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Background. Whether statins can reduce major cardiovascular adverse events (MACE) in patients with coronary artery spasm
(CAS) is controversial. And most of the relevant research to date has been conducted in Asia. Methods. We systematically
searched electronic databases for studies on the effect of statins on MACE in patients with CAS in Asia and published up to
September 2022. We included data on MACE in a statin therapy patient group and a no-statin therapy control group. We then
evaluated the effect of statin therapy on MACE in patients with CAS in Asia by meta-analysis and trial sequential analysis
(TSA). All statistical analyses were performed using Stata 16.0 software and TSA software. Results. A total of 10 studies
(n = 9333 patients) were included in the final analysis. Meta-analysis showed that the use of statins had a significant effect on
MACE in CAS patients (with RR, 0.70; 95% CI, 0.49-0.99), and the sensitivity analysis further confirmed this finding.
Subgroup analysis suggested that the correlation between statin therapy and reduced MACE endpoint was stronger in Japanese
patients and patients followed up for more than 4 years. But our TSA results indicated that the available samples were
insufficient and further research is needed. Conclusions. Our meta-analysis suggests that statin therapy can reduce MACE in
patients with CAS in Asia, and the correlation between the two was stronger in Japanese patients and patients followed up for
more than 4 years.

1. Introduction

Coronary artery spasm (CAS) is known as focal or generalized
vasospasm of coronary arteries and has a higher prevalence in
Asian patients [1]. Although the exact mechanism of CAS has
not been fully determined, some factors such as vascular
inflammation, autonomic nerve dysfunction, vascular smooth
muscle hyperresponsiveness, coronary artery microvascular
dysfunction, and endothelial dysfunction can affect vasospasm
[1]. It can occur in patients with or without atherosclerosis
and influence epicardial coronary arteries or microvascular

systems. CAS is an under-understood factor of acute coronary
syndrome, stable angina pectoris, malignant arrhythmias, and
sudden cardiac death [2].

Although drugs of CAS, including calcium channel
blockers (CCBs) and nitrates, have been shown to be highly
effective in suppressing coronary spasm, some patients are
still at risk of major adverse cardiovascular events (MACE)
[3]. Statins (3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitors) can reduce atherosclerotic vascular events
and are widely used in patients with coronary artery disease
(CAD). There is increasing evidence that statins are related
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not only to lipid-lowering effects and plaque regression but
also to other abilities such as improving endothelial dysfunc-
tion and reducing vascular inflammation [4, 5].

Due to the multiple effects of statins, it is possible that
statins may suppress coronary spasm and reduce adverse
cardiovascular events. However, the effects of statin therapy
on reducing adverse cardiovascular events in CAS have been
inconsistently demonstrated in previous studies [6–11].
Additionally, most of the research to date has been con-
ducted in Asia. Therefore, in this study, we conducted a
meta-analysis to evaluate the effect of statins on MACE in
patients with CAS in Asia.

2. Materials and Methods

2.1. Search Strategy. The meta-analysis was performed in strict
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [12]. The
study protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO—registration
number: CRD42022355491). According to the PRISMA guide-
lines, we systematically searched online databases (PubMed,
Embase, and the Cochrane Library) before September 2022.
The search terms were (atorvastatin OR fluvastatin OR lova-
statin OR pitavastatin OR pravastatin OR rosuvastatin OR
simvastatin OR statin OR statins OR “Hydroxymethylglutaryl-
CoA Reductase Inhibitors”) AND (vasospastic angina OR vari-
ant angina OR spastic angina OR prinzmetal OR coronary
spasm OR coronary vasospasm OR Coronary artery spasm
OR Vasospasm OR “Angina Pectoris, Variant”).

2.2. Inclusion Criteria. Identified studies were enrolled based
on the following inclusion criteria: (1) the study reported
VSA patients in both the statin group and the no-statin
group. (2) The clinical outcomes included major adverse
cardiovascular events (e.g., cardiac death, acute myocardial
infarction, and unstable angina). (3) The study reported a
sample size and the number of endpoint events for a statin
group and a no-statin group. (4) Both cohort studies and
randomized controlled trials (RCTs) were eligible.

2.3. Exclusion Criteria. In the process of literature screening,
studies including the following items are excluded: (1)
experimental animal studies; (2) case-control studies, case
reports, conference abstracts, review papers, editorials, com-
mentaries, and small case series (n < 50); and (3) non-Asia
regional studies or non-English literature.

