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Abstract
Introduction: Schizophrenia is a serious mental illness with a genetic predisposition. 
Genome‐wide	association	 studies	 (GWAS)	have	 identified	 the	α‐1C	 subunit	of	 the	
L‐type	voltage‐gated	calcium	channel	(CACNA1C)	gene	as	a	significant	risk	gene	for	
schizophrenia.	However,	there	are	inconsistent	conclusions	in	case–control	studies.
Methods: We	performed	a	comprehensive	meta‐analysis	of	all	available	samples	from	
existing	studies	under	four	different	genetic	models	(recessive	model,	dominant	model,	
additive	model	and	allele	model)	to	further	confirm	whether	CACNA1C rs1006737 is an 
authentic	risk	single	nucleotide	polymorphism	(SNP)	for	schizophrenia.
Results: A	statistically	significant	difference	under	the	four	models	(all	p	<	0.05)	was	ob‐
served	by	pooling	nine	Asian	and	European	studies,	including	a	total	of	12,744	cases	and	
16,460	controls.	For	European‐decent	samples,	a	significant	difference	was	 identified	
between	patients	and	controls	for	the	four	models	(all	p	<	0.05).	We	observed	a	signifi‐
cant difference between patients and controls for the recessive model and allele model 
(GG	vs.	GA	+	AA:	p	<	0.00001;	G	vs.	A:	p	<	0.00001)	using	a	fixed	effect	model,	but	the	
dominant	model	(GG	+	GA	vs.	AA:	OR:	p	=	0.15)	and	additive	model	(GG	vs.	AA:	p	=	0.11)	
showed	no	significant	difference	between	patients	and	controls	in	the	Asian	samples.
Conclusion: Our findings provide important evidence for the establishment of 
CACNA1C as a susceptibility gene for schizophrenia across world populations, but its 
roles in the pathogenesis of schizophrenia need to be further investigated.
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1  | INTRODUC TION

Schizophrenia is a severe psychiatric disease that has a serious ad‐
verse	 impact	 on	 society,	 families,	 and	 patients,	 affecting	 approxi‐
mately	1%	of	the	worldwide	population	(Sukanta,	David,	Joy,	&	John,	
2005).	According	to	research,	its	heritability	is	as	high	as	80%	(Sullivan,	
Kendler,	 &	 Neale,	 2003).	 Recently,	 GWAS	 have	 identified	 the	 α‐1C	
subunit	of	the	L‐type	voltage‐gated	calcium	channel	(CACNA1C)	gene	
as	 a	 significant	 risk	 gene	 for	 schizophrenia	 (Gurung	&	 Prata,	 2015).	
Although	CACNA1C	was	strongly	associated	with	schizophrenia	in	pre‐
vious studies, it is still unclear how it affects the onset of schizophrenia.

The CACNA1C gene, located on chromosome 12p13.3, encodes 
an α‐1	 subunit	 of	 the	 L‐type	 voltage‐dependent	 gated	 calcium	
channel. This channel transiently increases the membrane perme‐
ability	 for	calcium‐mediated	cell	membrane	depolarization,	playing	
an essential role in dendritic development, neuronal survival, syn‐
aptic	 plasticity,	 memory	 formation,	 learning,	 and	 behavior	 (Bhat	
et	 al.,	 2012).	 According	 to	 the	 neurodevelopmental	 hypothesis	 of	
schizophrenia	 (Fatemi	&	Folsom,	2009),	 any	 factor	 that	 can	affect	
the development of the nervous system may be the cause of schizo‐
phrenia; thus, the CACNA1C gene may be involved in schizophrenia 
by regulating the development of the nervous system. In addition, 
CACNA1C rs1006737 has also shown significant associations with 
other mental illnesses, such as bipolar disorder and major depressive 
disorder	(Ferreira	et	al.,	2008;	Green	et	al.,	2010;	Liu	et	al.,	2011).

