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It has been reported that prevalence estimates,
symptom presentation, and sociocultural risk and

protective factors for depression differ between
Caucasian and East Asian populations. But,
 nonetheless, as the vast majority of twin studies of
depression symptoms have been carried out using
Caucasians, genetic and environmental influences on
depression symptoms in East Asians remain poorly
understood. In the present study, the Center for
Epidemiologic Studies — Depression Scale (CES-D)
was administered to 490 pairs of South Korean ado-
lescent and young adult twins (ages: 13–23 years) by
telephone interview. In males, monozygotic (MZ) and
dizygotic (DZ) twin correlations were similar (.44 vs.
.41), suggesting the importance of shared environ-
mental factors in depression symptoms. In females,
however, MZ twin correlation was much greater
than DZ twin correlation (.40 vs. .23), indicating the
importance of genetic influences. The total pheno-
typic variance for the CES-D was greater in females
than in males. Variance components model con-
firmed sex differences in the magnitude of genetic
and environmental influences on depression symp-
toms: Additive genetic, shared environmental, and
individual specific environmental effects in the full
model were, res pectively, 12% (95% CI: 0–54%),
32% (95% CI: 0–53%), and 56% (95% CI: 44–70%)
in males, and 41% (95% CI: 0–52%), 0% (95% CI:
0–36%), and 59% (95% CI: 48–72%) in females.
Similar results were observed when ‘culturally
biased’ items of the CES-D were separately ana-
lyzed. These variance components estimates for
depression symptoms in East Asians overlap those
observed in Caucasians.

Depression is one of the most common diseases and
estimated to become the second most debilitating
disease worldwide in 2020 (Murray & Lopez, 1996).
Self-reported symptoms of depression have shown to
be stable over time (Duncan-Jones et al., 1990) and
strongly predict a clinical diagnosis of depression

(Myers & Weissman, 1980; Roberts & Vernon,
1983). Twin studies of depression symptoms have
suggested that genetic factors explain approximately
20% to 40% of the variance, with most of the
remainder being attributed to individual specific
environmental factors (Agrawal et al., 2004; Kendler
et al., 1994; Jansson et al., 2004; Silberg et al.,
1999; Sullivan et al., 2000). However, as twin
studies of depression symptoms to date almost
entirely employed Caucasian samples, it is necessary
to understand whether the results can be generalized
to other ethnic groups, especially to a genetically
and culturally markedly different group such as
South Koreans.

Cross-national epidemiological survey data have
generally identified a lower rate of major depression
in East Asian countries as compared to that in other
countries. For example, the lifetime prevalence rates
of major depression have been reported to be 1.5% in
Taiwan, compared to 19.0% in West Germany and
5.8% in New Zealand (Weissman et al., 1996).
Among South Koreans, the lifetime prevalence rate of
major depression has been estimated to be 3.4% (Lee,
1994). It has been suggested that sociocultural factors
in East Asian societies provide some protection
against becoming depressed, leading to a lower
prevalence of depression. These factors include
characteristics of the collectivist culture such as strong
family social support and interdependence, values for
the maintenance of group harmony, and collective
responsibility. Confucian values in most East Asian
societies such as high tolerance for distressing
circumstances and emotional control can also
reinforce individuals to successfully cope with stress
that may precipitate depression (Tseng & Wu, 1985;
Xu, 1987).
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W
hile som

e investigators have argued that there exist
factors that protect against depression in E

ast A
sian soci-

eties, others have suggested that
differences in reporting

sym
p

to
m

s o
f d

ep
ressio

n
 b

etw
een

 E
ast A

sian
s an

d
C

aucasians m
ay have led to low

er prevalence estim
ates

of depression in E
ast A

sian countries com
pared to those

in C
aucasian countries.

For exam
ple, after a review

 of
the literature, Parker et al. (2001) concluded that E

ast
A

sian
s ten

d
ed

 to
 d

en
y d

ep
ressio

n
 an

d
 ex

p
ress it

som
atically in psychiatric interview

s perhaps because the
social stigm

a of m
ental illness w

as high and com
plaints

of physical problem
s w

ere m
ore socially acceptable than

those of em
otional distress in m

ost E
ast A

sian societies.
Interestingly, w

hen sym
ptom

s of depression w
ere

m
easured as specific questions rather than as open-ended

psychiatric interview
s, E

ast A
sians often scored higher

than did N
orth A

m
ericans (e.g., Takeuchi et al., 1994).

