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Obstructive sleep apnea syndrome
(OSAS) is a common chronic disor-
der characterized by recurrent episodes
of upper respiratory tract obstruction
and hypoxia during sleep, leading to
the occurrence of loud snoring, breath-
ing interruptions, frequent awakenings
or insomnia, morning fatigue, daytime
sleepiness, attention deficit, and cogni-
tive dysfunction[18]. The diagnosis and
severity of OSAS are usually assessed by
the total number of apnea and hypopnea
episodes per hour of sleep, namely, the
apnea hypopnea index (AHI). This con-
dition is highly prevalent in the general
population, affecting 2%–15% of adults
[7, 20, 21, 23, 44, 56, 57], particularly
those older than 65 years.

Obstructive sleep apnea syndrome is
not only associated with a higher risk
of occupational accidents but also leads
to more cardiovascular diseases such as
cardiac remodeling and dysfunction [7,
41]. Echocardiography is a noninvasive,
low-cost, time-saving and accurate tool
for assessing alterations in cardiac struc-
ture and function, and has been widely
used in the clinic. To date, there have

been some studies exploring the alterna-
tions in echocardiographic parameters
in OSAS patients. However, large-scale
clinical controlled trials on this field are
still lacking, and most of the related re-
search had small sample sizes and used
inconsistent inclusion and exclusion cri-
teria.

Owing to the overall low awareness
of the relationship between OSAS and
left ventricular (LV) dysfunction in clin-
ical management, the aim of the cur-
rent study was to summarize the associ-
ationbetweenOSASandLVfunctionand
structure, in order to provide guidelines
for clinical decision-making.

Methods

Data source, search strategy, and
selection criteria

Electronic databases including PubMed,
Embase, and the Cochrane Library were
searched from database inception to
March 2018 using the following terms:
“ventricular function, left”; “ventricu-
lar dysfunction, left”; “heart failure”;
“echocardiography”; “sleep apnea, ob-
structive”; and “sleep-disordered breath-
ing” (see Supplementary Table S1). In
addition, we also checked the reference
lists of identified reports for other po-
tentially relevant studies. The literature
search and study selection were under-
taken by two reviewers independently.

Any inconsistencies were settled by an-
other researcher. A systematic review
was conducted in accordance with the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).

The following criteria were used
to identify potentially suitable studies:
(1) articles were written fully in En-
glish; (2) enrolled participants were all
adults (older than 18 years); (3) OSAS
was diagnosed by polysomnography and
assessed with the AHI; (4) the study
included a control group; (5) the study
reported at least one of the measures
of LV function or structure; (6) there
was no significant difference in the body
mass index (BMI) of the two groups.

The exclusion criteria were: (1) du-
plicate reports; (2) studies that had not
yet terminated; (3) reviews, case reports,
or animal experiments; (4) central sleep
apnea; (5) OSAS patients with major co-
morbidities such as structural heart dis-
ease, cardiomyopathy, obstructive or re-
strictive lung disease demonstrated on
pulmonary function testing, pulmonary
hypertension, etc.; (6) previous or cur-
rent treatment for OSAS; (7) studies with
hypertension inOSASgroupor incontrol
groupwere excluded in order to avoid the
definite effect of hypertension or antihy-
pertension drugs on cardiac remodeling
(as an exception, one articlewas included
because the blood pressure level and an-
tihypertensive drugs were both matched
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758 relevant studies found using MeSH terms in PubMed, Embase and Cochrane

324 studies retrieved for more detailed assessment

189 studies potentially appropriate for analysis

17 studies finally included in the main analysis

170 removed owing to duplication
264 of reviews, case reports, animal experiments, or
studies with child participants excluded

assessed by title and abstract

Inclusion criteria:
(1) articles were written fully in English;
(2) enrolled participants were all adults;
(3) OSAS was diagnosecl by polysomnography and
assessed by apnea-hypopnea index;
(4) the study included a control group;
(5) the study reported at least one of the measures of
left cardiac function or remodeling;
(6) BMI of OSAS and control group not significantly different.

Other exclusion criteria:
(1 ) OSAS patients with major comorbidities;
(2) central sleep apnea
(3) previous or current treatment for OSA.

Fig. 18 Study selection.BMI bodymass index,OSASobstructive sleep apnea syndrome

between the control group and OSAS
group).

Data extraction and synthesis

Two independent readers screened and
extracted data from eligible articles. The
following data were extracted from the
relevant studies: first author, year of pub-
lication, country, numberofparticipants,
mean age, BMI, mean AHI, OSAS diag-
nostic criteria, and LV morphology and
function parameters. The main echocar-
diographic parameters included early di-
astolic peak flow velocity (E), late dias-
tolic peak flow velocity (A), deceleration

time of E wave (DT), early myocardial
Doppler peak velocity (Em), late myocar-
dial Doppler peak velocity (Am), LVdias-
tolic diameter (LVEDD), LV systolic di-
ameter (LVESD), ejection fraction (EF),
isovolumetric relaxationtime(IVRT), in-
terventricular septum diameter (IWD),
posterior wall diameter (PWD), LVmass
(LVM), LVmass index (LVMI), left atrial
diameter (LAD), left atrial diameter vol-
ume index (LAVI).

Statistical analysis

Several studies stratified patients on the
basis of OSAS severity (mild, moderate,

or severe) and reported the grouped LV
function data within each stratum. The
two formulae presented here were used
to combine subgroups and calculate the
overall means and standard deviations.
However, in the subgroup analysis, each
stratumwas considered as a separate sub-
study.

The equations are listed in Supple-
mentary Table S2.

