ords 9.86 re.c<.)rds 2,178 records 77 records
S identified identified identified through . .
h= through PubMed through identified through
S 8 nrous Scopus CINAHL Complete
database ScienceDirect database .
o ) : searching
h= searching searching searching
4
.
L 4
&
= 3,940 records after removing
3 duplicated records
5]
n
» 3,918 records excluded
— L
A\
.
22 of full-text articles for
= eligibility
=
& 4 N
o 9 full-text articles excluded
.| because of diagnosis without

_ polysomnography (4), no heart
failure prevalence (4), complex
sleep apnea (1)

A

N
13 articles included \ /
in qualitative
gl .
7} synthesis
ge]
S
K]
=
-_ A

13 articles included
in quantitative
synthesis

Fig.5 PRISMA flow for evaluating prevalence of heart failure in patients with obstructive sleep apnea
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Table 3 Characteristics of included studies of patients with obstructive sleep apnea (OSA) to evaluate prevalence of heart failure (HF)

Study Year Country Study Design HF total Age, years® OSA Diagnosis HF Diagnosis
Bosanquet 2011 USA Retrospective, descriptive 26 130 53.5 (29-84) AHI>5 NA

Cai 2018 China Prospective cohort 91 383 56.6+11.7 AHI>15 ICD-9

Fan 2019 China Prospective, descriptive 3 403 57.5+10.2 AHI>15 Clinical
Frangopoulos 2020 Cyprus Cross-sectional, analytical 10 92 NA REI>15 Medical history
Mazzotti 2019 USA Prospective cohort 50 1207 66+10.5 AHI>15 NA

Platek 2017 Poland Cross-sectional, analytical 7 48 57.1+10.2 AHI>15 NA

Pleava 2016 Romania Retrospective cohort 310 1370 49.7+10.9 AHI>5 NA

Quintos 2019 USA Cross-sectional, descriptive 126 553 62.1+12.5,589+11.7 AHI>S5 NA

Roche 2003  France Cross-sectional, descriptive 5 66 54.5+10.7 AHI>10 NA

Sharma 2017 USA Cross-sectional, descriptive 101 458 60.7+15.2 AHI>5/0DI>5 NA

Sweed 2019 Egypt Retrospective, descriptive 29 244 56.92+12.36 AHI>5 NA
Tafelmeier 2021 Germany Prospective observational 13 59 674+84 AHI>15 NA

Tang 2021 China Retrospective cohort 29 237  60.6+9.5 unknown AHI NA

NA not applicable, PSG polysomnography, AHI apnea-hypopnea index, ODI oxygen desaturation index, NYHA New York Heart Association
classification

“Indicated mean + SD or median (interquartile range)

Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Diagnostic method: AHI210 :

Roche 2003 5 66 6.6% 0.076[0.025;0.168] -

Diagnostic method: AHI215 §

Cai 2018 91 383 8.3% 0.238[0.196; 0.283] ;i

Fan 2019 3 403 5.9% 0.007[0.002; 0.022] :

Mazzotti 2019 50 1207 8.2% 0.041[0.031; 0.054] §

Tafelmeier 2021 13 59 7.5% 0.220[0.123;0.347] ——

Total (95% CI) 157 2052 29.9% 0.071[0.014; 0.292] <@——

Heterogeneity: Tau? = 2.84; Chi? = 141.11, df = 3 (P < 0.001); I* = 97.9%

Diagnostic method: AHI25

Bosanquet 2011 26 130 8.0% 0.200 [0.135; 0.279] -
Pleava 2016 310 1370  8.4% 0.226 [0.204; 0.249] :
Platek 2017 7 48 7.0% 0.146[0.061;0.278] ——
Quintos 2019 126 553 8.3% 0.228[0.194; 0.265] |
Sweed 2019 29 244 80% 0.119[0.081;0.166]

Total (95% CI) 498 2345 39.7% 0.188 [0.145; 0.241] &

Heterogeneity: Tau? = 0.09; Chi? = 15.9, df = 4 (P = 0.003); I* = 74.8%

Diagnostic method: AHI25/0DI25 :
Sharma 2017 101 458 8.3% 0.221[0.183;0.261] i

Diagnostic method: PSG (unknown AHI)

Tang 2021 29 237 8.0% 0.122[0.084; 0.171] l

Diagnostic method: REI215

Frangopoulos 2020 10 92 7.4% 0.109[0.053; 0.191]

Total (95% Cl) 800 5250 100.0% 0.128 [0.081; 0.195] S

Heterogeneity: Tau? = 0.78; Chi® = 221.74, df = 12 (P < 0.001); I = 94.6% I I f I I I
Test for subgroup differences: Chi’ = 19.49, df = 5 (P = 0.002) 0 02 04 06 038 1

Fig.6 Meta-analysis of the prevalence of heart failure in patients with obstructive sleep apnea by diagnostic criteria of OSA.

