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SYSTEMATIC REVIEW AND META-ANALYSIS

Does the Age of Sudden Cardiac Death 
in Family Members Matter in Brugada 
Syndrome?
Pattara Rattanawong , MD; Jakrin Kewcharoen , MD; Chanavuth Kanitsoraphan , MD; Timothy Barry , MD;  
Anusha Shanbhag, MD; Nway L. Ko Ko, MD; Wasawat Vutthikraivit , MD; Madhurima Home , MD; 
Pradyumna Agasthi , MD; Hasan Ashraf , MD; Wataru Shimizu , MD, PhD; Win-Kuang Shen , MD

BACKGROUND: Brugada syndrome is an inherited cardiac channelopathy associated with major arrhythmic events (MAEs). 
The presence of a positive family history of sudden cardiac death (SCD) as a risk predictor of MAE remains controversial. We 
aimed to examine the association between family history of SCD and MAEs stratified by age of SCD with a systematic review 
and meta-analysis.

METHODS AND RESULTS: We searched the databases of MEDLINE and EMBASE from January 1992 to January 2020. Data 
from each study were combined using the random-effects model. Fitted metaregression was performed to evaluate the as-
sociation between the age of SCD in families and the risk of MAE. Twenty-two studies from 2004 to 2019 were included in 
this meta-analysis involving 3386 patients with Brugada syndrome. The overall family history of SCD was not associated with 
increased risk of MAE in Brugada syndrome (pooled odds ratio [OR], 1.11; 95% CI, 0.82–1.51; P=0.489, I2=45.0%). However, 
a history of SCD in family members of age younger than 40 years of age did increase the risk of MAE by ≈2-fold (pooled OR, 
2.03; 95% CI, 1.11–3.73; P=0.022, I2=0.0%). When stratified by the age of cut point at 50, 45, 40, and 35 years old, a history of 
SCD in younger family member was significantly associated with a higher risk of MAE (pooled OR, 0.49, 1.30, 1.51, and 2.97, 
respectively; P=0.046).

CONCLUSIONS: A history of SCD among family members of age younger than 40 years was associated with a higher risk of 
MAE.

Key Words: Brugada syndrome ■ family history ■ sudden cardiac death

Brugada syndrome (BrS) is a heterogeneous ge-
netic ion channel disorder that is associated with 
an increased risk of major arrhythmic events (MAE) 

and sudden cardiac death (SCD).1 Brugada syndrome 
is characterized by coved-type (Type-1) ST elevation 
appearances in the right precordial leads.1,2 The prev-
alence of patients with a Brugada ECG Type-1 pattern 
varies among different populations, ranging from 0% 
to 0.4%.1,3 The most common mutation responsible for 
BrS is the SCN5A mutation, which is present in 20% to 

30% of patients and has an autosomal dominant inher-
itance pattern.4 Several studies have demonstrated the 
importance of a family history of SCD in characterizing 
the disease and prognosis.2 However, data from other 
studies report conflicting results and suggest that a 
family history of SCD is not useful as a risk stratification 
tool.5-8 Risk stratification for ventricular arrhythmias 
and increased risk of SCD remains challenging in as-
ymptomatic patients with Brugada syndrome. In this 
study, we aimed to assess whether a family history of 
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SCD is associated with an increased risk of MAE in 
patients with BrS by performing a systematic review 
and meta-analysis.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Search Strategy
Two investigators (C.K. and W.V.) independently 
searched for published studies indexed in MEDLINE and 
EMBASE databases from inception to January 2020 
using a search strategy as described in Data S1. Only 
full articles in English were included. A manual search 
for additional pertinent studies and review articles using 
references from retrieved articles was also completed.

Inclusion Criteria
The eligibility criteria included the following:

1.	 Cohort, case-control, or cross-sectional studies re-
porting end points of MAE in patients with BrS 
with and without a family history of SCD or MAE.

2.	 The calculation by the studies of odds ratios (OR) 
or hazard ratios with 95% CI, or the presence of 

sufficient raw data for manual calculation. Patients 
without a family history of SCD were used as con-
trols. The risk ratio and hazard ratio were converted 
to OR by previously reported principal equations.9

Study eligibility was independently determined by 2 in-
vestigators (A.S. and N.K.), and differences were resolved 
by mutual consensus. In case of an overlap or duplication 
between populations among studies, the study with largest 
sample size and clear age of cut point definition from each 
representative population was selected, whereas the rest 
of the overlap or duplicated populations were excluded. If 
the identity of the declared participating institutions was 
unclear, the corresponding author of each study was con-
tacted. The Newcastle-Ottawa quality assessment scale 
was used to assess each study’s quality.10 This study 
complies with the Meta-analysis of Observational Studies 
in Epidemiology reporting guideline11 (Table S1).

Data Extraction
A standardized data collection form was used to ob-
tain the information. Two investigators (J.K. and C.K.) 
independently performed this data extraction pro-
cess to ensure accurate data extraction. Any data 
discrepancy was resolved by referring back to the 
original articles.

Definition
Family History

Positive family history was defined as at least 1 first- or 
second-degree relative who had sudden unexplained 
death, sudden cardiac death (SCD), or sudden cardiac 
arrest or as defined in each study (Table).12–31

Brugada Syndrome

BrS was diagnosed according to recently published 
guidelines.1 Only studies evaluating a type-1 Brugada 
pattern were included in this meta-analysis.

End Point: Major Arrhythmic Event

Major arrhythmic events were defined by either of SCD, 
sudden cardiac arrest, ventricular fibrillation, sustained 
ventricular tachycardia, or appropriate implantable 
cardioverter defibrillator discharge. Nonsustained ven-
tricular tachycardia and inappropriate implantable car-
dioverter defibrillator discharge were not considered as 
end points of interest.

Statistical Analysis
Meta-Analysis

We performed a meta-analysis of the included 
studies using a random-effects model using the 

CLINICAL PERSPECTIVE

What Is New?
•	 A history of sudden cardiac death among family 

members of age younger than 40 years was asso-
ciated with a higher risk of major arrhythmic event.

•	 A mere presence of a family history of sudden car-
diac death without a clear age definition is not a 
risk predictor in Brugada syndrome.

What Are the Clinical Implications?
•	 We propose that a family history of sudden car-

diac death in the young could be a prognostic 
factor to predict major arrhythmic event in pa-
tients with Brugada syndrome.