Cochran’s χ2 test and the I2 statistic
were applied to estimate the percent-
age of variability across studies due
to between-study heterogeneity. Het-
erogeneity was considered statistically
significant at p< 0.10 and I2> 50%. The
weighted mean difference (WMD) with
95% confidence intervals (CIs) was
calculated using a fixed-effects model
if I2< 50% and using a random-effects
model if I2 > 50%. Fisher’s z test was used
to determine the statistical significance
of the pooled WMDs. We conducted
sensitivity analyses or subgroup analy-
sis if I2> 50%. Egger’s test and Begg’s
test were used to examine the presence
of publication bias. All analyses were
performed using the statistical package
Stata, version 14.0 (StataCorp., College
Station, TX, USA). The quality of the
enrolled studies was evaluated by two
independent reviewers according to the
Newcastle–Ottawa Scale ranging from 0
to 8.

Results

Search results

Afterastrict screening, 739citationswere
removed according to the inclusion and
exclusion criteria described earlier, and
a total of 17 studies with 747 OSAS pa-
tients and 426 control participants were
included in the final meta-analysis (see
. Fig. 1).

Characteristics of studies

Thepublication years of the eligible stud-
ies ranged from 2005 to 2016. The ma-
jority of the studies (nine studies, 52.9%)
were conducted in Turkey; two stud-
ies were conducted in China, two were
conducted in Spain, two were con-
ducted in South Korea, one study was
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Abstract
Background. Obstructive sleep apnea
syndrome (OSAS) is associatedwith cardiovas-
cular mortality and morbidity. Several studies
have reported that it affects the left ventricle;
however, large randomized controlled trials
are lacking. The current study aimed to
summarize the association betweenOSAS and
left ventricular (LV) structure and function.
Methods. Electronic databases (PubMed,
Embase, and Cochrane) and references
were searched for articles published until
March 2018. A systematic review and meta-
analysis were performed to assess LV structure
and function in OSAS patients based on
echocardiography.

Results. In total, 17 studies with 747 OSAS
patients and 426 control participants were
included. Patients withOSAS showed an incre-
ase in LV diastolic diameter (weighted mean
difference [WMD], 95% CI: 1.24 [0.68, 1.80];
p< 0.001), LV systolic diameter (WMD, 95%
CI: 1.14 [0.47, 1.81]; p= 0.001), and LV mass
(WMD, 95% CI: 35.34 [20.67, 50.00]; p< 0.001).
In addition, left ventricular ejection fraction
(LVEF) significantly decreased in the OSAS
group compared with the controls (WMD,
95% CIs: –1.82 [–2.76, –0.87]; p< 0.001), and
the reduction in LVEF was consistent with the
severity of OSAS. The OSAS group also showed
an increase in left atrial diameter (WMD, 95%

CI: 2.13 [1.48, 2.77]; p< 0.001) and left atrial
diameter volume index (WMD, 95% CIs: 3.96
[3.32, 4.61]; p< 0.001).
Conclusion. Obstructive sleep apnea
syndrome leads to atrial dilatation, left
ventricular hypertrophy, enlargement, mass
increase and reduction of systolic function.
Treatments for OSAS might be beneficial for
the preservation of left cardiac structure and
function.

Keywords
Left ventricular hypertrophy · Cardiac
remodeling · Left ventricular ejection fraction ·
Hypoxia · Echocardiography

Remodeling und Dysfunktion linksventrikulär bei obstruktiver Schlafapnoe. Systematische
Übersichtsarbeit undMetaanalyse

Zusammenfassung
Hintergrund. Das obstruktive Schlafapnoe-
syndrom (OSAS) geht mit kardiovaskulärer
Mortalität und Morbidität einher. Im Rahmen
verschiedener Studien wurde berichtet, dass
es sich auf den linken Ventrikel auswirkt;
allerdings fehlen bisher große randomisierte
kontrollierte Studien. Die aktuelle Studie zielte
darauf ab, eine zusammenfassende Übersicht
über den Zusammenhang zwischen OSAS und
linksventrikulärer Struktur und Funktion zu
geben.
Methoden. Elektronische Datenbanken
(PubMed, Embase und Cochrane) sowie Litera-
turangaben wurden nach Artikeln durchsucht,
die bis März 2018 publiziert worden waren.
Dann wurden eine systematische Übersicht
und eine Metaanalyse erstellt, um die LV-
Struktur und Funktion bei Patientenmit OSAS

auf der Grundlage der Echokardiographie zu
untersuchen.
Ergebnisse. Insgesamt wurden 17 Studienmit
747 OSAS-Patienten und 426 Kontrollen in
die Studie einbezogen. Patientenmit OSAS
zeigten einen Anstieg des diastolischen
Durchmessers des LV (gewichtetemittlere
Differenz, WMD: 1,24; 95%-KI, 95%-KI:
0,68–1,80; p< 0,001), des systolischen
Durchmessers des LV (WMD: 1,14; 95%-
KI: 0,47–1,81; p= 0,001) und der LV-Masse
(WMD: 35,34; 95%-KI: 20,67–50,00; p< 0,001).
Außerdem nahm die linksventrikuläre
Ejektionsfraktion (LVEF) signifikant in der
OSAS-Gruppe im Vergleich zu den Kontrollen
ab (WMD: –1,82; 95%-KI: –2,76 bis –0,87;
p< 0,001), und die Abnahme der LVEF stand in
Übereinstimmungmit dem Schweregrad des

OSAS. In der OSAS-Gruppe zeigte sich auch ein
Anstieg des linksatrialenDurchmessers (WMD:
2,13; 95%-KI: 1,48–2,77; p< 0,001) und des
Volumenindex des linksatrialenDurchmessers
(WMD: 3,96; 95%-KI: 3,32–4,61; p< 0,001).
Schlussfolgerung. Ein obstruktives Schlafap-
noesyndrom führt zur Vorhofdilatation,
linksventrikulären Hypertrophie, Vergröße-
rung, Massenzunahme und Abnahme der
systolischen Funktion. Die Behandlung eines
OSAS könnte sich günstig auf den Erhalt der
Linksherzstruktur und -funktion auswirken.