2.4. Assessment of Study Quality. The quality of each study
was evaluated by the Newcastle-Ottawa scale, which is a
commonly used quality rating standard in cohort studies.
The scoring system consisted of three parts (population
selection, intergroup comparability, and exposure factors).
The results ranged from 0 to 9, and the higher the score,
the better the quality of the methodology.

2.5. Data Extraction. Each of the eligible articles was
extracted by two researchers solely for the following charac-
teristic: first author’s name, year of publication, country,
study population size, age, sex, hypertension, diabetes melli-

tus, dyslipidemia, smoking, and medications used for treat-
ment (aspirin, calcium-channel blocker, nitrate, nicorandil,
β-blockers, angiotensin-converting enzyme inhibitors, and
angiotensin receptor blockers). We also extracted data
regarding follow-up time of patients and MACE (including
cardiac death, myocardial infarction, and unstable angina
pectoris).

2.6. Statistical Analysis. For each study, we pooled the rela-
tive risk (RR) and their 95% confidence intervals (95% CI).
The I2 test and Cochran Q statistics (chi-square test, χ2)
were calculated to assess the heterogeneity. When P < 0:05
or I2 > 50%, it indicated that statistical heterogeneity was
significant in the study. If there was a significant difference
in heterogeneity, the random-effect model would be adopted
to pool the RR value; or else, a fixed-effect model would be
applied. We used the symmetry of a funnel plot to evaluate
possible small sample effects, and Begg’s test, as well as
Egger’s test, was used to evaluate publication bias in the
included studies. Subgroup analysis was also performed
based on country, study population size, and follow-up time.
At the same time, sensitivity analysis was executed to exam-
ine the impact of individual studies on the total merged
effects to assess the reliability of the conclusions. To reduce
the risk of type I error and estimate the required information
size (RIS) needed to achieve a preset power level, we con-
ducted the trial sequential analysis (TSA) with a 5% risk of
a type I error and a power of 80%. All statistical tests were
two-sided, and P < 0:05 was considered as statistically signif-
icant. All statistical analyses were performed using Stata 16.0
software and TSA software.

3. Results

3.1. Description of the Studies. After screening 1653 titles and
abstracts, 43 studies were reviewed for detailed evaluation in
full text, of which 10 adhered to our inclusion criteria and
were selected for this meta-analysis [6–11, 13–16]. The flow-
chart for the inclusion and exclusion process is shown in
further detail in Figure 1. The meta-analysis included 4345
patients in the statin group and 4988 controls in the no-
statin group, and the number of patients in each study
ranged from 231 to 4099. These 10 studies were published
between 2007 and 2022. Three of the studies were examined
by the method of propensity matching. One of the studies
was conducted in the intensive care unit, and one study
was performed in patients with coronary spasm-induced
acute myocardial infarction. The main features and clinical
outcomes of the studies are shown in Tables 1 and 2.

3.2. Risk of Bias Assessment. Of the 10 studies, except for 1
case-control study, 9 were cohort studies, of which 2 were
prospective and 7 retrospective studies. Considering that
there is only one case-control study, all studies were scored
identically using the Newcastle-Ottawa tool. All studies
scored greater than five and were included in the meta-
analysis. A summary of the risk of bias assessments is pre-
sented in Table 3.
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3.3. Outcomes Comparing Statin Therapy with No-
Statin Therapy

3.3.1. Meta-Analysis.Meta-analysis showed that the use of sta-
tins had a significant effect on the incidence of cardiovascular
events in CAS patients (with RR, 0.70; 95% CI, 0.49-0.99).
Among the enrolled studies, significant heterogeneity was
observed (I2 = 50:7%, P = 0:032). As a result, the random-
effect model was used for the analysis of results in the present
study. The forest plot results are shown in Figure 2(a). The
cumulative meta-analysis can show the pattern of evidence
over time and can identify the point when a treatment becomes
clinically significant. As can be seen from Figure 2(b), statins
may have a potential benefit in patients with CAS since 2013.

3.3.2. Detection of Publication Bias and Sensitivity Analysis.
The publication bias included in the included studies may
have affected the results. Therefore, in the included studies,
we used funnel chart, Begg’s test, and Egger’s test to assess
potential publication bias. The funnel chart showed asym-
metry, suggesting publication bias (Figure 3(a)). Egger’s
(P = 0:019) and Begg’s (P = 0:107) tests were used to analyze
the data, and the results showed that there may have obvious
publication bias. We performed a sensitivity analysis by
sequentially omitting individual studies and observed that
our meta-analysis is statistically stable (Figure 3(b)).