Nonstandard Abbreviations and Acronyms

BrS	 Brugada syndrome
MAE	 major arrhythmic event
SCA	 sudden cardiac arrest
SCD	 sudden cardiac death



J Am Heart Assoc. 2021;10:e019788. DOI: 10.1161/JAHA.120.019788� 3

Rattanawong et al� Family History of Sudden Death in Brugada Syndrome

Ta
b

le
. 

S
u

m
m

a
ry

 C
h

a
ra

c
te

ri
st

ic
s 

o
f 

In
d

iv
id

u
a

l I
n

c
lu

d
e

d
 in

 S
tu

d
ie

s 
o

f 
P

at
ie

n
ts

 W
it

h 
B

rS

S
tu

d
y/

Y
ea

r
S

tu
d

y 
D

es
ig

n
N

M
aj

o
r 

A
rr

hy
th

m
ic

 
E

ve
nt

s
C

o
u

n
tr

y
C

en
te

rs
 

(N
)

M
en

 
(%

)
M

ea
n 

A
g

e±
S

D
 (

y)
S

ym
p

to
m

at
ic

 
B

rS
 (%

)
F

o
llo

w
-U

p
 

(m
o

)
A

n
al

ys
is

 
M

o
d

el

P
o

si
ti

ve
 

F
am

ily
 

H
is

to
ry

 (%
)

P
o

si
ti

ve
 

S
C
N
5A

 (%
 

[N
])

D
ef

in
it

io
n 

o
f 

F
am

ily
 H

is
to

ry
O

u
tc

o
m

es

D
ao

ul
ah

 e
t a

l, 
20

12
12

R
et

ro
sp

ec
tiv

e 
co

ho
rt

25
6

K
in

gd
om

 o
f 

S
au

d
i A

ra
b

ia
, 

U
ni

te
d 

A
ra

b 
E

m
ira

te
s,

 
O

m
an

, B
ah

ra
in

, 
an

d 
K

uw
ai

t

6
10

0%
28

±7
80

%
41

.2
±1

7.
6

U
ni

va
ria

te
32

%
N

A
S

C
D

 in
 a

 fa
m

ily
 

m
em

b
er

 o
ld

er
 

th
an

 4
5 

y 
ol

d

A
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge
, 

S
C

A

D
el

in
ie

re
 e

t 
al

, 2
01

913
R

et
ro

sp
ec

tiv
e 

co
ho

rt
80

28
Fr

an
ce

, 
S

w
itz

er
la

nd
, 

R
om

an
ia

13
91

%
45

.1
±1

2.
8

36
%

12
U

ni
va

ria
te

18
%

9%
 [5

7]
S

C
D

 in
 a

 fa
m

ily
 

m
em

b
er

 y
ou

ng
er

 
th

an
 5

0 
y 

ol
d 

in
 th

e 
fir

st
 o

r 
se

co
nd

 d
eg

re
e 

re
la

tiv
es

V
F,

 S
C

A

G
ar

ci
a-


Ig

le
si

as
 e

t a
l, 

20
19

14

P
ro

sp
ec

tiv
e 

co
ho

rt
15

5
14

S
pa

in
, M

ex
ic

o,
 

In
d

ia
6

70
%

41
.0

±1
4.

7
40

%
55

.8
±

39
.4

M
ul

tiv
ar

ia
te

47
%

N
A

S
C

D
 in

 a
 fa

m
ily

 
m

em
b

er
 y

ou
ng

er
 

th
an

 4
5 

y 
ol

d

V
F,

 a
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge
, 

S
C

A

G
ra

y 
et

 a
l, 

20
17

15
P

ro
sp

ec
tiv

e 
co

ho
rt

54
18

A
us

tr
al

ia
4

81
%

44
±1

3
26

%
27

.6
±

30
U

ni
va

ria
te

20
%

20
%

 [5
4]

S
C

D
 o

r 
S

C
A

 in
 a

 
fa

m
ily

 m
em

b
er

 
yo

un
ge

r 
th

an
 

45
 y

 o
ld

S
us

ta
in

ed
 V

T,
 

S
C

A

H
ua

ng
 e

t a
l, 

20
09

16
P

ro
sp

ec
tiv

e 
co

ho
rt

43
7

C
hi

na
7

56
%

45
.2

±1
0.

8
55

.8
%

32
.2

±
8.

6
M

ul
tiv

ar
ia

te
N

A
12

%
 [4

3]
S

C
D

 in
 a

 fa
m

ily
 

m
em

b
er

 y
ou

ng
er

 
th

an
 4

5 
y 

ol
d

S
us

ta
in

ed
 V

T,
 

V
F,

 S
C

D

Ju
an

g 
et

 a
l, 

20
15

17
C

as
e-

co
nt

ro
l

14
5

Ta
iw

an
2

10
0%

40
±1

3
10

0%
N

A
U

ni
va

ria
te

10
%

10
0%

S
C

D
 in

 a
 fa

m
ily

 
m

em
b

er
 y

ou
ng

er
 

th
an

 4
5 

y 
ol

d

S
us

ta
in

ed
 V

T,
 

V
F,

 S
C

D

K
ha

ra
zi

 e
t a

l, 
20

07
18

P
ro

sp
ec

tiv
e 

C
oh

or
t

11
2

Ira
n

1
92

%
46

.5
±1

1.
8

83
%

27
.8

3±
11

.2
5

U
ni

va
ria

te
16

%
N

A
Fa

m
ily

 h
is

to
ry

 o
f 

S
C

D
S

us
ta

in
ed

 V
T,

 
V

F,
 a

p
p

ro
p

ria
te

 
IC

D
 d

is
ch

ar
ge

Le
on

g 
et

 a
l, 

20
19

19
P

ro
sp

ec
tiv

e 
co

ho
rt

13
3

10
U

ni
te

d 
K

in
gd

om
2

61
%

45
±1

5
53

%
42

±
25

U
ni

va
ria

te
33

%
N

A
S

C
D

 in
 a

 fa
m

ily
 

m
em

b
er

 y
ou

ng
er

 
th

an
 4

0 
y 

ol
d

S
us

ta
in

ed
 V

T,
 

V
F,

 a
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge
, 

S
C

A

Le
ts

as
 e

t a
l, 

20
19

20
P

ro
sp

ec
tiv

e 
co

ho
rt

11
1

7
G

re
ec

e 
an

d 
U

ni
te

d 
S

ta
te

s
9

77
%

45
.3

±1
3.

3
33

%
54

±
42

U
ni

va
ria

te
6.