Schlüsselwörter
Linksventrikuläre Hypertrophie · Kardiales Re-
modeling · Linksventrikuläre Ejektionsfraktion ·
Hypoxie · Echokardiographie

conducted in the United States, and
one in Italy. In all studies, OSAS was
diagnosed and assessed by polysomnog-
raphy: The control group was defined
as having AHI< 5 events/h, while mild,
moderate, and severe OSAS were rated
as, respectively, 5≤AHI< 15 events/h,
15≤AHI< 30 events/h, and AHI≥ 30
events/h. For the assessment of left
atrial (LA) remodeling, seven studies
(41.2%) used LAD and four studies
(23.5%) used LAVI. For the assessment

of LV remodeling, 13 studies (76.4%)
used LVEDD, 11 studies (64.7%) used
LVESD, and six studies (35.3%) used
LVM. For the assessment of LV func-
tion, 15 studies (88.2%) used LVEF. The
main characteristics of the studies in this
systematic review are listed in . Table 1
and the quality of included studies are
listed in Supplementary Table S3.

Meta-analysis

. Table 2 summarizes the data for all the
parameters of LA structure, LV struc-
ture, and LV function determined by the
meta-analysis. Heterogeneity was obvi-
ous in the assessment of several param-
eters, which was speculated as a result
of the inconsistent degree of severity of
OSAS, varied ages of participants, BMI,
geographical location, and duration of
OSAS.

728 Herz 8 · 2020

https://doi.org/10.1007/s00059-019-04850-w


Ta
bl
e
1

Ch
ar
ac
te
ris
tic
so

ft
he

in
cl
ud

ed
st
ud

ie
s

St
ud

y
Ye
ar

of
pu

bl
ic
at
io
n

Co
un

tr
y

N
um

be
ro

f
pa

rt
ic
ip
an

ts
M
ea
n
(S
D
)

ag
e
(y
ea
r)

BM
I

O
SA

S
di
ag

no
st
ic

cr
it
er
ia

M
ea
n
(S
D
)

A
H
I

LA
re
m
od

el
in
g

an
d
dy

sf
un

ct
io
n

m
ea
su
re
s

LV
re
m
od

el
in
g
an

d
dy

sf
un

ct
io
n

m
ea
su
re
s

Ka
si
kc
io
gl
u

et
al
.[
27
]

20
05

Tu
rk
ey

Co
nt
ro
l(
14
)

51
.8
(1
2.
9)

27
.9
(2
.5
)

PS
G
:A
H
I<

5
ev
en
ts
/h

1.
7
(1
.1
)

N
/A

LV
M
,L
VM

I,
PW

D,
IV
Sd
,E
,A
,E
/A
,D
T,

D
Tc
,D
T m

,D
T m

c,
E m
,A

m
,S

m
,E

m
/A

m
O
SA

S
(1
4)

49
.7
(1
1.
6)

28
.7
(2
.9
)

PS
G
:A
H
I≥

15
ev
en
ts
/h

32
.9
(7
.1
)

O
zk
ec
ec
i

et
al
.[
37
]

20
16

Tu
rk
ey

Co
nt
ro
l(
30
)

46
.4
(1
4)

29
.3
(4
.8
)

PS
G
:A
H
I≤

5
ev
en
ts
/h

1
(1
–4
)

N
/A

LV
ED

D,
LV
ES
D,
Le
ft
Te
ii
nd

ex
,L
VE
F

O
SA

S
(6
0)

49
.6
(1
1.
7)

31
.6
(5
.8
)

PS
G
:A
H
I≥

5
ev
en
ts
/h

24
.5
(6
–9
8)

A
lte

ki
n
et
al
.

[2
]

20
12

Tu
rk
ey

Co
nt
ro
l(
21
)

45
.3
8
(4
.5
88
)

26
.3
5
(4
.1
4)

N
/A

N
/A

N
/A

EF
,D

VI
,S
VI
,I
VS
D,
PW

D,
LV
M
,L
AV

I,
E/
A
,

M
PI
,D
T,
E/
E′

M
ild

(2
0)

46
.9
5
(6
.4
68
)

28
.6
8
(3
.4
4)

5
≤
A
H
I<

15
ev
en
ts
/h

10
.7
3
(2
.5
7)

N
/A

M
od

er
at
e
(1
9)

46
.7
9
(5
.0
29
)

29
.0
5
(2
.2
6)

15
≤
A
H
I<

30
ev
en
ts
/h

20
.5
2
(2
.6
)

N
/A

Se
ve
re
(1
9)

46
.6
8
(7
.6
60
)

29
.8
0
(2
.3
8)

A
H
I≥

30
ev
en
ts
/h

58
.1
(1
6.
27
)

N
/A

Su
n
et
al
.

[4
5]

20
14

Ch
in
a

Co
nt
ro
l(
50
)

62
.2
(1
0.
8)

29
.6
6
(4
.2
2)

PS
G
:A
H
I<

5
ev
en
ts
/h

RD
I:
26

(1
9)

LA
D

LV
ED

D,
IV
SD

,L
VP

W
,L
VM

,L
VM

I,

O
SA

S
(1
36
)

63
.3
(1
0.
6)

30
.9
4
(4
.1
5)

PS
G
:A
H
I≥

5
ev
en
ts
/h

RD
I:
14

(6
)

Ta
nr
iv
er
di

et
al
.[
46
]

20
06

Tu
rk
ey

Co
nt
ro
l(
24
)

51
.9
(5
.2
)

29
.4
(3
.9
)

PS
G
:A
H
I<

5
ev
en
ts
/h

3
(1
.5
)

N
/A

IV
SD

,P
W
D,
LV
ED

D,
LV
ES
D,
LV
M
I,
LV
EF
,

pe
ak
E/
A
,E

m
/A

m
O
SA

S
(4
0)

51
.3
(9
)

29
.8
(5
.3
)

AH
I≥

5
ev
en
ts
/h

25
.3
(1
1.
4)

N
/A

Ki
m
et
al
.