Based	on	the	potential	possibility	of	shared	risk	variants	in	schizo‐
phrenia, studies from Europe reported a significant association of 
the	A‐allele	of	SNP	rs1006737	with	schizophrenia	in	a	Danish	cohort	
(Nyegaard	et	 al.,	 2010),	 a	British	 cohort	 (Green	et	 al.,	 2010),	 and	a	
Spanish	cohort	(Ivorra	et	al.,	2014).	These	results	were	successfully	
replicated	in	some	Asian	studies	(Guan	et	al.,	2014;	Guanchen,	Zhang,	
Fuquan,	Zhiqiang,	&	Wei,	2017;	Kuanjun	et	al.,	2014;	Porcelli	et	al.,	
2015;	Zheng	et	 al.,	 2014).	However,	 several	 studies	 from	Pakistan,	
Japan	and	Shanghai,	China,	have	failed	to	replicate	the	above	results	
(Fatima	et	al.,	2017;	Hori	et	al.,	2012;	Zhang	et	al.,	2012).	Given	the	
inconsistent association results, whether CACNA1C rs1006737 is  
associated with schizophrenia remains to be elucidated.

Meta‐analysis	 is	 a	method	 for	collecting,	merging,	and	statisti‐
cally	analyzing	different	research	results.	Recently,	Jiang	et	al.	(2015),	
Zheng	et	al.	(2014),	and	Nie,	Wang,	Zhao,	Zhang,	and	Ma	(2015)	have	
conducted	meta‐analysis	combining	Asian	and	European	studies	on	
the	association	between	schizophrenia	and	rs1006737.	However,	the	
studies	 involved	only	one	genetic	model	 (allelic	model).	We	there‐
fore	conducted	a	meta‐analysis	integrating	nine	studies	under	four	
different genetic models to evaluate the association of rs1006737 in 
the CACNA1C gene with schizophrenia.

2  | MATERIAL S AND METHODS

2.1 | Literature search

The	 PubMed,	 Web	 of	 Science,	 Cochrane	 Central	 Register	 of	
Controlled	 Trials,	 Science	 Direct,	 Wiley	 Online	 Library,	 Chinese	

National	 Knowledge	 Infrastructure,	 and	WanFang	Data	 databases	
were searched for potentially eligible studies using the combination 
of	the	keywords	“CACNA1C,”	“rs1006737,”	and	“schizophrenia,”	with	
no	limitations	placed	on	language.	All	articles	were	evaluated	on	the	
basis of the title and abstract, and studies that were clearly irrele‐
vant	were	excluded.	Then,	the	full	texts	of	potentially	eligible	studies	
were	reviewed	in	full	to	determine	the	inclusion	in	the	meta‐analysis.

2.2 | Inclusion and exclusion criteria

Eligible	studies	in	the	meta‐analysis	had	to	fulfill	the	following	crite‐
ria:	(a)	evaluate	the	CACNA1C rs1006737 polymorphism in relation to 
schizophrenia;	(b)	consist	of	a	human	case–control	study;	(c)	include	
patients meeting the diagnostic criteria for schizophrenia according 
to	the	Diagnostic	and	Statistical	Manual	of	Mental	Disorders,	4th	ed.	
(DSM‐IV)	or	the	International	Classification	of	Diseases–10	(ICD‐10),	
with control participants having no history of mental disorders, other 
neurological	disorders,	and	alcohol	or	drug	abuse;	(d)	provide	suffi‐
cient	data	for	calculating	the	genotypic	odds	ratio	(OR)	with	a	95%	
confidence	interval	(95%	CI);	(e)	no	overlap	of	samples	with	the	other	
identified	references;	and	(f)	published	before	November	2018.

Studies	with	the	following	criteria	were	excluded	from	the	cur‐
rent	analysis:	(a)	not	a	case–control	study;	(b)	duplicates	of	previous	
publications;	(c)	abstracts,	comments,	reviews,	posters,	and	editori‐
als;	and	(d)	reports	lacking	detailed	genotype	data.