3.3.3. Subgroup Analyses. To reduce the influence of con-
founding factors on the results of this study, we conducted
three subgroup analyses. We divided the included studies
into the Japan group and the South Korea group according
to the difference in country, divided the included studies into
a <4-year group and a >4-year group according to the differ-

ence in follow-up period, and divided the included studies
into a >1000 group and a <1000 group according to the
difference in sample size. The subgroup analysis indicated that
there was heterogeneity in the South Korea group (n = 4) (RR:
0.88; 95% CI: 0.56-1.38) (I2 = 60:2%, P = 0:057, Figure 4(a)),
but the Japan group (n = 6) (RR: 0.54; 95% CI: 0.36-0.82)
(I2 = 0:0%, P = 0:436, Figure 4(a)), the <4-year group (n = 5)
(RR: 0.88; 95% CI: 0.59-1.30) (I2 = 48:8%, P = 0:099,
Figure 4(b)), the >4-year group (n = 5) (RR: 0.51; 95% CI:
0.31-0.82) (I2 = 10:1%, P = 0:349, Figure 4(b)), the >1000
group (n = 3) (RR: 1.04; 95% CI: 0.80-1.34) (I2 = 8:7%, P =
0:334, Figure 4(c)), and the <1000 group (n = 7) (RR: 0.52;
95% CI: 0.35-0.76) (I2 = 7:6%, P = 0:370, Figure 4(c)) showed
a significant decrease. Moreover, statins were significantly
associated with a reduced risk of cardiovascular events in
CAS patients in the Japanese group, the >4-year group, and
the <1000 group.

3.3.4. Trial Sequential Analysis. In the TSA, the diversity-
adjusted information size of 13,131 patients was calculated
using a two-side α = 5%, β = 20% (power 80%), an antici-
pated relative risk reduction of 30%, and an event propor-
tion of 7.2% in the control arm. The result showed that the
cumulative Z-curve crossed the conventional boundary for
favoring statin therapy but did not surpass the trial sequen-
tial alpha spending monitoring boundary (Figure 4(d)).

4. Discussion

This meta-analysis included 10 studies that contained 4345
patients in the statin group and 4988 controls in the no-
statin group. Our analysis showed that statin therapy can
reduce adverse cardiovascular events in patients with CAS

Records identified through database searching:

Full-text articles reviewed for detailed evaluation (n = 43)

Articles included in meta-analysis (n = 10)

Small case series (n < 50), articles
without detailed data, non-Asia
region studies. (n = 33)

Duplicate records removed, and
records excluded based on titles or
abstracts screening.
conference abstracts, case reports,
animal studies, editorials, review
papers, commentaries, non-
english literature. (n = 1610)

Additional studies identified
through manual search (n = 0)
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Figure 1: Flowchart of selected articles.

3Cardiovascular Therapeutics



T
a
bl
e
1:
M
ai
n
ch
ar
ac
te
ri
st
ic
s
of

in
cl
ud

ed
st
ud

ie
s
(s
ta
ti
n
gr
ou

p
vs
.n

o-
st
at
in

gr
ou

p,
nu

m
be
r
(%

))
.

St
ud

y
H
yp
er
te
ns
io
n

D
ia
be
te
s

m
el
lit
us

D
ys
lip

id
em

ia
Sm

ok
in
g

A
sp
ir
in

C
C
B

N
it
ra
te

N
ic
or
an
di
l

β
-B
lo
ck
er
s

A
C
E
Is
/A

R
B
s

K
en
su
ke

Io
et

al
.

N
R

Su
na
o

K
od

am
a
et

al
.

N
R

M
un

en
or
i

K
os
ug
i
et

al
.

N
R

A
ki
hi
ro

N
ak
ag
om

i
et

al
.

N
R

M
as
an
ob
u

Is
hi
i
et

al
.

60
(4
6.
9)

vs
.5
3

(4
1.
4)

26
(2
0.
3)

vs
.

21
(1
6.
7)

12
1
(9
4.
5)

vs
.

50
(3
9.
1)

50
(3
9.
1)

vs
.5
1

(3
9.
8)

37
(2
8.
9)

vs
.

35
(2
7.
3)

12
2
(9
5.
3)

vs
.

12
4
(9
6.
9)

14
(1
0.
9)

vs
.1
9

(1
4.
8)

9
(7
.0
)
vs
.

9
(7
.0
)

8
(6
.3
)
vs
.

6
(4
.7
)

34
(2
6.
6)

vs
.

29
(2
2.
7)

M
in

Se
ok

O
h

et
al
.