3%
N

A
S

C
D

 in
 a

 fa
m

ily
 

m
em

b
er

 y
ou

ng
er

 
th

an
 4

5 
y 

ol
d

S
us

ta
in

ed
 V

T,
 

V
F,

 a
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge

M
ak

ar
aw

at
e 

et
 a

l, 
20

17
21

P
ro

sp
ec

tiv
e 

co
ho

rt
40

14
Th

ai
la

nd
2

96
%

43
.5

±1
2.

7
10

0%
28

.3
±1

1.
3

M
ul

tiv
ar

ia
te

35
%

23
%

 [4
0]

S
C

D
 o

r 
S

C
A

 in
 a

 
fa

m
ily

 m
em

b
er

 
yo

un
ge

r 
th

an
 

45
 y

 o
ld

A
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge

 (C
on

tin
ue

d
)



J Am Heart Assoc. 2021;10:e019788. DOI: 10.1161/JAHA.120.019788� 4

Rattanawong et al� Family History of Sudden Death in Brugada Syndrome

S
tu

d
y/

Y
ea

r
S

tu
d

y 
D

es
ig

n
N

M
aj

o
r 

A
rr

hy
th

m
ic

 
E

ve
nt

s
C

o
u

n
tr

y
C

en
te

rs
 

(N
)

M
en

 
(%

)
M

ea
n 

A
g

e±
S

D
 (

y)
S

ym
p

to
m

at
ic

 
B

rS
 (%

)
F

o
llo

w
-U

p
 

(m
o

)
A

n
al

ys
is

 
M

o
d

el

P
o

si
ti

ve
 

F
am

ily
 

H
is

to
ry

 (%
)

P
o

si
ti

ve
 

S
C
N
5A

 (%
 

[N
])

D
ef

in
it

io
n 

o
f 

F
am

ily
 H

is
to

ry
O

u
tc

o
m

es

M
ig

lio
re

 e
t a

l, 
20

19
22

P
ro

sp
ec

tiv
e 

co
ho

rt
27

2
17

Ita
ly

2
82

%
43

±1
2

30
%

85
±

55
U

ni
va

ria
te

27
%

N
A

S
C

D
 in

 a
 fa

m
ily

 
m

em
b

er
 y

ou
ng

er
 

th
an

 4
0 

y 
ol

d 
in

 
m

al
e 

an
d 

50
 y

 o
ld

 
in

 fe
m

al
e*

S
us

ta
in

ed
 V

T,
 

V
F,

 a
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge

M
ok

 e
t a

l, 
20

04
23

R
et

ro
sp

ec
tiv

e 
co

ho
rt

50
26

C
hi

na
7

94
%

41
±1

2
40

%
25

.8
±1

0.
5

U
ni

va
ria

te
14

%
14

%
 [3

6]
Fa

m
ily

 h
is

to
ry

 o
f 

S
C

D
S

C
D

N
ag

as
e 

et
 a

l, 
20

18
24

R
et

ro
sp

ec
tiv

e 
co

ho
rt

20
9

8
Ja

pa
n

1
96

%
45

±1
4

38
%

56
±

48
U

ni
va

ria
te

17
%

18
%

 [9
3]

S
C

D
 in

 a
 fa

m
ily

 
m

em
b

er
 y

ou
ng

er
 

th
an

 4
5 

y

V
F

O
ai

li 
et

 a
l, 

20
11

25
P

ro
sp

ec
tiv

e 
co

ho
rt

24
1

Tu
ni

si
a

4
92

%
40

.8
±1

3.
7

21
%

26
±

21
U

ni
va

ria
te

46
%

N
A

Fa
m

ily
 h

is
to

ry
 o

f 
S

C
D

S
us

ta
in

ed
 V

T,
 

V
F,

 a
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge
, 

S
C

D

O
hk

ub
o 

et
 a

l, 
20

07
26

P
ro

sp
ec

tiv
e 

co
ho

rt
34

1
Ja

pa
n

1
97

%
52

±1
3

32
%

47
.1

±
33

.7
U

ni
va

ria
te

9%
N

A
Fa

m
ily

 h
is

to
ry

 o
f 

S
C

D
S

C
D

P
ap

p
on

e 
et

 
al

, 2
01

827
C

as
e-

co
nt

ro
l

19
1

88
Ita

ly
1

78
%

40
.3

±1
1.

2
45

%
N

A
U

ni
va

ria
te

24
%

18
%

 [1
91

]
Fa

m
ily

 h
is

to
ry

 o
f 

S
C

D
S

us
ta

in
ed

 V
T

P
ro

bs
t e

t a
l, 

20
10

2
P

ro
sp

ec
tiv

e 
co

ho
rt

10
17

43
Fr

an
ce

, I
ta

ly
, 

N
et

he
rla

nd
s

13
72

%
45

±
5.

7
36

%
33

.3
±1

2.
0

U
ni

va
ria

te
26

%
28

%
 [8

50
]

S
C

D
 in

 a
 fa

m
ily

 
m

em
b

er
 y

ou
ng

er
 

th
an

 4
5 

y

A
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge
, 

S
C

D

R
iv

ar
d 

et
 a

l, 
20

16
28

R
et

ro
sp

ec
tiv

e 
co

ho
rt

10
5

16
C

an
ad

a
3

79
%

46
.2

±1
3.

3
44

.7
%

59
.6

±1
6.

4
U

ni
va

ria
te

26
.7

%
20

.6
%

 [6
3]

Fa
m

ily
 h

is
to

ry
 o

f 
S

C
D

A
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge
, 

S
C

D

S
ie

ira
 e

t a
l, 

20
17

29
P

ro
sp

ec
tiv

e 
co

ho
rt

40
0

20
B

el
gi

um
1

58
%

41
.1

±1
7.