2.3 | Data extraction

Data	for	this	meta‐analysis	were	extracted	using	a	standardized	data	
extraction	form	independently	by	the	authors.	The	following	data	were	
extracted	from	the	eligible	study:	first	author's	name,	year	of	publica‐
tion,	country	of	origin,	ethnicity,	sample	techniques,	number	of	cases	
and	controls,	Hardy–Weinberg	equilibrium	(HWE)	score,	and	allele	and	
genotype	frequencies,	among	other	information.	If	the	authors	did	not	
provide	additional	information,	the	studies	were	excluded.

2.4 | Statistical analysis

HWE	 was	 assessed	 for	 each	 study	 using	 the	 chi‐squared	 test.	
p	>	0.05	was	considered	to	be	consistent	with	HWE.	Meta‐analy‐
sis	was	performed	using	RevMan	5.3	software	(RRID:SCR_00358,	
Cochrane).	Pooled	ORs	(odds	ratio)	and	their	95%	CIs	(95%	confi‐
dence	intervals)	were	calculated	to	assess	the	association	between	
CACNA1C rs1006737 and susceptibility to schizophrenia for the 
recessive	model	 (GG	vs.	AG	+	AA),	dominant	model	 (GG	+	AG	vs.	
AA),	additive	model	(GG	vs.	AA),	and	allele	model	(G	vs.	A).	Pooled	
ORs	with	Z‐test	p	<	0.05	were	considered	statistically	significant.	
Statistical	heterogeneity	among	studies	was	assessed	by	Cochran's	
Q‐test	and	the	I2	metric.	Cochran's	Q‐test	approximately	follows	a	
distribution	with	k‐1	degrees	of	freedom	(k	stands	for	the	number	
of	studies	in	the	analysis).	The	I2 metric was used and ranges from 
0%	 to	 100%.	 Low,	 moderate,	 large,	 and	 extreme	 heterogeneity	
corresponded	 to	 0%–25%,	 25%–50%,	 50%–75%	 and	 75%–100%,	
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respectively. p	<	0.05	and	 I2	>	50%	were	deemed	to	 indicate	sig‐
nificant	 heterogeneity.	 A	 fixed	 effect	 model	 (Mantel–Haenszel	
method,	M–H)	was	 used	 in	 the	 absence	of	 heterogeneity;	 other‐
wise,	 a	 random	 effect	model	 (using	 the	DerSimonian	 and	 Laird's	
method)	was	applied.	Sensitivity	analysis	was	performed	 to	eval‐
uate the influence of each study on the overall pooled result by 
sequentially	excluding	each	individual	study.	A	funnel	plot	was	gen‐
erated	 to	evaluate	 the	potential	publication	bias	using	Stata	15.1	
software	 (RRID:SCR_007244,	 Stata	 Corp).	 Furthermore,	 power	
analysis	was	performed	by	Power	and	Sample	Size	Calculation	soft‐
ware	(RRID:SCR_004943,	Dupont	and	Plummer).

3  | RESULTS

3.1 | Study inclusion and characteristics

A	flow	chart	of	the	literature	search	and	selection	process	is	shown	
in	Figure	1.	A	total	of	190	potentially	relevant	articles	were	identi‐
fied	in	the	initial	search.	After	screening	the	title	and	summary,	164	
records	were	excluded.	Thus,	26	published	articles	were	 retained.	
We	 then	 assessed	 the	 full	 texts	 and	 nine	 were	 excluded,	 among	
them	two	were	not	case–control	studies,	three	were	duplicates,	and	
four	were	 irrelevant	 to	 schizophrenia	or	 rs1006737.	Hence,	17	ar‐
ticles were included in the systematic review, but when data were 

extracted,	eight	studies	lacked	detailed	genotype	data	and	were	ex‐
cluded.	Thus,	nine	studies	 (Fatima	et	al.,	2017;	Green	et	al.,	2010;	
Guan	et	al.,	2014;	Guanchen	et	al.,	2017;	He	et	al.,	2014;	Hori	et	al.,	
2012;	Nyegaard	et	al.,	2010;	Zhang	et	al.,	2012;	Zheng	et	al.,	2014)	
were	considered	eligible	for	the	present	meta‐analysis.