In com
pariing

the Japanese and A
m

ericans, Iw
ata and

his colleagues (1994, 1995, 2002) found that on posi-
tively w

orded item
s of the depression questionnaire, the

Japanese had a tendency to inhibit the expression of
positive affect, w

hereas A
m

ericans tended to
express

p
o

sitive affect w
ith

o
u

t h
esitatio

n
; o

n
 n

egatively
w

o
rd

ed
 item

s, h
o

w
ever, resp

o
n

se p
attern

s w
ere

com
parable in the tw

o groups. Sim
ilar response ten-

d
en

cies in
 th

e p
sych

iatric ratin
g scales h

ave b
een

reported for K
oreans in South K

orea (C
ho &

 K
im

,
1998) and K

orean im
m

igrants in C
anada (N

oh
et al.,

1
9

9
8

).
Iw

ata et al. (1
9

9
8

) ex
am

in
ed

 sco
res o

f th
e

depression scale in Japanese psychiatric patients and
norm

al controls and concluded that the high scores of
the Japanese in the depression scale w

ere m
ore likely

due to their control of expression of positive affects
than to their lacking in positive feeling. Iw

ata et al.
(1998) argued that Japanese had

been taught since
childhood to understate their ow

n virtues and not to
behave assertively, resulting possibly in being less sen-
sitive to positive self-relevant inform

ation.
T

he higher prevalence of depression sym
ptom

s in
fem

ales than m
ales is very w

ell established in psychiatric
literature

w
orldw

ide. H
ow

ever, w
hether genetic and

environm
ental factors exert a sim

ilar m
agnitude of

influence
in m

ales
and fem

ales
is

still inconclusive. For
exam

ple, R
ice et al. (2002) and E

ley and Stevenson
(1999) found that genetic

effects w
ere m

ore substantial
in adolescent boys than in adolescent girls, and shared
en

viro
n

m
en

tal
effects w

ere m
o

re im
p

o
rtan

t fo
r

adolescent girls than for adolescent boys. H
ow

ever, these
findings contrasted

w
ith results of the tw

in study by
Silberg et al. (1999) and Scourfield et al. (2003), w

here
genetic influences w

ere found to be higher in girls than
in boys during adolescence. M

ixed results have been
reported from

 the adult and elderly tw
in sam

ples also.
For exam

ple, w
hereas K

endler et al. (1994) and
A

graw
al

et al. (2004) found no significant sex differences in
gen

etic an
d

 en
viro

n
m

en
tal

facto
rs in

 d
ep

ressio
n

sym
ptom

s am
ong adults, K

endler et al. (2006) and
Jansson et al. (2004) show

ed that genetic factors in
depressive sym

ptom
s w

ere higher in fem
ales than in

m
ales. T

hese inconsistent findings point to a need for
further studies on gender differences in genetic and envi-
ro

n
m

en
tal

effects o
n

 d
ep

ressive sym
p

to
m

s. If th
e

etio
lo

gy o
f d

ep
ressio

n
 sym

p
to

m
s is q

u
ite d

ifferen
t

betw
een the tw

o sexes, this has im
portant im

plications
for gene identification studies as w

ell as for research
aim

ed at developm
ent of strategies for prevention and

treatm
ent of depressive sym

ptom
s in m

ales and fem
ales.

T
he m

ajor goal of the present study, therefore, w
as to

estim
ate genetic and environm

entaleffects on depression
sym

ptom
s in South K

orean adolescent and young adult
tw

ins, w
ith a special em

phasis on sex difference.

M
aterials and M

ethods
Sam

ple

T
he present sam

ple w
as draw

n from
 the South K

orean
Tw

in R
egistry (SK

T
R

; H
ur et al., 2006). T

he SK
T

R
 is a

nationw
ide volunteer tw

in registry that includes tw
ins

from
 infants to young adults. In 2006, as part of the

SK
T

R
 m

ental health project, a K
orean version of

the
C

enter for E
pidem

iologic Studies
—

 D
epression Scale

(C
E

S-D
; R

adloff, 1977) w
as

given to the tw
ins w

ho
w

ere aged
13 years or older and living in the greater

Seoul area at the tim
e of interview

.
T

w
in

s’ zygo
sity w

as d
eterm

in
ed

 fro
m

 m
o

th
ers’