[2
8]

20
12

So
ut
h

Ko
re
a

Co
nt
ro
l(
24
)

48
.4
2
(7
.4
5)

27
.4
5
(2
.4
1)

PS
G
:A
H
I<

5
ev
en
ts
/h

2.
94

(1
.4
4)

LA
D
LA
VI

IV
SD

,P
W
TD

,L
VM

I,
RW

T,
LV
ED

D,
LV
ES
D,
LV
EF
,L
VF
S

O
SA

S
(2
5)

43
.4
8
(1
1.
32
)

28
.1
(3
.1
)

AH
I≥

5
ev
en
ts
/h

19
.6
6
(1
1.
64
)

D
ur
su
no

gl
u

et
al
.[
17
]

20
05

Tu
rk
ey

Co
nt
ro
l(
20
)

43
.5
(6
)

29
.3
(2
.4
)

PS
G
:A
H
I<

5
ev
en
ts
/h

5.
2
(2
.8
)

LA
D

IV
SD

,P
W
D,
LV
ED

D,
LV
ES
D,
E/
A
,D
T,

IV
RT
,L
VE
F,
M
PI

M
ild

(1
1)

46
.0
(5
.6
)

30
.4
(4
.0
)

5
≤
A
H
I<

15
ev
en
ts
/h

25
.3
(2
.6
)

M
od

er
at
e
to
se
ve
re

(1
8)

46
.5
(4
.9
)

30
.6
(4
)

A
H
I≥

15
ev
en
ts
/h

50
.1
(1
1.
6)

Ch
o
et
al
.

[1
3]

20
12

So
ut
h

Ko
re
a

Co
nt
ro
l(
20
)

47
.2
(7
.1
)

27
.9
(1
.7
)

PS
G
:A
H
I<

5
ev
en
ts
/h

2.
93

(1
.4
4)

LA
D

LV
ED

D,
LV
ES
D,
IV
ST
D,
PW

TD
,R
W
T,

LV
M
I

O
SA

S
(2
5)

43
.5
(1
1.
3)

28
.0
(3
.4
)

AH
I≥

5
ev
en
ts
/h

19
.7
(1
1.
6)

Va
ro
le
ta
l.

[5
0]

20
10

Tu
rk
ey

Co
nt
ro
l(
18
)

44
.8
(1
1.
6)

29
.2
(4
.8
)

PS
G
:A
H
I<

5
ev
en
ts
/h

2.
1
(1
.6
)

LA
D

IV
SD

,L
VP

W
D,
LV
ED

D,
LV
ES
D,
LV
M
,

LV
M
I,
D
T,
E/
A
,I
VR

T,
LV
EF
,M

PI
M
ild

to
m
od

er
at
e
(2
5)

51
.2
(8
.7
)

29
.9
(4
.3
)

5
≤
A
H
I≤

30
ev
en
ts
/h

15
.8
(7
.4
)

Se
ve
re
(2
1)

48
.9
(9
.3
)

32
.2
(3
.6
)

A
H
I>

30
ev
en
ts
/h

60
.7
(2
4.
5)

W
an
g
et
al
.

[5
3]

20
16

Ch
in
a

Co
nt
ro
l(
30
)

45
(6
)

25
(4
)

PS
G
:A
H
I<

5
ev
en
ts
/h

2.
7
(1
.2
)

LA
VL
A
EF
LA
VI

LV
ED

D,
LV
ES
D,
LV
EF
,R
W
TD

,L
VM

I,
E,
A
,

E/
A,
E′
,E
/E
′
,D
T,
IV
RT
,L
VR

I
M
ild

(2
6)

48
(8
)

26
(4
)

5
≤
A
H
I<

15
ev
en
ts
/h

10
.5
(3
.2
)

M
od

er
at
e
(2
9)

45
(8
)

27
(3
)

15
≤
A
H
I<

30
ev
en
ts
/h

18
.7
(5
.6
)

Se
ve
re
(2
3)

46
(6
)

27
(4
)

A
H
I≥

30
ev
en
ts
/h

57
.2
(2
.6
)

Vi
ta
re
lli
et
al
.

[5
1]

20
13

Ita
ly

Co
nt
ro
l(
35
)

45
.1
(1
2.
2)

26
.8
(4
.3
)

PS
G
:A
H
I<

5
ev
en
ts
/h

3.
8
(1
.1
)

N
/A

LV
EF
,L
VM

I,
IV
RT
,D
T,
M
PI
,E
/A

M
ild

(1
9)

48
.3
(8
.2
)

27
.5
(5
.4
)

5
≤
A
H
I<

30
ev
en
ts
/h

15
.4
(2
.2
)

N
/A

Se
ve
re
(2
3)

47
.4
(8
.1
)

28
.3
(6
.5
)

A
H
I≥

30
ev
en
ts
/h

59
.4
(9
.3
)

N
/A

Herz 8 · 2020 729



Review articles
Ta
bl
e
1

(C
on

tin
ue
d)

St
ud

y
Ye
ar

of
pu

bl
ic
at
io
n

Co
un

tr
y

N
um

be
ro

f
pa

rt
ic
ip
an

ts
M
ea
n
(S
D
)

ag
e
(y
ea
r)

BM
I

O
SA

S
di
ag

no
st
ic

cr
it
er
ia

M
ea
n
(S
D
)

A
H
I

LA
re
m
od

el
in
g

an
d
dy

sf
un

ct
io
n

m
ea
su
re
s

LV
re
m
od

el
in
g
an

d
dy

sf
un

ct
io
n

m
ea
su
re
s

A
ria
se

ta
l.