The	characteristics	of	each	study	are	shown	in	Table	1.	A	total	
of 12,744 schizophrenia cases and 16,460 healthy controls were in‐
cluded	in	the	present	study.	All	the	genotype	distributions	 in	each	
group	were	consistent	with	HWE.

We conducted a power analysis for detecting significant allelic 
associations;	our	 total	 sample	 size	 and	Asian	 sample	 size	 revealed	
a 100% power using OR values for the risk allele of 1.20, but the 
power	for	the	European	sample	size	was	83.1%.

3.2 | Results of the overall meta‐analysis

We	 conducted	 a	 meta‐analysis	 of	 Asian	 populations,	 European	
populations,	 and	 total	 populations.	 ORs	 with	 corresponding	 95%	
CIs	for	the	association	between	the	rs1006737	polymorphism	in	the	
CACNA1C	gene	and	the	risk	for	schizophrenia	in	the	different	popu‐
lations	 that	were	studied	are	detailed	 in	Figures	2‒4,	 respectively.	
In	each	meta‐analysis,	the	recessive	model	(GG	vs.	GA	+	AA),	domi‐
nant	model	(GG	+	GA	vs.	AA),	additive	model	(GG	vs.	AA),	and	allele	
model	(G	vs.	A)	were	tested.

F I G U R E  1   Flow diagram of the 
literature search and selection
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Nine	studies	including	two	European‐decent	samples	and	seven	
Asian	cohorts	contributed	12,744	cases	and	16,460	controls	for	the	
analysis	of	CACNA1C	rs1006737	and	schizophrenia.	As	no	heteroge‐
neity	was	detected	under	any	genetic	model	(p	>	0.05	and	I2	<	50%),	
the	 fixed	effect	model	was	applied	to	all	 the	models.	As	shown	 in	
Figure	2,	a	statistically	significant	difference	under	four	models	(GG	
vs.	GA	+	AA:	OR:	0.84,	95%	CI:	0.79–0.90	p	<	0.00001;	GG	+	GA	vs.	
AA:	OR:	0.79,	95%	CI:	0.67–0.93	p	=	0.004;	GG	vs.	AA:	OR:	0.76,	95%	
CI:	0.64–0.90,	p	=	0.001;	and	G	vs.	A:	OR:	0.85,	95%	CI:	0.	81–0.90,	
p	<	0.00001)	were	observed	by	pooling	the	night	included	studies.

For	European‐decent	samples,	only	two	studies	including	1,455	
cases	and	4,425	controls	were	included.	Using	a	fixed	effect	model,	
a significant difference was identified between patients and controls 
for	the	four	models	(GG	vs.	GA	+	AA:	OR:	0.88,	95%	CI:	0.77–0.99	
p	=	0.04;	GG	+	GA	vs.	AA:	OR:	0.79,	95%	CI:	0.65–0.95	p	=	0.01;	GG	
vs.	AA:	OR:	0.76,	95%	CI:	0.59–0.97,	p	=	0.03;	and	G	vs.	A:	OR:	0.88,	
95%	CI:	0.	80–0.96,	p	=	0.006).