@ Springer



Heart Failure Reviews (2024) 29:811-826 821
Study or
Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Region: Europe :
Roche 2003 5 66 6.6% 0.076[0.025;0.168]
Pleava 2016 310 1370 8.4% 0.226 [0.204; 0.249) |
Platek 2017 7 48 7.0% 0.146[0.061;0.278] —#—
Frangopoulos 2020 10 92 7.4% 0.109[0.053;0.191] -
Tafelmeier 2021 13 59  7.5% 0.220[0.123; 0.347] ——
Total (95% Cl) 345 1635 36.9% 0.158 [0.105; 0.231] >
Heterogeneity: Tau? = 0.19; Chi? = 14.94, df = 4 (P = 0.005); I = 73.2% 1
Region: North America ;
Bosanquet 2011 26 130 8.0% 0.200[0.135; 0.279] -
Sharma 2017 101 458 8.3% 0.221[0.183; 0.261] N |
Quintos 2019 126 553 8.3% 0.228[0.194; 0.265] B |
Mazzotti 2019 50 1207 8.2% 0.041[0.031;0.054] B :
Total (95% Cl) 303 2348 32.8% 0.148 [0.065; 0.302] @
Heterogeneity: Tau’ = 0.84; Chi’ = 137.68, df = 3 (P < 0.001); I = 97.8% :
Region: Asia :
Cai 2018 91 383 8.3% 0.238[0.196; 0.283] R
Fan 2019 3 403 5.9% 0.007 [0.002; 0.022] :
Tang 2021 29 237 8.0% 0.122[0.084;0.171] &
Total (95% Cl) 123 1023 22.2% 0.068 [0.008; 0.389] ~<——
Heterogeneity: Tau? = 3.53; Chi’ = 47.64, df = 2 (P < 0.001); I = 95.8% §
Region: Africa ;
Sweed 2019 29 244 8.0% 0.119[0.081;0.166] &
Total (95% Cl) 800 5250 100.0% 0.128 [0.081; 0.195] @
Heterogeneity: Tau? = 0.78; Chi® = 221.74, df = 12 (P < 0.001); 1> = 94.6% I | I J I I
Test for subgroup differences: Chi = 1.63, df = 3 (P = 0.653) 0 02 04 06 038 1

Fig. 7 Meta-analysis of the prevalence of heart failure in patients with obstructive sleep apnea by region
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Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Country: France :

Roche 2003 5 66 6.6% 0.076[0.025;0.168) -M—

Country: USA :

Bosanquet 2011 26 130 8.0% 0.200[0.135; 0.279] -

Sharma 2017 101 458 8.3% 0.221[0.183;0.261] N |

Quintos 2019 126 553 8.3% 0.228[0.194; 0.265] -

Mazzotti 2019 50 1207 8.2% 0.041[0.031;0.054] & :

Total (95% CI) 303 2348 32.8% 0.148 [0.065; 0.302] <<

Heterogeneity: Tau? = 0.84; Chi = 137.68, df = 3 (P < 0.001); I = 97.8%

Country: Romania

Pleava 2016 310 1370 8.4% 0.226 [0.204; 0.249]
Country: Poland
Platek 2017 7 48 7.0% 0.146[0.061;0.278) ——
Country: China
Cai 2018 91 383 8.3% 0.238[0.196; 0.283] -
Fan 2019 3 403 59% 0.007[0.002;0.022] &
Tang 2021 29 237 8.0% 0.122[0.084;0.171] &

Total (95% ClI) 123 1023 22.2% 0.068 [0.008; 0.389] <———
Heterogeneity: Tau? = 3.53; Chi’ = 47.64, df = 2 (P < 0.001); I° = 95.8% :

Country: Egypt

Sweed 2019 29 244 8.0% 0.119[0.081;0.166] .

Country: Cyprus

Frangopoulos 2020 10 92 7.4% 0.109[0.053;0.191] -

Country: Germany

Tafelmeier 2021 13 59 7.5% 0.220[0.123;0.347] —l—

Total (95% ClI) 800 5250 100.0% 0.128 [0.081; 0.195] 0

Heterogeneity: Tau? = 0.78; Chi? = 221.74, df = 12 (P < 0.001); I* = 94.6% ! J ! J ! !
Test for subgroup differences: Chi? = 28.71, df = 7 (P < 0.001) 0 02 04 06 08 1

Fig. 8 Meta-analysis of the prevalence of heart failure in patients with obstructive sleep apnea by country

Table 4 Study quality evaluation using the Newcastle-Ottawa Scale of included studies of patients with obstructive sleep apnea to evaluate prev-
alence of heart failure

Study Year Study design Selection Comparability Outcome Total (9) Interpretation
process (4) 2) measures (3)