11
0
(3
9.
1)

vs
.

11
1
(3
9.
5)

71
(2
5.
4)

vs
.

73
(2
6.
0)

N
R

89
(3
1.
7)

vs
.8
2

(2
9.
2)

18
0
(6
4.
1)

vs
.

17
9
(6
3.
7)

27
4
(9
7.
5)

vs
.

27
4
(9
7.
5)

10
8
(3
8.
4)

vs
.

10
5
(3
7.
4)

10
2
(3
6.
3)

vs
.

97
(3
4.
5)

N
R

50
(1
7.
8)

vs
.

49
(1
7.
4)

Z
he

H
ao

P
ia
o

et
al
.

12
2
(4
1.
9)

vs
.

74
(3
5.
6)

34
(1
1.
7)

vs
.

21
(1
0.
1)

29
(1
0.
0)

vs
.

11
(5
.3
)

15
6
(5
3.
8)

vs
.

11
5
(5
5.
3)

22
9
(8
0.
4)

vs
.

12
1
(7
2.
0)

24
5
(8
3.
9)

vs
.

16
9
(8
0.
9)

19
1
(6
5.
6)

vs
.

11
6
(5
9.
2)

99
(3
5.
0)

vs
.

66
(3
3.
7)

41
(1
4.
0)

vs
.

17
(8
.1
)

13
9
(4
7.
6)

vs
.

83
(3
9.
7)

So
Ji
n
P
ar
k

et
al
.

12
65

(5
4.
9)

vs
.

86
9
(4
8.
4)

87
9
(3
8.
2)

vs
.

61
7
(3
4.
4)

N
R

N
R

21
77

(9
4.
5)

vs
.

15
28

(8
5.
1)

19
73

(8
5.
6)

vs
.

14
76

(8
2.
2)

20
72

(8
9.
9)

vs
.

15
47

(8
6.
2)

11
08

(4
8.
1)

vs
.

74
0
(4
1.
2)

N
R

89
5
(3
8.
8)

vs
.

47
4
(2
6.
4)

W
on

-W
oo

Se
o

et
al
.

30
6
(4
1.
1)

vs
.

29
6
(3
2.
4)

73
(9
.8
)
vs
.

70
(7
.7
)

27
6
(3
7.
1)

vs
.

12
5
(1
3.
7)

N
R

39
4
(5
3.
0)

vs
.

23
9
(2
6.
1)

70
1
(9
4.
2)

vs
.

79
1
(8
6.
5)

61
4
(8
2.
5)

vs
.

72
6
(7
9.
4)

N
R

46
(6
.2
)
vs
.

59
(6
.5
)

16
8
(2
2.
6)

vs
.

98
(1
0.
7)

H
ir
oy
os
hi

M
or
i
et

al
.

10
1
(4
7.
9)

vs
.

10
1
(4
7.
9)

38
(1
8.
0)

vs
.

32
(1
5.
2)

13
6
(6
4.
5)

vs
.

13
7
(6
4.
9)

13
4
(6
3.
5)

vs
.

12
2
(5
7.
8)

11
2
(5
3.
1)

vs
.

10
8
(5
1.
2)

19
7
(9
3.
4)

vs
.

20
3
(9
6.
2)

99
(4
6.
9)

vs
.9
2

(4
3.
6)

N
R

7
(3
.3
)
vs
.

9
(4
.3
)

45
(2
1.
3)

vs
.

57
(2
7.
0)

N
R
:n

ot
re
po

rt
ed
;C

C
B
:c
al
ci
um

-c
ha
nn

el
bl
oc
ke
r;
A
C
E
Is
/A

R
B
s:
an
gi
ot
en
si
n-
co
nv
er
ti
ng

en
zy
m
e
in
hi
bi
to
rs
/a
ng
io
te
ns
in

re
ce
pt
or

bl
oc
ke
rs
.

4 Cardiovascular Therapeutics



T
a
bl
e
2:
C
lin

ic
al
ou

tc
om

es
an
d
m
ai
n
ch
ar
ac
te
ri
st
ic
s
of

pa
ti
en
ts
w
it
h
co
ro
na
ry

ar
te
ry

sp
as
m
s
tr
ea
te
d
w
it
h
st
at
in
s
or

w
it
ho

ut
st
at
in
s.

St
ud

y
Y
ea
r

C
ou

nt
ry

T
ot
al
(n
)

St
at
in
s
(n
)

A
ge

(y
∗
)

M
al
e
(n
,%

)∗
M
A
C
E
de
fi
ni
ti
on

M
A
C
E
(n
)∗

Fo
llo
w
-u
p

K
en
su
ke

Io
et

al
.