For	Asian	samples,	 seven	studies	were	 included	 in	 the	meta‐
analysis. We observed a significant difference between patients 
and	 controls	 for	 the	 recessive	 model	 and	 allele	 model	 (GG	 vs.	
GA	+	AA:	OR:	0.83,	95%	CI:	0.77–0.89,	p	<	0.00001;	G	vs.	A:	OR:	
0.84,	95%	CI:	0.	78–0.90,	p	<	0.00001)	using	a	fixed	effect	model	
but	the	dominant	model	(GG	+	GA	vs.	AA:	OR:	0.78,	95%	CI:	0.56–
1.09 p	=	0.15)	and	additive	model	 (GG	vs.	AA:	OR:	0.76,	95%	CI:	
0.55–1.06,	p	=	0.11)	showed	no	significant	difference	between	pa‐
tients and controls.

3.3 | Sensitivity analysis

As	no	severe	heterogeneity	was	observed	and	eligible	studies	were	
limited, sensitivity analysis was not performed.

3.4 | Publication bias

The results of the publication bias test for the rs1006737 polymor‐
phism	are	presented	in	Supplement	Figures	S1–S3	and	Supplement	
Table S1. No publication bias was found in the group when assessed 
with	the	Egger	test	or	Begg's	funnel	plot.

4  | DISCUSSION

The potential role of neurodevelopmental disorder in schizophrenia 
has	been	suggested	but	is	still	ambiguous.	A	recent	review	has	de‐
tailed a pivotal role of neurodevelopmental disorder in the patho‐
genesis	of	schizophrenia	(Rund,	2018).	CACNA1C	is	a	known	marker	
of neurodevelopment that plays an important role in schizophrenic 
pathophysiology	 (Bhat	 et	 al.,	 2012;	 Blake	 et	 al.,	 2010;	 Yin	 et	 al.,	
2014).	In	the	current	study,	we	investigated	CACNA1C	rs1006737	in	
patients with schizophrenia.

As	we	expected,	 the	p value of the four models in the com‐
bined	population	(European	and	Asian	population)	were	all	<0.05.	
The	 results	were	 replicated	 in	 the	 European	 population.	 As	 for	TA

B
LE

 1
 
C
ha
ra
ct
er
is
tic
s	
of
	th
e	
st
ud
ie
s	
in
cl
ud
ed
	in
	th
e	
m
et
a‐
an
al
ys
is

Fi
rs

t a
ut

ho
r,

Pu
bl

is
he

d 
Ye

ar
Co

un
tr

y
Et

hn
ic

ity
Sa

m
pl

e 
te

ch
ni

qu
es

N
 

(c
as

es
/c

on
tr

ol
s)

H
W

E 
(P

)

C
as

es
Co

nt
ro

ls

G
G

G
A

A
A

M
A

F
G

G
G

A
A

A
M

A
F

A
m
br
in
	F
at
im
a

20
17

Pa
ki

st
an

/
D

en
m

ar
k

Pa
ki

st
an

i
A
BI
	3
13
0X
L	
ge
ne
tic
	a
na
ly
ze
r

49
4/
29
8

>0
.0
5

39
3

84
17

0.
11

9
23
5

54
9

0.
12

1

EK
	G
re
en

20
10

U
K

Eu
ro

pe
an

A
ff
ym
et
rix
	a
ss
ay

47
9/

29
36

>0
.0
5

20
5

20
8

66
0.
35
5

1,
36

7
1,

23
3

33
6

0.
32

4

Fa
nf
an
	Z
he
ng

20
14

C
hi
na

C
hi
ne
se

Ta
qM
an
	S
N
P	
ge
no
ty
pi
ng
	a
ss
ay

5,
89
3/
63
19

>0
.0
5

5,
23
9

63
5

19
0.
05
7

5,
70
6

59
7

16
0.
05
0

Fa
ng
lin
	G
ua
n

20
14

C
hi
na

C
hi
ne
se

Th
e	
Se
qu
en
om
	M
as
sA
RR
AY

1,
43
0/
15
70

>0
.0
5

1,
06

1
34

3
26

0.
13
8

1,
22

3
32

7
20

0.
11

7

G
ai
	G
ua
nc
he

20
17

C
hi
na

C
hi
ne
se

U
nk
no
w
n

1,
37
2/
10
87

>0
.0
5

1,
22

9
14

0
3

0.
05
3

1,
00

3
80

4
0.