8
32

%
80

.7
±

57
.2

U
ni

va
ria

te
46

%
26

%
 [5

3]
S

C
D

 in
 a

 fa
m

ily
 

m
em

b
er

 y
ou

ng
er

 
th

an
 3

5 
y

S
us

ta
in

ed
 V

T,
 

V
F,

 a
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge
, 

S
C

D

S
on

 e
t a

l, 
20

14
30

P
ro

sp
ec

tiv
e 

co
ho

rt
69

38
K

or
ea

5
98

%
46

.2
±1

3.
5

80
%

59
±

46
M

ul
tiv

ar
ia

te
19

%
N

A
Fa

m
ily

 h
is

to
ry

 o
f 

S
C

D
A

p
p

ro
p

ria
te

 
IC

D
 d

is
ch

ar
ge

S
ub

ra
m

an
ia

n 
et

 a
l, 

20
19

31
P

ro
sp

ec
tiv

e 
co

ho
rt

10
3

13
In

d
ia

2
86

%
47

.8
±7

.2
12

%
85

.3
U

ni
va

ria
te

32
%

N
A

Fa
m

ily
 h

is
to

ry
 o

f 
S

C
D

S
us

ta
in

ed
 V

T,
 

V
F,

 a
p

p
ro

p
ria

te
 

IC
D

 d
is

ch
ar

ge

To
ki

ok
a 

et
 a

l, 
20

14
8

R
et

ro
sp

ec
tiv

e 
co

ho
rt

24
6

24
Ja

pa
n

1
96

%
47

.6
±1

3.
6

21
.6

%
47

.6
±1

3.
6

U
ni

va
ria

te
28

%
14

%
 [1

23
]

S
C

D
 in

 a
 fa

m
ily

 
m

em
b

er
 y

ou
ng

er
 

th
an

 4
5 

y

V
F,

 S
C

D

B
rS

 in
d

ic
at

es
 B

ru
ga

d
a 

sy
nd

ro
m

e;
 IC

D
, i

m
p

la
nt

ab
le

 c
ar

d
io

ve
rt

er
 d

ef
ib

ril
la

to
r;

N
A

, n
ot

 a
p

p
lic

ab
le

; S
C

A
, s

ud
d

en
 c

ar
d

ia
c 

ar
re

st
; S

C
D

, s
ud

d
en

 c
ar

d
ia

c 
d

ea
th

; V
F,

 v
en

tr
ic

ul
ar

 fi
b

ril
la

tio
n;

 a
nd

 V
T,

 v
en

tr
ic

ul
ar

 ta
ch

yc
ar

d
ia

.
*M

ig
lio

re
 e

t a
l, 

20
19

 w
as

 in
cl

ud
ed

 in
 a

ge
-s

tr
at

ifi
ed

 a
na

ly
si

s 
as

 <
40

-y
ea

rs
-o

ld
 g

ro
up

 b
ec

au
se

 o
f m

al
e 

p
re

d
om

in
an

ce
 in

 B
rS

.

Ta
b

le
. 

C
o

n
ti

n
u

e
d



J Am Heart Assoc. 2021;10:e019788. DOI: 10.1161/JAHA.120.019788� 5

Rattanawong et al� Family History of Sudden Death in Brugada Syndrome

generic inverse-variance method of Der Simonian 
and Laird.32 The event rate was pooled using 
variance-stabilizing arcsine transformation method 
of Freeman-Tukey.33 The heterogeneity of effect size 
estimates across these studies was quantified using 
the I2 statistic (I2<25%, low; I2=25–50%, moderate; 
and I2>50%, substantial).34 Subgroup analyses and 
metaregression were performed if the heterogeneity 
was moderate or substantial to explore the source 
of heterogeneity.34,35 Publication bias was assessed 
using a funnel plot and the Egger’s regression test.36 
A P value of <0.05 was considered significant. All 
data analyses were performed using the STATA SE 
version 14.2.

Sensitivity Analysis

A sensitivity analysis was performed to assess the influ-
ence of the individual studies on the overall results by 
omitting 1 study at a time, as described by Patsopoulos 
et al, to examine whether overall estimates were influ-
enced by the substantial heterogeneity observed.37

Subgroup Analysis

The subgroup analysis was performed in a family his-
tory of younger than 40 and 45 years old SCD, fam-
ily history of SCD in spontaneous Type-1 population, 
analysis type (univariate versus multivariate), and eth-
nicity. The subgroup analysis was also performed to 
explore the source of heterogeneity (moderate or sub-
stantial) in analysis type (univariate versus multivariate) 
and ethnicity (White and Asian) in overall analysis as 
well as studies with a family history of younger than 
45 years old SCD.

Metaregression

Fitted random-effects model with truncated Knapp–
Hartung method metaregression was performed to 
evaluate the association between the age of cut point 
of SCD in family members in each study and the risk 
of MAE (OR of each study). The metaregression was 
also performed to explore the source of heterogeneity.

RESULTS
Search Results
Our search strategy yielded 821 potentially relevant 
articles (223 articles from EMBASE and 598 articles 
from MEDLINE). After the exclusion of duplicate arti-
cles, 693 articles underwent title and abstract review. 
Following the review, 580 articles were excluded as 
they were not cohort, case-control, or randomized 
controlled trials, were not conducted in patients with 
BrS, or had irrelevant titles and abstracts. 113 articles 

remained for a full-length review. An additional 47 stud-
ies were further excluded as they did not report data 
regarding family history of SCD. Additionally, they did 
not provide sufficient data to calculate hazard ratio 
(HR), risk ratio, or odds ratio (OR). Forty-four studies 
were excluded because of a duplicated population. 
Therefore, a total of 22 studies were included in this 
meta-analysis. Figure 1

outlines the search and literature review process.

Description of Included Studies
A total of 22 (20 cohorts and 2 case-control) studies 
from 27 countries (95 studied centers) involving 3386 
patients with BrS during the study period of 2004–
2019 were included in our meta-analysis.2,8,12–31 The 
ages of cut point of SCD among family members in 
different studies were >45 years old,12 <50 years old,13 
<45  years old,8,14-17,20,21,24,29 <40  years old,19,22 and 
<35 years old.29 a Nine studies did not report age of 
cut point of SCD among family members. The mean 
age was 43.9±12.2  years. Patients were predomi-
nantly men (77.3%), White (86.0%), and asymptomatic 
(63.5%). The mean follow-up was 50.88±39.6 months. 
SCN5A was reported in 12 studies. A family history of 
SCD and SCN5A was positive in 23.6% and 21.0%, 
respectively.

Twelve studies were included in subgroup anal-
ysis of a history of younger than 45 years old SCD 
in the family involving 2694 patients with BrS.2,8,14–

17,19–22,29 The mean age was 44.0±12.2  years. 
Patients were predominantly men (80.0%), White 
(86.7%), and asymptomatic (62.2%). The mean fol-
low-up was 51.3±40.6  months. A family history of 
SCD and SCN5A was positive in 21.6% and 21.9%, 
respectively. A summary of study characteristics is 
shown in Table.