20
07

Ja
pa
n

10
47

12
9

64
±
10

(a
ll)

N
R

D
ea
th

fr
om

M
I,
ce
re
br
al
in
fa
rc
ti
on

,
or

H
F
an
d
no

nf
at
al
M
I

3
vs
.3
1

3.
7
y

Su
na
o
K
od

am
a
et

al
.

20
09

Ja
pa
n

29
2

71
64

±
10

(a
ll)

N
R

Fa
ta
lc
ar
di
ov
as
cu
la
r
di
so
rd
er
,a
cu
te

M
I,
ce
re
br
ov
as
cu
la
r
di
so
rd
er
,H

F,
ao
rt
ic
an
eu
ry
sm

,r
en
al
fa
ilu

re
,a
nd

ob
st
ru
ct
iv
e
at
he
ro
sc
le
ro
si
s,

un
de
rg
oi
ng

ca
rd
ia
c
su
rg
er
y

3
vs
.1
3

4.
3
y

M
un

en
or
i
K
os
ug
i
et

al
.

20
11

Ja
pa
n

23
1

87
N
R

N
R

Su
dd

en
ca
rd
ia
c
de
at
h
an
d

re
ad
m
is
si
on

fo
r
A
C
S

7
vs
.2
2

5.
9
y

A
ki
hi
ro

N
ak
ag
om

i
et

al
.
20
13

Ja
pa
n

26
5

98
59
:0
±
10
:4

(a
ll)

N
R

Su
dd

en
ca
rd
ia
c
de
at
h
an
d

re
ad
m
is
si
on

fo
r
A
C
S

5
vs
.2
6

7.
4
y

M
as
an
ob
u
Is
hi
i
et

al
.

20
16

Ja
pa
n

25
6

12
8

64
:6
±
9:
9
vs
.6
4:8

±
9:
7

55
(4
3.
0)

vs
.5
7
(4
4.
5)

C
ar
di
ac

de
at
h,

ho
sp
it
al
iz
at
io
n
fo
r

ac
ut
e
M
I,
an
d
un

st
ab
le
an
gi
na

0
vs
.9

4.
6
y

M
in

Se
ok

O
h
et

al
.

20
16

So
ut
h
K
or
ea

56
2

28
1

55
:8
±
9:
2
vs
.5
5:7

±
9:
2

23
8
(8
4.
7)

vs
.2
41

(8
5.
8)

C
ar
di
ac

de
at
h,

M
I,
an
y

re
va
sc
ul
ar
iz
at
io
n

9
vs
.1
2

4.
6
y

Z
he

H
ao

P
ia
o
et

al
.

20
16

So
ut
h
K
or
ea

50
1

29
2

57
:4
±
11
:8

vs
.5
7:9

±
13
:4

20
1
(6
9.
3)

vs
.1
45

(6
9.
4)

A
ll-
ca
us
e
de
at
h,

no
nf
at
al
M
I,
an
d

T
V
R

5
vs
.1
2

1.
0
y

So
Ji
n
P
ar
k
et

al
.

20
19

So
ut
h
K
or
ea

40
99

23
04

54
:9
±
11
:6

vs
.5
3:4

±
12
:5

17
06

(7
4.
1)

vs
.1
24
4

(6
9.
3)

C
ar
di
ac

ar
re
st
an
d
ac
ut
e
M
I
af
te
r

di
sc
ha
rg
e

12
0
vs
.9
7

3.
9
y

W
on

-W
oo

Se
o
et

al
.

20
20

So
ut
h
K
or
ea

16
58

74
4

55
:9
±
10
:9

vs
.5
3:5

±
11
:5

46
1
(6
2.
0)

vs
.5
44

(5
9.
5)

C
ar
di
ac

de
at
h,

A
C
S,
an
d
ne
w
-o
ns
et

lif
e-
th
re
at
en
in
g
ar
rh
yt
hm

ia
32

vs
.2
8

1.
9
y

H
ir
oy
os
hi

M
or
i
et

al
.