04
1

H
iro
ak
i	H
or
i

20
12

Ja
pa
n

Ja
pa
ne
se

Ta
qM
an
	5
9‐
ex
on
uc
le
as
e	
al
le
lic
	

di
sc

rim
in

at
io

n 
as

sa
y

55
2/
11
32

>0
.0
5

48
0

70
2

0.
06

7
1,

00
2

12
7

3
0.
05
9

Ku
an
ju
n	
H
e	

20
13
)

20
13

C
hi
na

C
hi
ne
se

Ta
qM
an
	S
N
P	
G
en
ot
yp
in
g	

A
ss
ay
s

1,
23
0/
12
28

>0
.0
5

99
6

22
0

14
0.

10
1

1,
05
3

16
6

9
0.
07
5

M
	N
ye
ga
ar
d

20
10

D
en

m
ar

k
Eu

ro
pe

an
th
e	
Se
qu
en
om
	M
as
sA
RR
AY

97
6/
14
89

>0
.0
5

40
2

44
4

13
0

0.
36

1
65
6

67
5

15
8

0.
33

3

Q
iu
m
ei
	Z
ha
ng

20
12

C
hi
na

C
hi
ne
se

Ta
qm
an
	a
lle
le
‐s
pe
ci
fic
	a
ss
ay
s

31
8/
40
1

>0
.0
5

28
0

37
1

0.
06

1
35
7

42
2

0.
05
7



     |  5 of 8ZHU et al.

F I G U R E  2  Meta‐analysis	for	the	association	of	rs1006737	with	schizophrenia	in	the	European	population	and	Asian	population
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the	Asian	population,	only	two	models	(GG	vs.	GA	+	AA	and	G	vs.	
A)	showed	a	significant	difference	with	schizophrenia.	Therefore,	
the	overall	meta‐analysis	proves	that	there	 is	a	significant	asso‐
ciation	 between	 rs1006737	 and	 schizophrenia,	 and	 allele	 A	 of	
rs1006737 is associated with the risk for schizophrenia at a com‐
parable power within both populations. Our results are consistent 
with	most	 previous	 studies	 (Jiang	 et	 al.,	 2015;	Nie	 et	 al.,	 2015;	
Zheng	et	al.,	2014).

Considering	 the	 difference	 in	 the	 minimum	 allele	 frequencies	
(MAF)	in	each	study,	ranging	from	0.041	in	Han	Chinese	populations	
to 0.333 in European populations, we conducted heterogeneity anal‐
ysis.	To	our	surprise,	no	heterogeneity	was	found	in	our	meta‐analysis	
between	European	and	East	Asian	ancestries.	Similarly,	heterogeneity	
analysis	was	performed	on	Asian	and	European	populations	separately,	
and	 the	 same	 results	were	 obtained.	 In	 addition,	 our	meta‐analysis	
showed no publication bias.

There are, however, limitations to the interpretation of our results. 
First, there are few studies included. Due to insufficient information 
provided in the original literature, several articles were not included 
in	 the	meta‐analysis.	 Future	 research	 should	 include	 as	much	 infor‐
mation as possible for more realistic results. Second, because the 

current	research	is	only	in	Europe	and	Asia,	the	relationship	between	
rs1006737 and schizophrenia in other ethnic groups cannot be de‐
termined. Therefore, there is an urgent need to conduct research on 
American,	Oceanian,	 and	African	 populations	 to	 understand	 the	 re‐
lationship between CACNA1C rs1006737 and schizophrenia in the 
world's	populations.

Our findings contributed important evidence for the establish‐
ment of CACNA1C as a susceptibility gene for schizophrenia across 
world populations, but further investigations on its role in the patho‐
genesis of schizophrenia are warranted.
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