responses to a zygosity questionnaire that includes
q

u
estio

n
s regard

in
g p

h
ysical sim

ilarities an
d

 fre-
quency of confusion of the tw

ins by fam
ily m

em
bers

and others.
W

hen com
pared to the analysis of D

N
A

m
ark

ers, th
is q

u
estio

n
n

aire m
eth

o
d

 to
 d

eterm
in

e
zygo

sity h
as yield

ed
 o

ver 9
0

%
 accu

racy in
 A

sian
tw

in sam
ples (O

oki et al.,
1993). To

m
inim

ize m
is-

classification of zygosity, how
ever, 28 pairs of the

tw
in

s w
h

o
 w

ere am
b

igu
o

u
s in

 zygo
sity w

ere
excluded from

 data analyses.
T

he final sam
ple for the present analyses included

4
9

0
 p

airs o
f tw

in
s co

n
sistin

g o
f 1

9
7

 m
o

n
o

zygo
tic

fem
ale (M

Z
F), 56 dizygotic fem

ale (D
Z

F), 145 M
Z

m
ale (M

Z
M

), 41 D
Z

m
ale (D

Z
M

), and 51 pairs of
opposite-sex D

Z
(O

SD
Z

) tw
ins. L

ow
er rates of D

Z
 as

com
pared to M

Z
 tw

ins in the present study reflect low
D

Z
 tw

in birth rates in South K
orea (H

ur &
 K

w
on,

2005). T
he age of the present sam

ple ranged from
 13 to

23 years, w
ith a m

ean of 16.8 years and standard
 deviation

of 2.6 years.

M
easure

T
he C

E
S-D

 is a w
ell-established self-report m

easure of
sym

ptom
s of depression in the general population. It

co
n

sists o
f 2

0
 item

s rep
resen

tin
g sym

p
to

m
s o

f
depressive disorder. R

espondents w
ere asked to rate the

frequency w
ith w

hich they experienced each of the 20
sym

p
to

m
s d

u
rin

g th
e w

eek
 p

rio
r to

 th
e in

terview
.

R
esponses ranged from

 ‘rarely or none of the tim
e’

to
‘m

ost or all of the tim
e’. A

nsw
ers for the 20 item

s w
ere

sum
m

ed to calculate a total. Prior to calculating a total,
four item

s stated positively w
ere reverse scored. T

he
reliability and validity of the K

orean version of the
C

E
S-D

 have been w
ell established (C

ho &
 K

im
, 1993,
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 D
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p
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w
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3
0
8

T
w

in
 R

e
s
e
a
rc

h
 a

n
d

 H
u

m
a
n

 G
e
n

e
tic

s
Ju

n
e 2008

Yo
o

n
-M

i H
u

r

1998). T
he internal consistency reliability for all 20

item
s w

as
.86 in the present sam

ple.

Statistical A
nalyses

T
o

 fu
lfill th

e go
als o

f th
e p

resen
t stu

d
y, tw

in
co

rrelatio
n

s fo
r th

e five gro
u

p
s o

f tw
in

s w
ere

com
puted and the general sex-lim

itation m
odel (N

eale
&

 C
ardon, 1992) w

as fit to the tw
in data using the

raw
 d

ata o
p

tio
n

 in
 M

x
 (N

eale et al., 2
0

0
3

). F
o

r
co

rrelatio
n

al an
d

 m
o

d
el-fittin

g an
alyses, age w

as
treated as a covariate to control its m

ain effect.
In the general sex-lim

itation m
odel, the phenotypic

variance of the depression score is decom
posed into

th
ree 

so
u

rces: 
ad

d
itive 

gen
etic 

(A
), 

sh
ared

en
viro

n
m

en
tal 

(C
), 

an
d

 
in

d
ivid

u
al 

sp
ecific

en
viro

n
m

en
tal (E

) facto
rs. M

easu
rem

en
t erro

r is
confounded w

ith the E
 factors. T

he A
 factors, the sum

of the average effect of all genes that influence a trait,
correlated at 1.0 and .5 for M

Z
 and sam

e-sex D
Z

tw
ins, respectively. For O

SD
Z

 tw
ins,

how
ever,

the
co

rrelatio
n

 fo
r th

e A
 facto

rs w
as

allo
w

ed
 to

vary
betw

een 0 and .5, assum
ing that som

e of the genes
th

at 
d

eterm
in

e 
d

ep
ressive 

sym
p

to
m

s 
m

ay 
b

e
qualitatively different betw

een m
ales and fem

ales. T
he

C
 factors, those environm

ental
factors that the tw

o
m

em
bers

of a tw
in pair share, correlated at 1.0 for

b
o

th
 M

Z
 an

d
 D

Z
 tw

in
s. F

in
ally, th

e E
 facto

rs,
environm

ental factors that are unique to each m
em

ber
o

f a tw
in

 p
air an

d
 m

easu
rem

en
t erro

r, d
o

 n
o

t
co

n
trib

u
te to

 th
e tw

in
 sim

ilarity an
d

 th
erefo

re,
represent the rem

aining variance not explained by
additive

genetic
and shared environm

ental
factors. In

th
e gen

eral sex
-lim

itatio
n

 m
o

d
el, A

, C
, an

d
 E

param
eters w

ere allow
ed to differ betw

een m
ales and

fem
ales (A

m
≠

A
f , C

m
≠

C
f , &

 E
m
≠

 E
f ), assum

ing that
the m

agnitudes of additive genetic and shared and
in

d
ivid

u
al sp

ecific en
viro

n
m

en
tal in

flu
en

ces o
n

depression sym
ptom

s m
ay vary in m

ales and fem
ales.