[5
]

20
05

Sp
ai
n

Co
nt
ro
l(
15
)

48
(9
)

28
.7
(4
.7
)

PS
G
:A
H
I<

5
ev
en
ts
/h

3.
9
(3
.3
)

LA
D

E,
A,
E/
A,
D
T,
IV
RT
,L
VE
SD

,L
VE
D
D,
LV
EF
,

IV
SD

,P
W
D,
LV
M
,L
VM

I
O
SA

S
(2
7)

52
(1
3)

30
.5
(4
.0
)

A
H
I≥

10
ev
en
ts
/h

44
.0
(2
7.
5)

A
ria
se

ta
l.

[6
]

20
06

Sp
ai
n

Co
nt
ro
l(
10
)

50
(1
0)

27
.7
(3
)

PS
G
:A
H
I<

5
ev
en
ts
/h

4.
2
(3
.5
)

LA
D

E,
A
,E
/A
,D
T,
LA

D,
LV
ED

D,
LV
ES
D,
LV
SF
,

LV
EF
,I
VS
D,
LV
M
,L
VM

I,
LV
PW

D
O
SA

S
(2
3)

51
(1
3)

30
.9
(4
)

A
H
I≥

10
ev
en
ts
/h

44
.1
(2
9.
3)

A
lti
pa
rm

ak
et
al
.[
3]

20
16

Tu
rk
ey

Co
nt
ro
l(
35
)

43
.0
(6
.4
)

26
.2
(3
.2
)

PS
G
:A
H
I<

5
ev
en
ts
/h

N
/A

LA
VI

LV
ED

D,
LV
ES
D,
D
T,
E′
,E
/A
,E
/E
′
,L
VM

I,

O
SA

S
(3
1)

45
.5
(6
.6
)

26
.7
(2
.1
)

AH
I≥

5
ev
en
ts
/h

45
.4
(2
8.
1)

Ba
lc
ie
ta
l.

[8
]

20
12

Tu
rk
ey

Co
nt
ro
l(
33
)

41
.6
(1
1.
6)

26
.3
(1
.4
)

PS
G
:A
H
I<

5
ev
en
ts
/h

3.
2
(1
.9
)

N
/A

IV
SD

,P
W
D,
LV
ED

D,
LV
ES
D,
E/
A
,D
T,

LV
EF
,M

PI
,L
VM

I,
LV

M
PI

M
ild

to
m
od

er
at
e
(3
0)

42
.5
(1
1.
2)

26
.9
(2
.4
)

5
≤
A
H
I<

30
ev
en
ts
/h

14
.2
(1
4.
6)

N
/A

Se
ve
re
(3
1)

45
.7
(1
0.
3)

27
.3
(2
.3
)

A
H
I≥

30
ev
en
ts
/h

66
.3
(3
9.
9)

N
/A

Ta
vi
le
ta
l.

[4
7]

20
07

Tu
rk
ey

Co
nt
ro
l(
29
)

49
(1
1)

29
(5
)

PS
G
:A
H
I<

5
ev
en
ts
/h

2.
5
(0
.8
)

N
/A

LV
ED

D,
LV
ED

D,
LV
ES
D,
IW

SD
,P
W
D,

LV
EF
,L
VM

I,
E,
A,
E/
A,
IV
RT
,E
′
,A
′
,E
′
/A
′

O
SA

S
(2
9)

48
(1
0)

29
(6
)

AH
I≥

5
ev
en
ts
/h

25
(1
6)

N
/A

O
tt
o
et
al
.

[3
6]

20
07

U
SA

Co
nt
ro
l(
18
)

45
(2
)

32
.3
(0
.9
)

PS
G
:A
H
I<

5
ev
en
ts
/h

2
(0
.4
)

LA
VI

LV
M
I,
EF
,D
T,
IV
RT

O
SA

S
(2
3)

45
(3
)

33
.7
(0
.8
)

A
H
I≥

15
ev
en
ts
/h

50
(7
)

O
SA

S
ob
st
ru
ct
iv
e
sle
ep

ap
ne
a
sy
nd
ro
m
e,
AH

Ia
pn
ea
–h
yp
op
ne
a
in
de
x,
BM

Ib
od
y
m
as
si
nd
ex
,E

ea
rly

di
as
to
lic
pe
ak

flo
w
ve
lo
ci
ty
,A

la
te
di
as
to
lic
pe
ak

flo
w
ve
lo
ci
ty
,D

T
de
ce
le
ra
tio
n
tim

e
of
E
w
av
e,
D
Tc

he
ar
t-r
at
e-

co
rre
ct
ed

DT
;D

T m
Em

-w
av
e
de
ce
le
ra
tio
n
tim

e,
D
T m

c
he
ar
t-r
at
e-
co
rre
ct
ed

DT
m
,E

m
ea
rly

m
yo
ca
rd
ia
lD

op
pl
er
pe
ak

ve
lo
ci
ty
,A

m
la
te
m
yo
ca
rd
ia
lD

op
pl
er
pe
ak

ve
lo
ci
ty
,S

m
pe
ak

ve
lo
ci
ty
of
m
yo
ca
rd
ia
ls
ys
to
lic

w
av
e,

LV
ED

D
le
ft
ve
nt
ric
ul
ar
di
as
to
lic

di
am

et
er
,L
VE

SD
le
ft
ve
nt
ric
ul
ar
sy
st
ol
ic
di
am

et
er
,L
VE

F
LV

ej
ec
tio
n
fra
ct
io
n,
IV
RT

iso
vo
lu
m
et
ric

re
la
xa
tio
n
tim

e,
IW

D
s
in
te
rv
en
tri
cu
la
rs
ep
tu
m

di
am

et
er
,P
SG

po
ly
so
m
no
gr
ap
hy
,

PW
D
po
st
er
io
rw

al
ld
ia
m
et
er
,L
VM

le
ft
ve
nt
ric
ul
ar
m
as
s,
LV
M
Il
ef
tv
en
tri
cu
la
rm

as
si
nd
ex
,N

/A
no
ta
pp
lic
ab
le

Left ventricular structure
The parameters LVEDD, LVESD, and
LVM were used to assess LV structure.