20
22

Ja
pa
n

42
2

21
1

65
:5
±
9:
5
vs
.6
4:6

±
10
:3

15
7
(7
4.
4)

vs
.1
57

(7
4.
4)

C
ar
di
ac

de
at
h,

no
nf
at
al
M
I,

ho
sp
it
al
iz
at
io
n
du

e
to

un
st
ab
le

an
gi
na

pe
ct
or
is
,H

F,
an
d

ap
pr
op

ri
at
e
im

pl
an
ta
bl
e

ca
rd
io
ve
rt
er

de
fi
br
ill
at
or

sh
oc
k

10
vs
.1
3

2.
6
y

∗
St
at
in

gr
ou

p
vs
.n

o-
st
at
in

gr
ou

p;
ag
e
is
ex
pr
es
se
d
in

av
er
ag
e
va
lu
es

(S
D
).
M
I:
m
yo
ca
rd
ia
l
in
fa
rc
ti
on

;H
F:

he
ar
t
fa
ilu

re
;A

C
S:
ac
ut
e
co
ro
na
ry

sy
nd

ro
m
e;
T
V
R
:t
ar
ge
t
ve
ss
el
re
va
sc
ul
ar
iz
at
io
n.

5Cardiovascular Therapeutics



T
a
bl
e
3:

A
na
ly
si
s
of

st
ud

y
m
et
ho

do
lo
gy

an
d
bi
as

of
10

st
ud

ie
s
in
cl
ud

ed
in

th
e
m
et
a-
an
al
ys
is
of

pa
ti
en
ts
w
it
h
C
A
S
w
it
h
or

w
it
ho

ut
st
at
in
s
us
in
g
th
e
N
ew

ca
st
le
-O

tt
aw

a
sc
al
e.

St
ud

y
R
ep
re
se
nt
at
iv
en
es
s

of
th
e
ex
po

se
d

co
ho

rt

Se
le
ct
io
n
of

no
ne
xp
os
ed

co
ho

rt

A
sc
er
ta
in
m
en
t

of
ex
po

su
re

D
em

on
st
ra
ti
on

th
at

ou
tc
om

e
of

in
te
re
st

w
as

no
t
pr
es
en
t

at
th
e
st
ar
t

C
om

pa
ra
bi
lit
y
of

co
ho

rt
s

on
th
e
ba
si
s
of

th
e

de
si
gn

or
an
al
ys
is

A
ss
es
sm

en
t

of
ou

tc
om

e

Su
it
ab
le

le
ng
th

of
fo
llo
w
-u
p

A
de
qu

ac
y
of

fo
llo
w
-u
p

Sc
or
e

K
en
su
ke

Io
et

al
.

0
1

1
1

0
1

1
1

6

Su
na
o
K
od

am
a
et

al
.

0
1

1
1

0
1

1
0

5

M
un

en
or
i
K
os
ug
i
et

al
.

0
1

1
1

0
1

1
1

6

A
ki
hi
ro

N
ak
ag
om

i
et

al
.

0
1

1
1

0
1

1
1

6

M
as
an
ob
u
Is
hi
i
et

al
.

1
1

1
1

1
1

1
1

8

M
in

Se
ok

O
h
et

al
.

1
1

1
1

1
1

1
1

8

Z
he

H
ao

P
ia
o
et

al
.

1
1

1
1

0
1

0
1

6

So
Ji
n
P
ar
k
et

al
.

1
1

1
1

0
1

1
1

7

W
on

-W
oo

Se
o
et

al
.

1
1

1
1

1
1

0
1

7

H
ir
oy
os
hi

M
or
i
et

al
.

1
1

1
1

1
1

1
1

8

E
ac
h
se
ct
io
n
ca
n
sc
or
e
a
m
ax
im

um
of

1
ex
ce
pt

co
m
pa
ra
bi
lit
y,
w
hi
ch

ca
n
sc
or
e
a
m
ax
im

um
of

2.
T
ot
al
sc
or
e
is
ou

t
of

9.

6 Cardiovascular Therapeutics



in Asia, and the sensitivity analysis further confirmed this
finding. Additionally, a subgroup analysis suggested that sta-
tins were significantly associated with a reduced risk of
MACE in CAS patients with an average follow-up of >4 years.
Nevertheless, our TSA results indicated that the available sam-
ples were insufficient and further research is needed.