Three studies were included in subgroup analysis 
in cohorts with history of SCD among family mem-
bers of age younger than 40 years involving 805 pa-
tients BrS.19,22,29 The mean age was 42.4±15.6 years. 
Patients were predominantly men (66.6%), White 
(100%), and asymptomatic (65.2%). The mean fol-
low-up was 75.8±54.5  months. Family history of 
SCD and SCN5A were positive in 37.4% and 26.0%, 
respectively. A summary of study characteristics is 
shown in Table.

Quality Assessment of Included Studies
The Newcastle-Ottawa quality assessment scale 
scores of included studies are described in Table S2. 
The scale uses a star system (0–9) to evaluate in-
cluded studies on 3 domains: selection, comparabil-
ity, and outcomes. Higher scores represent a higher 
study quality (8–9: high, 6–7: moderate, and 0–5: low). 
Two studies were categorized as moderate quality,17,18 



J Am Heart Assoc. 2021;10:e019788. DOI: 10.1161/JAHA.120.019788� 6

Rattanawong et al� Family History of Sudden Death in Brugada Syndrome

whereas the remainder of the studies were categorized 
as high quality.

Meta-Analysis Results
Family History of Sudden Cardiac Death on 
Major Arrhythmic Event

In the overall analysis, a family history of SCD was 
not significantly associated with increased risk of 
MAE in patients with BrS (pooled OR, 1.11; 95% CI, 
0.82–1.51; P=0.489). The statistical heterogeneity 
was moderate, with an I2 of 46.1%. Eleven studies re-
ported OR <1.0 (decreased risk of MAE) and the ma-
jority (7 of 11) did not report age of cut point or used 

age of cut point more than 45  years old. A forest 
plot of this meta-analysis is shown in Figure 2. The 
subgroup analysis of a family history of SCD in spon-
taneous Type-1 population was performed from 5 
studies with 280 patients with BrS13,17,24–26; this sub-
group analysis increased the overall pooled OR by 
9% (pooled OR, 1.20; 95% CI, 0.45–3.18; I2=30.7%, 
P=0.716). The pooled event rate in patients with BrS 
with and without a family history of SCD were 16% 
(95% CI, 9–23%) and 15% (95% CI, 9–22%) respec-
tively (Figures S1 and S2).

Among the 12 studies that defined a family history 
of SCD <45  years of age (9 studies used 45  years 
old,2,8,14-17,20,21,24 2 studies used 40  years old,19,22   

Figure 1.  Search methodology and selection process.
BrS indicates Brugada syndrome; SCD, sudden cardiac death; and VF, ventricular fibrillation.
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and 1 study used 35 years old29 as ages of cut point), 
the majority (8 of 12) showed an increased risk of MAE 
(OR, >1.0)8,15–17,20–22,29 (Figure  3); of the 8 studies, 3 
studies15,20,29 showed the associations were statisti-
cally significant.

For the age-specific analysis, a family history of 
younger than 45 years old SCD, from 12 studies with 
2694 patients with BrS,2,8,14–17,19–22,29 showed an in-
creased risk of MAE by ≈45%, and although not statis-
tically significant (pooled OR, 1.45; 95% CI, 0.98–2.13; 
P=0.060), there was substantial heterogeneity (I2=50.8). 
A family history of younger than 40 years old with SCD, 
from 3 studies with 807 patients with BrS,19,22,29 was 
associated with an increased risk of MAE by ≈2-fold 
(pooled OR, 2.03; 95% CI, 1.11–3.73; P=0.022) without 
heterogeneity (I2=0.0%). The forest plot of this meta-
analysis is shown in Figure 3.

The pooled event rate in patients with BrS with and 
without a family history of SCD younger than 45 years 

old was 15% (95% CI, 8–24%) and 9% (95% CI, 6–13%) 
respectively; whereas, SCD younger than 40 years old 
was 9% (95% CI, 5–15%) and 5% (95% CI, 3–7%) re-
spectively (Figures S3 and S4).

When stratified by age of cut point, at 50, 45, 40, 
and 35 years old, the risk of MAE increased in associ-
ation with decremented age of cut point of SCD in the 
family (pooled OR, 0.49; CI, 0.16–1.52; OR, 1.30; CI, 
0.85–1.99; OR, 1.51; CI, 0.67–3.39; and OR, 2.97; CI, 
1.19–7.44, respectively) (Figure  4). Metaregression of 
age cut point showed that a history of SCD in younger 
family members was significantly associated with a 
higher risk of MAE (P=0.046) (Figure 5). The bubble plot 
and fitted metaregression line are shown in Figure 5.

To examine the source of heterogeneity, subgroup 
analysis of analysis type (Figures  S5 and S6) and 
ethnicity (Figures S7 and S8) were performed. There 
was substantial heterogeneity in univariate analysis 
and White population but no heterogeneity (I2=0) in 

Figure 2.  Forest plot demonstrating the association of family history of sudden cardiac death and major arrhythmic event 
in patients with Brugada syndrome.
OR indicates odds ratio.
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multivariate analysis and Asian population; therefore, 
univariate analysis and White ethnicity were likely the 
sources of heterogeneity. Metaregression of the per-
centage of SCD at presentation, male sex, symptom-
atic patients, family history of SCD, positive SCN5A, 
ethnicity, mean age, and follow-up duration showed no 
significant effect on the pooled results in both overall 
(Table S3) and younger than 45 years old (Table S4) 
analysis. However, mean age had significant effects of 
heterogeneity in the younger than 45 years old analysis 
(P=0.022).

Sensitivity Analysis
To assess the stability of the results of the meta-
analysis, we conducted a sensitivity analysis by ex-
cluding 1 study at a time. None of the results was 
significantly altered in the overall analysis (Figure S9). 
However, sensitivity analysis of younger than 45 years 
old showed that the results would become significant 

if Probst et al, García-Iglesias et al, or Nagase et al2,14,24 
were omitted (Figure  S10A). Sensitivity analysis of 
younger than 40 years old also showed that the results 
would become nonsignificant if Migliore et al or Siera 
et al22,29 were omitted (Figure S10B). This is because of 
a lack of power of the analysis.

Publication Bias
To investigate potential publication bias, we exam-
ined the contour-enhanced funnel plot of the included 
studies in assessing change in log OR of MAE and 
Egger’s test.38,39 No publication bias was observed 
on the funnel plots or Egger’s test in overall analysis 
(P=0.190) and family history younger than 40  years 
old analysis (P=0.208). However, there was a signifi-
cant small study effect in the family history of younger 
than 45 years old SCD (P=0.017). An asymmetric fun-
nel plot was observed in a family history of younger 
than 45 years old SCD (Figures S11 through S13).