Differences in LVEDD were reported
in13 studies involving563OSASpatients
and 319 control participants. The meta-
analysis showed that the LVEDD in pa-
tientswithOSASwas significantly higher
comparedwith the controls (WMD[95%
CIs]: 1.24 [0.68, 1.80]; p< 0.001; non-
significant heterogeneity; . Fig. 2). In
addition, differences in LVESD were re-
ported in 11 studies involving 396 OSAS
patients and 243 control participants,
which showed that patients with OSAS
also had significantly increased LVESD
comparedwith the controls (WMD[95%
CIs]: 1.14 [0.47, 1.81]; p= 0.001; non-
significant heterogeneity; . Fig. 3). The
subgroup analysis was not performed
owing to the limited number of studies
with OSAS stratification.

Differences in LVM were reported in
six studies involving 304 OSAS patients
and 128 control participants. The meta-
analysis demonstrated that the LVM
(WMD [95% CIs]: 35.34 [20.67, 50.00];
p< 0.001; . Fig. 4) was significantly el-
evated compared with the controls.
However, potential evidence of signif-
icant heterogeneity was detected, and
thus sensitivity analysis was conducted.
After exclusion of each study from the
pooled analysis, the WMDs were always
>0, which confirmed the reliability of
these results (. Fig. 5).

Left ventricular function
Left ventricular ejection fraction was
used to assess LV systolic function and
LV diastolic function. Differences in
LVEFwere reported in 15 studies involv-
ing 710 OSAS patients and 394 control
participants. The LVEF in patients with
OSAS decreased significantly compared
with the controls (WMD [95% CIs]:
–3.01 [–1.90, –0.79]; p< 0.001; . Fig. 6).

Further subgroup analysis indicated
that the reduction inLVEFwas consistent
with the severity of OSAS (. Fig. 7).

Significantheterogeneitywasdetected
in the analysis of LVEF. However, sensi-
tivity analysis showed that after exclusion
of each study from the pooled analysis,
the results were reliable (. Fig. 8).
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Table 2 Results of themeta-analysis comparingOSAS patients and controls
Echocardiographic
parameters

Number of
studies

OSAS/
control

WMD (95%CI) p Study heterogeneity Egger’s
test p

Begg’s
test pI2 (%) χ2 p

LVEDD (mm) 13 563/319 1.24 (0.68, 1.80) <0.001 0.0 9.52 0.658 0.431 0.951

LVESD (mm) 11 396/234 1.14 (0.47, 1.81) 0.001 0.0 7.31 0.696 0.722 1.00

LVM 6 304/128 35.34 (20.67, 50.00) <0.001 79.1 66.05 <0.001 0.914 0.917

LVEF (%) 15 710/394 –3.01 (–1.90, –0.79) 0.001 64.7 39.72 <0.001 0.048 0.038

LAD 7 311/157 2.13 (1.48, 2.77) <0.001 2.2 6.13 0.408 0.072 0.05

LAVI 3 159/69 3.96 (3.32, 4.61) <0.001 0.0 1.62 0.445 0.735 1.000

OSAS obstructive sleep apnea syndrome, LVEDD left ventricular diastolic diameter, LVESD left ventricular systolic diameter, LVM left ventricular mass,
LVMI left ventricular mass index, LVEF LV ejection fraction, E early diastolic peak flow velocity, A late diastolic peak flow velocity, CI confidence interval

Left atrial structure
Theparameters LAD and LAVwere used
to evaluate LA structure.

Differences in LAD were reported in
seven studies involving 311 OSAS pa-
tients and 157 control participants. The
meta-analysis showedthat theLADinpa-
tientswithOSASwas significantly higher
than in the control group (WMD [95%
CIs]: 2.13 [1.48, 2.77]; p< 0.001; non-
significant heterogeneity; . Fig. 9). The
LAVIwasalsocomparedthroughananal-
ysis of four studies comprising 184OSAS
patients and93 control participants. Ow-
ing to apparent heterogeneity, sensitivity
analysiswasconductedandonestudywas
accordingly removed. The three studies
finally selected involving 159 OSAS pa-
tients and 69 control participants showed
that patients with OSAS also had signifi-
cantly increasedLAVI comparedwith the
controls (WMD [95% CIs]: 3.96 [3.32,
4.61]; p< 0.001; nonsignificant hetero-
geneity; . Fig. 10). Neither subgroup
analysis of the LAD nor of the LAVI was
performedbecauseof the limitednumber
of studies with OSAS stratification.

Discussion

Main findings

To our knowledge, this is the first
meta-analysis to systematically evalu-
ate changes in left cardiac structure and
function in OSAS patients. Particularly,
the effect of systemic hypertension was
eliminated in the current analysis by ex-
cluding those studies with hypertensive
patients enrolled, since many ultrasonic
parameters may be affected by hyperten-
sion. Thus, we demonstrate that OSAS

induces cardiac abnormality indepen-
dent of systemic hypertension. Finally,
17 case–control studies were included
in this meta-analysis with a total of 747
patients with OSAS and 426 controls.