A: Cohort studies

Cai 2018 Prospective cohort 3 1 2 6 Fair
Mazzotti 2019 Prospective cohort 2 1 3 6 Fair
Pleava 2016 Retrospective cohort 2 1 3 6 Fair
Tafelmeier 2021 Prospective observational 1 1 2 4 Poor
Tang 2021 Retrospective cohort 4 1 3 8 Good
B: Cross-sectional studies

Frangopoulos 2020 Cross-sectional 3 1 3 7 Good
Platek 2017 Cross-sectional 3 1 3 7 Good
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Fig.9 Funnel of the prevalence of obstructive sleep apnea in patients
with heart failure

associations of OSA and heart failure. Further studies and
possible explanations of different prevalence rates of both
diseases are needed.

This meta-analysis reported on large sample sizes in
both aspects. However, there are some limitations. First,
the risk factors of heart failure in patients with OSA were
not studied as well as the risk factors of OSA in patients
with heart failure. This study did not evaluate the asso-
ciation between these two diseases. Second, no interven-
tion or CPAP therapy was assessed [74—77]. Third, none
of the prospective studies reported an annual incidence.
Therefore, pooled incidence rates were not calculated.
Finally, diagnostic criteria for OSA or heart failure were
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Fig. 10 Funnel of the prevalence of heart failure in patients with
obstructive sleep apnea

different among studies. In particular, only one study
showed criteria for heart failure diagnosis in patients
with OSA [78].

Conclusions

The pooled prevalence of OSA in patients with heart fail-
ure was higher than the pooled prevalence of heart fail-
ure in patients with OSA. The pooled prevalence rates of
these associations varied among the diagnostic criteria of
OSA and the different countries where the studies were
undertaken.

Appendix

1. Searching method for PubMed on 26 September 2022

Search  Query

Number

1 sleep apnea, obstructive[MeSH Terms] OR obstruc-
tive sleep apnea[Title/Abstract] OR OSA[Title/
Abstract]

2 “Prevalence*“[Mesh] OR “Incidence‘“[Mesh] OR

“Epidemiology*“[Mesh] OR Prevalence[Title/
Abstract] OR Incidence[Title/Abstract] OR
Epidemiolog*[Title/Abstract]

3 “Observational Study*“[Publication Type] OR “Obser-
vational Studies as Topic*“[Mesh] OR “Epidemio-
logic Studies“[Mesh]

4 (#1 AND #2) AND #3

2. Searching method for ScienceDirect on 26 September
2022
Title, abstract, keywords: obstructive sleep apnea
AND (prevalence OR incidence OR epidemiology), fil-
ter: Research articles
3. Searching method for Scopus on 26 September 2022
((TITLE-ABS-KEY (obstructive AND sleep AND
apnea) OR TITLE-ABS-KEY (osa))) AND ((TITLE-
ABS-KEY (prevalence) OR TITLE-ABS-KEY (inci-
dence) OR TITLE-ABS-KEY (epidemiolog*))) AND
((TITLE-ABS-KEY (observational AND study) OR
TITLE-ABS-KEY (case-control AND study) OR
TITLE-ABS-KEY (cross-sectional AND study) OR
TITLE-ABS-KEY (cohort AND study))) AND (LIMIT-
TO ( DOCTYPE, “ar”)) AND (LIMIT-TO (EXACT-
KEYWORD, “Sleep Apnea, Obstructive”’) OR LIMIT-
TO (EXACTKEYWORD, “Prevalence”))
4. Searching method for CINAHL on 26 September 2022
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hypertension. BMC Cardiovasc Disord 21:310. https://doi.org/
lsﬁg‘er Query 10.1186/s12872-021-02119-x
6. Sanlung T, Sawanyawisuth K, Silaruks S et al (2020) Clinical
1 TI obstructive sleep apnea OR AB obstructive characteristics and complications of obstructive sleep apnea in
sleep apnea OR TI osa OR AB osa srinagarind hospital. J Med Assoc Thai 103:36-39
Expanders - Apply equivalent subjects 7. Khamsai S, Kachenchart S, Sawunyavisuth B et al (2021) Preva-
Search modes - Find all my search terms lence and risk factors of obstructive sleep apnea in hypertensive
) TI ( prevalence or incidence or epidemiology ) OR emergency. ] Emerg Trauma Shock 14:104-107. https://doi.org/

AB ( prevalence or incidence or epidemiology )
Expanders - Apply equivalent subjects
Search modes - Find all my search terms
3 TI Observational Study OR AB Observational
Study OR PT Observational Study
Expanders - Apply equivalent subjects
Search modes - Find all my search terms
4 #1 AND #2 AND #3
Expanders - Apply equivalent subjects
Search modes - Find all my search terms
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