Figure 3.  Forest plot demonstrating the association of family history of sudden cardiac death at age <45 and <40 years old 
and major arrhythmic event in patients with Brugada syndrome.
OR indicates odds ratio; and SCD, sudden cardiac death.
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DISCUSSION
The main finding from this meta-analysis is that a 
history of SCD in family members younger than 
40 years of age increased the risk of MAE by ≈2-fold 
in patients with BrS. When stratified by age decre-
ment, the history of SCD in younger family members 
showed a statistically significant difference with 
a higher risk of MAE in younger patients with BrS. 
However, a pooled analysis of the mere presence of 
family history of SCD without an age specificity in 
BrS was not associated with MAE.

Identifying prognostic factors of MAE in patients 
with BrS is essential in order to prevent undesirable 
outcomes. Few risk factors have been identified as 
predictors of MAE among patients with BrS. A family 
history of SCD is common among patients with BrS 
(27.5% from our pooled analysis). The prognostic sig-
nificance of a family history of SCD has been reported 
in previous studies but remains inconclusive.2,6,15,18,29 

Kamakura and colleagues reported that a family his-
tory of SCD increased the risk of MAE up to 5-fold in a 
Japanese cohort.6 Siera and colleagues also reported 
similar findings with increased risk of MAE 3-fold in 
Belgian patients.29 However, a family history of SCD 
was not a significant prognostic factor in the FINGER 
(France, Italy, Netherlands, Germany) registry.2

Our meta-analysis shows that pooled analysis of 
the mere presence of family history of SCD in BrS 
was not associated with MAE. However, we illustrated 
that a family history of SCD in members younger than 
40  years was associated with MAE in BrS with sta-
tistical significance in the meta-analysis (P=0.022) and 
a metaregression analysis showed that the history of 
SCD in younger family member was significantly as-
sociated with a higher risk of MAE (P=0.046). In the 
general population, the most common cause of SCD 
in adult >35 years old is coronary artery disease, espe-
cially in men.40 It is plausible that the cause of SCD in 
age-undifferentiated family cohorts is less BrS specific, 

Figure 4.  Forest plot demonstrating an increase in the major arrhythmic event odds ratio with decrementing age definition 
of sudden cardiac death in the family of Brugada syndrome patient.
OR indicates odds ratio; and SCD, sudden cardiac death.
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that is, higher prevalence of ischemic or structural 
heart disease-mediated SCD in older family members.

Eleven studies reported an OR <1.0 (family history 
of SCD decreased risk of MAE in BrS)1 and the majority 
(7 of 11) did not report an age of cut point or used age 
of cut point more than 45  years old.12,13,18,23,27,28,31 
Similar to a large registry from Belgium, without a spe-
cific age of cut point, the HR was <1.0 (HR, 0.6; 95% 
CI, 0.3–1.3; P=0.20). On the contrary, in the same pop-
ulation, with a definition of a family history of SCD 
<35 years old, the presence of a family history of SCD 
was associated with a significant increase in the risk of 
MAE by 3-fold in BrS (HR, 2.9; 95% CI, 1.2–7.0; P=0.02). 
Moreover, our study highlighted that a history of SCD in 
younger family members was significantly associated 
with a higher risk of MAE by a fitted linear metaregres-
sion model (Figure 5). These findings support our hy-
pothesis that confounders such as ischemic or 
structural heart disease-mediated SCD in older pa-
tients may have been introduced in studies without a 
clear delineation of age.

Siera et al 29 used the lowest age of cut point of 
SCD in family member among the included studies 
(<35 years old). Interestingly, the mean age of the pop-
ulation included in this study was relatively low and the 
proportion of positive family history (46%) as well as 
proportion of positive SCN5A (26%) were relatively high 
when compared with other studies. These findings 
may suggest that SCN5A gene mutation may explain 
earlier and more severe manifestation of BrS similar 
to previous reports. However, the correlation between 
SCN5A positivity and the younger SCD in family mem-
ber is not yet to be determined.

Earlier meta-analyses by Wu and colleagues included 
7 studies,41 and Gehi and colleagues included only 2 
studies,42 compared with 22 studies in the current meta-
analysis. Both of the earlier studies did not stratify the fam-
ily history by age, and metaregression was not performed. 
Sample size, power of meta-analysis, and statistic meth-
odology were significant limitations of the previous studies. 
Our study included more studies, pooled the risk of MAE 
according to the SCD age definition, and confirmed the 
association of stratified age of SCD in the family and MAE 
with fitted linear metaregression model. The larger sample 
size, regression validation methodology, and a more con-
temporary data set render our results with higher certainty. 
Furthermore, the majority of the included studies with a 
family history of SCD <45 years old (8 of 12)8,15–17,20–22,29 
and <40 years old22,29 (2 of 3) reported increased risk of 
MAE (OR>1), which supported our findings.

The 2017 American Heart Association/American 
College of Cardiology/Heart Rhythm Society guideline 
on SCD prevention and 2013 Heart Rhythm Society/
European Heart Rhythm Association/Asia Pacific Heart 

Rhythm Society expert consensus stated that posi-
tive family history of SCD is not a significant predicting 
factor of SCD in BrS.1,43 Additionally, the 2013 Heart 
Rhythm Society/European Heart Rhythm Association/
Asia Pacific Heart Rhythm Society expert consensus 
stated that defibrillator implantation in asymptomatic 
BrS is not indicated with a family history of SCD alone.1 
However, both guidelines did not specify an age cutoff 
because there was a lack of consistent data regarding 
the specific age of SCD in the family. Moreover, early 
sudden cardiac death in the family member was also 
included the composite score model to predict MAE 
in BrS. Our meta-analysis is the first study to provide 
compelling evidence demonstrating a significant asso-
ciation between a family history of SCD in the young 
and MAE in BrS. We propose that a family history of 
SCD in the young in BrS could be considered as a 
prognostic factor to predict MAE in patients with BrS. 
Larger prospective cohort studies are needed to sup-
port our proposal.

Limitations
There are some inevitable discrepancies of end points 
definition among studies. There are substantial hetero-
geneities observed in this analysis owing to analysis 
types and ethnicity. The percentage of patients with a 
family history of SCD in our analysis is lower than pre-
viously reported in European registries. This is likely 
from lower SCD rates reported from the Asian studies 
included in the study. SCD is a largely heterogeneous 
condition, which is attributable to multiple etiologies, in-
cluding coronary artery diseases, especially when SCD 
occurs in patients at older age. A large number studies 
were excluded because of insufficient data for analysis, *References 2, 12–14, 18, 19, 23, 24, 27, 28, 31.