We found that alterations in the
echocardiographic parameters of LV and
LA remodeling, including an increase
in LVEDD, LVESD, LVM, LAD, and
LAVI, were important features in OSA
patients without major comorbidities,
which indicated that OSAS resulted in
enlargement and hypertrophy of the left
ventricle and atrium. Moreover, signifi-
cant decreases in LVEF were observed in
OSAS patients. It should be noted that
the alterations in LVEF seemed not to
be remarkable enough to induce obvious
clinical symptoms of LV dysfunction.

In the analysis of LVEF, we found sig-
nificant heterogeneity between studies.
The heterogeneity is to be expected given
the variation in disease severity. How-
ever, subgroup analysis still showed sig-
nificant heterogeneity, which may stem
from the variety of studies conducted by
different teams at various geographic lo-
cations as well as the differences in the
patient populations.

LV remodeling and dysfunction in
OSAS patients

It has been reported that intermittent
hypoxia could induce LV remodeling,
which was regarded as the basis of LV
dysfunction caused by OSAS [15]. Al-
though the negative effect of intermittent
hypoxia on the cardiovascular systemhas
not been completely clarified, multiple
putative mechanisms including sympa-
thetic overactivation, oxidative stress, in-

flammation, metabolic deregulation, and
endothelial dysfunction have been sug-
gested to be involved.

Hypoxemia, hypercapnia, and acido-
sis, induced by chronic intermittent hy-
poxia inOSASpatients, couldactivate the
sympathetic nervous system. Prior stud-
ies showed that patients with metabolic
syndrome and comorbid OSAS have
a higher sympathetic drive than do pa-
tients with metabolic syndrome without
OSAS [22, 49]. Furthermore, Scala
et al. reported a significant correlation
between OSAS and cardiac adrenergic
impairment in patients with heart failure
[43]. The exposure to intermittent hy-
poxia and hypercapnia, elicited byOSAS,
increases muscle sympathetic nerve ac-
tivity (MSNA) acutely during sleep [10],
and the over-activation of the sympa-
thetic nervous system is persistent even
after removal of the hypoxic stimulus [4,
54]. Bradley et al. reported that LV trans-
mural pressurewas increased in response
to the generation of negative intratho-
racic pressure (Pit) and the elevation of
systemic blood pressure secondary to
hypoxia-induced sympathetic nervous
system activation [11]. This results in the
reduction of LV preload and increased
afterload, which can directly affect LV
systolic function [26]. The combination
of increased LF afterload and increased
heart rate (HR) promotes myocardial
oxygen demand, thus brings a higher
risk of cardiac ischemia and arrhythmias,
and chronically contributes to LV hyper-
trophy and failure. It is well known that
the sympathetic nervous system is the
most prominent among neurohormonal
mechanisms in HF, which pushes the
heart to work at an overloaded level,
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Fig. 29 Forest plot of the
differences in left ventric-
ular enddiastolic diame-
ter (LVEDD) between the
patients with obstructive
sleep apnea syndrome and
healthy controls based on
echocardiography.WMD
weightedmean difference

Fig. 39 Forest plot of the
differences in left ventric-
ular end-systolic diame-
ter (LVESD) between the
patients with obstructive
sleep apnea syndrome and
healthy controls based on
echocardiography.WMD
weightedmean difference

and confers significant toxicity to the
failing heart and increasesmorbidity and
mortality in chronic decompensated HF
[32].

In addition, systemic inflammation
triggered by OSAS plays an important
role in intermittent hypoxia-induced LV
remodeling, aswasconfirmedbyelevated
plasma levels of tumor necrosis factor-
alpha (TNF-α) and interleukin-6 (IL-6)

in patients with OSA [34]. Inflamma-
tory response and free radical generation
could cause an imbalance between my-
ocardial oxidation and antioxidant ac-
tivity, result in myocardial injury, and
increase susceptibility to myocardial is-
chemia [19]. The consequent myocardial
ischemia leads to a shortage in ATP pro-
duction, inorganic phosphate accumu-
lation, and myocardial acidosis, which

inhibit excitement–contraction coupling
and cause regional ventricular systolic
dysfunction [40]. Besides, in the case
of OSAS, exposure to intermittent hy-
poxia elevates blood pressure, and thus
may induce functional, mechanical, and
structural changes in the aortic wall in
response to hemodynamic and biome-
chanical stress, whichhasbeenverified in
mice [12]. Hypoxia stimulates the elastic
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Fig. 49 Forest plot of the
differences in left ventric-
ularmass (LVM) between
patients with obstructive
sleep apnea syndrome pa-
tients and healthy controls
based on echocardiogra-
phy.WMDweightedmean
difference

Fig. 58 Sensitivity analyses of left ventricularmass (LVM). CI confidence interval

fiber network with disorganization, frag-
mentation, and estrangement between
the endpoints of disrupted fibers, and
induces collagen and mucoid interlami-
naraccumulation in the extracellularma-
trix as well as LF perivascular fibrosis.
These cardiovascular remodeling events
induced by hypoxia were normalized af-
ter continuous positive airway pressure
(CPAP) treatment.

The hemodynamic changes associ-
ated with obesity might contribute to
the increased LV mass observed in pa-

tients with OSA. Of interest, Parisi et al.
have pointed out that HF patients with
sleep disordered-breathing have higher
epicardial adipose tissue (EAT) thick-
ness values than do HF patients without
nocturnal apneas [39], which indicates
EAT might be a pathophysiological link
between OSAS and increased cardio-
vascular risk [31, 33]. Besides, CPAP
therapy reduces EAT and significantly
ameliorates cardiometabolic parameters
in obese OSAS patients [29]. Moreover,
EAT is a source of several adipocytokines

and directly affects the myocardium
through vasocrine and paracrine mech-
anisms [24]. Exposure to hypoxia leads
to higher production of factor-1a and
Fos-like antigen (FOSL) 2, resulting in
up-regulation of leptin expression in
the EAT, along with increased vascu-
larization, inflammation, and fibrosis
[16]. It has been demonstrated that
EAT thickness has a high correlation
with sympathetic nervous system hy-
peractivity and it is a local source of
catecholamines in HF patients, which
suggests sympathetic nervous system
hyperactivity is a potential pathophysi-
ological link between sleep apneas and
EAT in HF [38].