Currently, most of the studies on the effectiveness of sta-
tins for CAS have been conducted in Asia, particularly in
Japan. Epidemiological data show that the prevalence of
CAS varies between countries, and the frequency of CAS
appears to be higher in the Japanese population than in
western populations [17]. Furthermore, the frequency of
multiple spasms (≥2 spastic coronary arteries) was signifi-
cantly higher in the Japanese (24.3%) and Taiwanese
(19.3%) populations (7.5%) than in the Caucasian popula-
tion (7.5%) [18–20]. Studies of coronary artery pathophysi-

ology have shown that Japanese patients have diffuse
hyperreactive coronary vessels compared to white patients
[17]. The mechanism responsible for this phenomenon
remains to be elucidated, but both genetic and environmen-
tal factors may play a role. The influence of genetic factors
has been paid attention to. Nitric oxide (NO) metabolism
is closely related to vascular regulation mechanism, and
eNOS gene is a main regulatory gene for NO metabolism
in the vascular system. Tanus-Santos et al. demonstrated
that eNOS alleles are unevenly distributed across ethnic
groups [21]. Thus, ethnic diversity may partly explain the
comparative results of genetic and clinical studies in pre-
dominantly white or Asian populations.

In recent years, research on the relationship between
statin therapy and MACE in CAS patients has gradually
increased. There were two prior meta-analyses that have

Study (year)

Kensuke lo et al (2007)
Sunao Kodama et al (2009)
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Akihiro Nakagomi et al (2013)
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So Jin Park et al (2019)
Won-Woo Seo et al (2020)
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Overall, DL
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10.63
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7.90

21.21
16.23
10.71

100.00

Statin No-statin Risk ratio (%)

0.0039062 1 256

Note: Weights are from random-effects model; continuity correction applied to studies with zero cells
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Kensuke lo et al
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Zhe Hao Piao et al
So Jin Park et al
Won-Woo Seo et al
Hiroyoshi Mori et al

0.69 (0.21, 2.22)
0.70 (0.30, 1.64)
0.60 (0.34, 1.08)
0.51 (0.31, 0.83)
0.47 (0.29, 0.77)
0.53 (0.35, 0.81)
0.49 (0.33, 0.72)
0.58 (0.37, 0.89)
0.67 (0.45, 1.00)
0.70 (0.49, 0.99)

0.532
0.414
0.091
0.007
0.003
0.003
0.000
0.013
0.051
0.044

Study
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2007
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2016
2016
2016
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2022

Risk ratio
with (95% CI) Yearp-value

Random-effects DerSimonian–Laird model

(b)

Figure 2: MACE in CAS patients between the statin therapy patient group and the no-statin therapy control group: (a) meta-analysis; (b)
cumulative meta-analysis.
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studied the association between statin therapy and prognosis
in CAS patients [22, 23]. These two studies indicated that no
association was observed between statin use and reduced
risk of MACE in patients with CAS. However, the meta-
analysis by Liu et al. only included five studies, while Sayed
et al. enrolled 9 studies including conference abstracts. Nei-
ther of these meta-analyses performed TSA; RIS cannot be
evaluated. Through detailed search, our meta-analysis
included 10 studies excluding conference abstracts, and RIS
was calculated in our TSA. By including more studies, it is
now possible to further examine subgroup analyses such as
follow-up period, sample size, and country where the study
was conducted.

Based on the sensitivity analysis results, we observed that
none of the studies affected the overall effect, indicating that
our meta-analysis is statistically stable. But results analyzed
in the paper by Seo et al. are certainly a cause for concern
[10]. The study included 1658 patients who were diagnosed
with CAS based on coronary provocation test and excluded
patients who had a history of percutaneous coronary inter-
vention and stroke/transient ischemic attack and ≥50%
obstructive CAD. The primary outcome was a composite
of cardiac death, acute coronary syndrome, and new-onset
life-threatening arrhythmia during a 3-year follow-up
period. Their results show that statin therapy was not (HR,
1.35; CI, 0.78–2.33, P = 0:281) an independent predictor of
primary outcomes in multivariate Cox regression analysis,
nor were CCB (HR, 0.70; CI, 0.31–1.55, P = 0:378) and
nitrates (HR, 0.69; CI, 0.38–1.27, P = 0:235). Seo et al. believe
that the main reason for the lack of benefits of statins in the
treatment of CAS may be that most of the selected patients
have received CCBs or nitrates before discharge in this study.

Our analysis showed that the beneficial effect of statin
therapy in patients with CAS in Asia despite TSA results
indicated that the available samples were insufficient. The
mechanisms by which statins could decrease MACE in
patients with CAS are worthy of further study. It is generally
known that statins can reduce cardiovascular events in