Figure 5.  The bubble plot and fitted metaregression line 
demonstrating a strong trend of the association between 
the increasing of major arrhythmic event odds ratio and 
decrementing of age definition of sudden cardiac death in 
the family of a patient with Brugada syndrome.
OR indicates odd ratio; and SCD, sudden cardiac death.
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which may have introduced publication and selection 
bias. Available data were not sufficient to perform sub-
group analysis in asymptomatic patients and those who 
presented with SCD. Moreover, only 3 studies were in-
cluded in the analysis in patients <40 years old and 1 in 
patients <35 years of age. Additional cohort studies are 
needed to explore the association between MAE and 
family history of SCD in the young in BrS.

CONCLUSIONS
Our study demonstrated that a history of SCD among 
family members of age younger than 40  years was 
associated with a higher risk of MAE. A mere pres-
ence of a family history of SCD without a clear age 
definition is not a risk predictor in BrS. We propose 
that a family history of SCD in the young could be a 
prognostic factor to predict MAE in patients with BrS. 
Larger prospective cohort studies are needed to valid 
our observation.
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Search Terms 

 

(Search date January 3rd 2020) 

 

PUBMED 

Search: brugada syndrome family history Filters: English  

(("brugada syndrome"[MeSH Terms] OR ("brugada"[All Fields] AND "syndrome"[All 

Fields])) OR "brugada syndrome"[All Fields]) AND (((("medical history taking"[MeSH 

Terms] OR (("medical"[All Fields] AND "history"[All Fields]) AND "taking"[All 

Fields])) OR "medical history taking"[All Fields]) OR ("family"[All Fields] AND 

"history"[All Fields])) OR "family history"[All Fields]) 

Translations 

brugada syndrome: "brugada syndrome"[MeSH Terms] OR ("brugada"[All Fields] 

AND "syndrome"[All Fields]) OR "brugada syndrome"[All Fields] 

family history: "medical history taking"[MeSH Terms] OR ("medical"[All Fields] AND 

"history"[All Fields] AND "taking"[All Fields]) OR "medical history taking"[All Fields] 

OR ("family"[All Fields] AND "history"[All Fields]) OR "family history"[All Fields] 

 

EMBASE 

Brugada syndrome/ and family history/ 

Limited to English language  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

Included countries and studied centers  

 

1. Kingdom of Saudi Arabia  

1.1. King Faisal Specialist Hospital and Research Center 

1.2. Aramco Dhahran Health Center Hospital 

2. United Arab Emirates  

2.1. Sheikh Khalifa Medical City  

3. Oman  

3.1. The Royal Hospital 

4. Bahrain  

4.1. Mohammed Bin Khalifa Bin SulmanAl-Khalifa Cardiac Centre   

5. Kuwait  

5.1. Chest Disease Hospital 

6. France  

6.1. Aix-en-Provence 

6.2. Clermont-Ferrand  

6.3. Grenoble 

6.4. Lille 

6.5. Lyon Louis Pradel 

6.6. Nîmes 

6.7. Paris Georges Pompidou 

6.8. Saint-Etienne 

6.9. Villefranche-sur-Saône  

6.10. University Hospitals of Bordeaux 

6.11. University Hospitals of Brest 

6.12. University Hospitals of Rennes 

6.13. University Hospitals of Tours 

6.14. University Hospitals of Angers 

6.15. University Hospitals of Poitiers 

6.16. University Hospitals of Strasbourg 

6.17. University Hospitals of Nantes 

7. Switzerland 

7.1. Geneva 

7.2.  Lausanne Cecil Clinic 

8. Romania  

8.1. TaˆrguMures 

8.2. Niculae Stancioiu Heart Institute 

9. Spain 

9.1. Hospital Universitario Central de Asturias 

9.2. Instituto de Investigacion Sanitaria del Principado de Asturias 

9.3. Grupo Para la Modelizacion Matematica Avanzada 

9.4. Universidad Católica de Murcia 

10. Mexico 

10.1. Hospital Civil de Guadalajara Fray Antonio Alcalde 

11. India 



 

 
 

11.1. Amrita Institute of Medical Sciences 

11.2. KMC Mangalore 

11.3. Jawaharlal Nehru Medical College 

12. Australia 

12.1. Royal Prince Alfred Hospital 

12.2. Concord Repatriation General Hospital 

12.3. Blacktown Hospital 

12.4. Australian Genetic Heart Disease Registry 

13. China 

13.1. First Hospital of Xiamen( Fujian Medical University) 

13.2. Union Hospital( Fujian Medical University) 

13.3. Renmin Hospital( Wuhan University) 

13.4. First Hospital (Fujian Medical University) 

13.5. Fujian Provincial Hospital 

13.6. Zhongshan Hospital(Xiamen University) 

13.7. Fuzhou General Hospital 

13.8. Princess Margaret Hospital 

13.9. Pamela Youde Nethersole Eastern Hospital 

13.10. Queen Mary Hospital 

13.11. North District Hospital 

13.12. Prince of wales Hospital 

13.13. United Christian Hospital 

13.14. Kwong wah Hospital 

14. Taiwan 

14.1. National Taiwan University 

14.2. National Taiwan University Hospital 

15. Iran 

15.1. Rajaie Cardiovascular Research and Medical Center 

16. Korea 

16.1. Cardiac and Vascular Center 

16.2. Samsung Medical Center 

16.3. Asan Medical Center 

16.4. Korea University Cardiovascular Center 

16.5. Chonnam National University Hospital 

17. United Kingdom 

17.1. National Heart and Lung Institute 

17.2. Imperial College Healthcare NHS Trust 

18. Greece 

18.1. General Hospital of Athens 

18.2. University Hospital of Ioannina 

18.3. Hippokration Hospital of Thessaloniki 

18.4. Athens Naval Hospital 

18.5. Tzaneio General Hospital of Piraeus 

18.6. Henry Dunant Hospital 

18.7. General Hospital of Corfu 

18.8. Athens Red Cross Hospital 



 

 
 