Overall, increased sympathetic activ-
ity, endothelial dysfunction, systemic
inflammation, oxidative stress, and
metabolic anomalies induced by in-
termittent hypoxia play major roles in
the progression of LV remodeling and
dysfunction.

LA remodeling in OSAS patients

Our analysis revealed a significant in-
crease in LA volume in patients with
OSAS. Left atrial enlargement was con-
sidered to occur owing to elevated LV
pressure and diastolic dysfunction. Sym-
pathetic activation, decreased parasym-
pathetic tone, and inflammation asso-
ciated with intermittent hypoxia might
contribute to atrial structural and elec-
trical remodeling.
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Fig. 69 Forest plot of the
differences in left ventricu-
lar ejection fraction (LVEF)
between patients with ob-
structive sleep apnea syn-
dromeandhealthy controls
based on echocardiogra-
phy.WMDweightedmean
difference

Fig. 79 Forest plot of the
differences in left ventricu-
lar ejection fraction (LVEF)
between patients with ob-
structive sleep apnea syn-
dromeandhealthy controls
based on echocardiogra-
phy (subgroup analysis).
WMDweightedmean dif-
ference
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Fig. 88 Sensitivity analyses of left ventricular ejection fraction (LVEF). CI confidence interval

Fig. 98 Forest plot of the differences in left atrial diameter (LAD) between patients with obstructive sleep apnea syndrome
andhealthy controls based on echocardiography.WMDweightedmean difference
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Fig. 109 Forest plot of
the differences in left atrial
diameter volume index
(LAVI)betweenpatientsob-
structive sleep apnea syn-
dromeandhealthy controls
based on echocardiogra-
phy.WMDweightedmean
difference

It shouldbenoted that recent evidence
has indicated OSAS patients might be
predisposed to the development and re-
currence of atrial fibrillation [48]. The
forcedinspiration-inducedacuteLAdila-
tion related to diastolic dysfunction may
be an important component of the ar-
rhythmogenic substrate for atrial fibril-
lation during sleep apnea episodes [9,
25]. More explorations of treatment for
OSAS, such as CPAP, are expected to al-
ter the anticipated frequency of OSAS-
related cardiac arrhythmias.

RV remodeling and dysfunction in
OSAS patients

The correlation between OSAS and right
ventricular (RV) remodeling and dys-
function has also raised intense inter-
est from researchers, but the conclusions
from various have differed. Yang et al.
found the inner diameters and the an-
terior wall thickness of the RV were in-
creased in patients with severeOSAS and
deteriorated as the disease course pro-
gressed [55]. Vitarelli et al. reported
that RV dilatation and dysfunction were
significantly associatedwithAHI and the
severity and frequency of apnea episodes
[52]. Similarly, several other studies re-
ported thatOSASpatients presentedwith
right cardiac dysfunction [1, 30]. By con-
trast, other studies did not reveal any sig-
nificant changes in RV morphology and
function in OSA patients [14, 17].

Several mechanisms were raised to
illustrate the potential relationship be-

tweenOSAS andRVchanges. Prior stud-
ies suggested that permanent pulmonary
hypertension was an important factor.
Repetitive nocturnal arterial oxygen de-
saturation and hypercapnia lead to pul-
monary vascular endothelium remodel-
ing and vasoconstriction, thus increasing
pulmonary artery pressure [42], leading
to RV overload and inducing the release
of inflammatory factors. As a result, the
compensatory hypertrophic RV gradu-
ally presents with dysfunction. How-
ever, recent studies pointed out that RV
alternations occurred in early stage of
OSAS in the absence of pulmonary hy-
pertension [30, 52], indicating that pul-
monary hypertension was not the only
cause. Some other studies reported the
intrathoracicnegativepressure against an
occluded airway increased venous return
and volume overload, and consequently
expandedandremodeled theRV[1]. An-
other possible mechanism is that inter-
mittent hypoxia and CO2 retention stim-
ulated central and peripheral chemore-
ceptors and increased sympathetic nerve
activity, which induced RV dysfunction.
In addition, LV dysfunction induced by
OSAS may also lead to RV dysfunction,
since there is a close anatomical associ-
ation between the two ventricles [35].

Since the effects of OSAS on the LV
and RVmay be different, we should con-
duct further analyses to uncover the pre-
cise correlation and mechanism between
OSAS and RV remodeling and dysfunc-
tion.

Limitations

The present study was a clinical obser-
vational study. The follow-up time was
not controlled. In our opinion, the dura-
tion of OSAS might be a relevant factor
when assessing the effect ofOSASon car-
diac structure and function, but it is very
difficult to assess the duration of OSAS
owing the rate of missed diagnoses in
the clinic. Besides, this analysis involved
no outcome data such as survival rate
and risk of cardiovascular events during
follow-up. Further research is needed to
clarify the effect of OSAS on the long-
term prognosis of patients. Additional
analysesmay identify the correlation and
precise mechanisms between OSAS and
RV remodeling.

Conclusion

On the basis of this meta-analysis, we
conclude that patients with obstructive
sleep apnea syndrome (OSAS) display
increased left atrial dilatation and left
ventricular (LV) hypertrophy and dilata-
tion, alongwith impaired LV systolic
function. Therefore, more emphasis
should be placed on the clinical signif-
icance of OSAS in cardiovascular risk.
Treatment against OSAS such as con-
tinuous positive airway pressure can
attenuate sleep apnea andmight pre-
vent the decrease in LV ejection fraction
in the long term.
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