patients with coronary heart disease by lowering LDL cho-
lesterol levels and protecting against coronary artery plaque
formation. In our meta-analysis, some studies included
patients with mild to moderate organic coronary artery steno-
sis; except for those without coronary artery stenosis, these
patients may have reaped greater benefits of antiatherosclero-
tic progression from statins [6–8, 10, 11]. Additionally, exper-
imental and clinical evidences suggest that statins improve
endothelial dysfunction through antioxidation, anti-inflam-
mation, and increased production of endothelial nitric oxide
(NO) [24–27]. Previous studies have shown that vascular
smooth muscle hyperreactivity plays a key role in the patho-
genesis of CAS, and the main reason seems to be the increased
activity of Rho kinase [28, 29]. Statins have been shown to
block the activation of RhoA, thereby improving vascular
endothelial function, enhancing NO activity, and inhibiting
inflammation and Ca2+ sensitivity of coronary smooth muscle
[30, 31]. Finally, substantial overlap exists between patients
with coronary microvascular dysfunction (CMVD) and CAS
(32.6% in Suda et al. study and 20.5% in the CORMICA trial)
[32, 33]. Of the 10 studies included in the present meta-anal-
ysis, the degree of overlap is unknown. A study consisted of
925 patients showed that statin treatment was associated with
decreased MACE in CMVD patients over a long-term period
(more than 10 years) [34].

The results of our subgroup analysis suggest that the cor-
relation between statin therapy and reduced MACE endpoint
was stronger in Japanese patients. The ethnic heterogeneity of
coronary artery vasomotor reactivity does exist, but studies
have mainly focused on differences between Japanese and
Caucasian patients [17]. Caucasian variant angina patients
not only have a higher incidence of atherosclerotic disease
than Japanese but also have more extensive disease [35].
And Caucasian variant angina patients have a worse overall
survival than their Japanese counterparts [17]. Genetic factors
contributing to racial heterogeneity have been implicated, par-
ticularly with a focus on amino acid substitution of endothelial
nitric oxide synthase gene (resulting in insufficient production
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Figure 3: (a) Evaluation of publication bias by funnel plot. (b) Sensitivity analysis of the included studies.
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Figure 4: Continued.
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Figure 4: (a) Subgroup analysis by country. (b) Subgroup analysis by follow-up period. (c) Subgroup analysis by sample size. (d) Trial
sequential analysis.
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of nitric oxide). The missense mutations are more frequent in
Japanese patients with vasospastic angina than in the control
group [36]. However, the low frequency of the gene in CAS sug-
gests that other factors play a role. Future studies of Japanese
patients living in Caucasian societies may further help us under-
stand the environmental factors that contribute to this phenom-
enon. Additionally, statins were significantly associated with a
reduced risk of MACE in CAS patients with an average
follow-up of>4 years.We can speculate that the longer the statin
is used, the greater the benefit for CAS patients. Some CAS
patients have mild to moderate organic coronary artery stenosis
and therefore benefit from the concept of “the lower the better”
for LDL cholesterol. There is no doubt that prolonged statin
therapy can significantly lower LDL cholesterol and thus reduce
cardiovascular events. Many studies also have confirmed the
importance of long-term cholesterol-lowering therapy for
almost all patients with or without previous coronary heart dis-
ease events and support a longer-term view in determining the
net benefits of treatment [37–39]. Due to the limitations of this
meta-analysis, it is not possible to determine how long statin use
reduces cardiovascular time in patients with CAS. This question
is an interesting topic that deserves further study.

In the present analysis, our TSA results indicated that
the available samples were insufficient. As visualized in the
forest plot of the cumulative meta-analysis (Figure 2(b))
and the plot of TSA, we observed that previous trend has
changed since the study by Park et al. [9]. In particular,
the relatively large sample size of Park et al. study and Seo
et al. study may lead to uncertainty in the link between statin
therapy and MACE endpoints in CAS patients. In short,
despite our analysis showing that statin therapy can reduce
MACE in patients with CAS in Asia, this association
appeared to be unstable. Therefore, more trials are required
in this field, especially randomized controlled trials.

We should consider some potential limitations of this
meta-analysis. First, there is the absence of randomized con-
trolled trials in these studies included in this meta-analysis,
and only 3 studies provided propensity score-matched analysis
data. Second, the sample size of this study is too small to further
confirm our findings. Finally, there are limited studies in some
subgroup analysis, and more studies are needed to support
these results. Although this study has a few limitations, it still
provides some implications for statins in the treatment of
CAS patients in Asia, which may inspire future research explo-
rations and aid in the formulation of new hypotheses.

5. Conclusion

In general, our meta-analysis suggests that statin therapy can
reduce MACE in patients with CAS in Asia; the correlation
between the two was stronger in Japanese patients and patients
followed up for more than 4 years. However, due to the insuf-
ficiency of available samples in this study, more studies are
needed to confirm the future use of statins in CAS patients.
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