19. USA 

19.1. University of Oklahoma Health Sciences Center 

20. Thailand 

20.1. Queen Sirikit Heart Center, Srinagarind Hospital 

21. Italy 

21.1. University Hospital of Padova 

21.2. General Hospital of Conegliano 

21.3. Policlinico University Hospital San Donato 

21.4. University of Torino 

21.5. Cardinal Massaia Hospital of Asti 

22. Germany 

22.1. University of Muenster 

22.2. University Hospital of Mannheim 

23. The Netherlands 

23.1. Academic Medical center Amsterdam 

24. Belgium 

24.1. Universitair Ziekenhuis Brussels 

25. Japan 

25.1. Kyoto University Hospital 

25.2. National Cerebral and Cardiovascular Center 

25.3. Nihon University 

25.4. Okyama University Hospital 

25.5. Ritsumeikan university 

25.6. Shiga University of Medical Science 

26. Tunisia 

26.1. Sahloul Hospital 

26.2. Military Hospital 

26.3. Habib Thameur Hospital 

26.4. Hedi Chaker Hospital 

27. Canada 

27.1. Montreal Heart Institute 

27.2. Quebec Heart and Lung Institute 

27.3. Sherbrooke University Hospital 

 

 

 



 

 
 

 



 

 
 

 

 

 

 

 

 

 

 

Supplement Table 1: MOOSE checklist for meta-analyses of observational studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Table S2. Newcastle-Ottawa quality assessment scale of included studies in meta-

analysis. 

 

  

Selection Comparability Outcome 

Total 
Representa
tive of the 

exposed 

cohort 

Selection 
of the non 

-exposed 

cohort 

Ascertainm

ent of 
exposure 

Endpoint not 

present at 
start 

Comparability Assessmen

t of 
outcome 

Follow up 

duration 

Adequacy 

of follow 
up (Confounding) 

Daoulah et al., 

2012 
* * * * * * * * 8 

Deliniere et 
al,2019 

* * * * * * * * 8 

Garcia-Iglesias 

et al,2019 
* * * * ** * * * 9 

Gray et al, 2017 * * * * * * * * 8 

Huang et al., 

2009 
* * * * * * * * 8 

Juang et al., 

2015 
* * * * * * * * 8 

Kharazi et al, 

2007 
* * * * - * * * 7 

Leong et al., 

2019 
* * * * ** * * * 9 

Letsas et 
al,2019 

* * * * * * * * 8 

Makarawate et 

al,2017 
* * * * ** * * * 9 

Migliore et 
al,2019 

* * * * * * * * 8 

Mok et al., 

2004 
* * * * - * * * 7 

Nagase et al., 

2018 
* * * * * * * * 8 

Ohkubo et al., 

2007 
* * * * - * * * 7 

Ouali et al, 
2011 

* * * * * * * * 8 

Pappone et 

al,2018 
* * * * * * * * 8 

Probst et 

al,2010 
* * * * * * * * 8 

Rivard et al., 

2016 
* * * * * * * * 8 

Sieira et al, 
2017 

* * * * * * * * 8 

Son et al, 2014 * * * * * * * * 8 

Subramanian et 

al, 2019 
* * * * * * * * 8 

Tokioka et al., 

2014 
* * * * * * * * 8 

 

 

 

 

 



 

 
 

Table S3. Meta-regression of overall analysis with nonspecific age definition of SCD 

in the family. 

 

 
 

Covariates 
MAE OR 

Coefficient (95% CI) P value Residual I2 (%) Tau2 

%Symptomatic -0.1426385 (-1.893632 to 1.608354) 0.867 47.62 0.2691 

Mean age (years) 0.0384038 (-0.0341872 to 0.1109948) 0.283 42.82 0.1966 

%Male -1.340309 (-4.250869 to 1.570252) 0.348 47.30 0.2328 

Mean follow-up (years) 0.0083335 (-0.0066869 to 0.023354) 0.261 44.66 0.1681 

%Positive SCN5A 1.884714 (-1.890666 to 5.660094) 0.292 37.24 0.2265 

Uni- VS multivariate analysis 0.2066118  (-0.6972387 to 1.10094) 0.645 47.62 0.2696 

Caucasian VS Asian 0.528531  (-0.3797091 to 1.436771) 0.239 40.92 0.1565 

Study quality -0.1723582 (-1.112925 to 0.7454263) 0.684 46.51 0.2797 

 
 
 
 



 

 
 

Table S4. Meta-regression of analysis with <45 years old SCD in the family. 
 
 
 
 

Covariates 
MAE OR 

Coefficient (95% CI) P value Residual I2 (%) Tau2 

%Symptomatic 0.4760355 (-1.662224 to 2.614295) 0.631 51.20 0.1891 

Mean age (years) 0.1480045 (0.0260957 to 0.2699133) 0.022 22.62 0 

%Male -0.0120929  (-3.942071 to 3.917885) 0.995 49.21 0.2154 

Mean follow-up (years) 0.0073439 (-0.0150698 to 0.0297577) 0.482 54.75 0.1759 

%Positive SCN5A 1.799623 (-2.710865 to 6.310111) 0.352 37.73 0.1609 

Uni- VS multivariate analysis -0.2017126  (-1.165987 to 0.7625616) 0.651 47.18 0.2193 

Caucasian VS Asian 0.4061039  (-.6650696 to 1.477277) 0.418 43.37 0.1269 

Study quality -0.5832752   (-1.448507 to 0.281957) 0.164 32.11 0.1275 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure S1. Event rate in Brugada syndrome patient with family history of SCD  

 

 

 
 

 



 

 
 

Figure S2. Event rate in Brugada syndrome patient without family history of SCD.  

 

 

 
 

 

 



 

 
 

Figure S3. Event rate in Brugada syndrome patient with family history of <40 and 

<45 years old SCD.  

 

 

 
 

 

 



 

 
 

Figure S4. Event rate in Brugada syndrome patient without family history of <40 

and <45 years old SCD.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure S5. Subgroup analysis of univariate analysis and multivariate analysis in 

overall analysis. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure S6. Subgroup analysis of univariate and multivariate analysis in <45 years 

old SCD.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure S7. Subgroup analysis of ethnicity between Caucasian and Asian in overall 

analysis. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure S8. Subgroup analysis of ethnicity between Caucasian and Asian in <45 years 

old SCD. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure S9. Overall sensitivity analysis. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure S10. Family history of <45 (a) and <40 (b) years old SCD sensitivity analysis.  
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Figure S11. Egger’s plot of overall analysis. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure S12. Egger’s plot of <40 (a) and <45 (b) years old SCD analysis . 
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Figure S13. Funnel plot of the family history of SCD with non-specific age definition 

and MAE in patients with Brugada syndrome (a). Family history of SCD at age <40 

(b) and <45 (c) years old and MAE in patients with Brugada syndrome. 
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b)      c) 

 

 

 

 