T
o

 ch
o

o
se th

e b
est

fittin
g, m

o
st p

arsim
o

n
io

u
s

m
odel, tw

o m
ajor steps w

ere taken. First, the fit of the
general sex-lim

itation m
odel w

as com
pared

to that of
the saturated m

odel w
here variances and m

eans of the

first- and the second-born M
Z

 and D
Z

 tw
ins w

ere
allo

w
ed

 to
 vary. N

ex
t, th

e fit o
f th

e gen
eral

sex
-

lim
itation m

odel w
as com

pared to the fit of a series of
reduced m

odels. T
hree different kinds of constraints

w
ere m

ade in the reduced m
odels. First, the additive

genetic correlation for O
SD

Z
 tw

ins w
as fixed to .5 to

ex
am

in
e th

e p
resen

ce o
f th

e sex
-sp

ecific gen
es fo

r
depression sym

ptom
s. Second, the m

agnitudes of A
,

C
, and E

 param
eters w

ere equated across sexes to test
sex

 d
ifferen

ce in
 th

e estim
ates o

f gen
etic an

d
environm

ental influences on depression sym
ptom

s.
Finally, the A

 or C
 param

eter w
as elim

inated from
 the

fu
ll m

o
d

el to
 d

eterm
in

e th
e sign

ifican
ce o

f each
param

eter in m
ales and fem

ales. T
he E

 param
eter w

as
n

o
t 

rem
o

ved
 

b
ecau

se 
m

easu
rem

en
t 

erro
r 

w
as

confounded w
ith the E

 param
eter.

Tw
o criteria w

ere used to choose the best
fitting,

m
ost parsim

onious m
odel: the likelihood ratio test

(L
R

T
) and the A

kaike inform
ation criterion (A

IC
 = χ

2

–
2df). T

he raw
 data option in

M
x calculates tw

ice the
negative log-likelihood (–2L

L
) of

the data. A
s

the
dif-

ference in –2L
L

is chi-square distributed
w

ith degrees
o

f freed
o

m
 eq

u
al to

 th
e d

ifferen
ce in

d
egrees o

f
freedom

, L
R

T
 w

as applied to evaluate the significance
of the constraint w

hen tw
o m

odels w
ere nested. A

nonsignificant change in chi-square betw
een the full

and constrained m
odels

suggests that the reduction in
param

eter is acceptable, w
hereas a significant change

indicates that the param
eter should be retained in the

m
odel. A

IC
 quantifies the inform

ation content of a
m

o
d

el in
 term

s o
f th

e jo
in

t criterio
n

 o
f fit an

d
parsim

ony (A
kaike, 1987).

T
hus, the sm

aller the A
IC

,
the better the fit of the m

odel to the data. W
hen tw

o
m

o
d

els w
ere n

o
t n

ested
, th

e m
o

d
el th

at yield
ed

 a
low

er A
IC

 w
as chosen as a m

ore parsim
onious m

odel.

R
esults

D
escriptive Statistics and Tw

in Correlations

T
ab

le 1
 p

resen
ts m

ean
s, stan

d
ard

 d
eviatio

n
s, an

d
m

ax
im

u
m

 lik
elih

o
o

d
 co

rrelatio
n

s an
d

 th
eir 9

5
%

confidence intervals (C
I) for C

E
S-D

 for the five tw
in

Table 1

Sam
ple Size, M

ean, Standard Deviation, and M
axim

um
 Likelihood Correlations

1and their95%
 Confidence Intervals

for the CES-D in the Five
Groups of Tw

ins

M
ZM

DZM
M

ZF
DZF

OSDZ
Total

N
(pairs)

145
41

197
56

51
490

Age range (years)
13–23

13–23 
13–23

13–22
13–21

13–23
CES-D
M

ean
14.3

15.6
17.7

18
16.2

16.4
SD

8
8.9

9.1
10.8

8.1
9

r
.44 (.3–.56)

.41 (.13–63)
.40 (.27–.51)

.23 (–.03–.46)
.01 (–.26–.28)

N
ote:

95%
 confidence intervals are in parenthesis. CES-D = Center for Epidem

iologic Studies-Depression Scale.

M
ZM

 = m
ale m

onozygotic tw
ins, DZM

 = m
ale dizygotic tw

ins, M
ZF = fem

ale m
onozygotic tw

ins,

DZF = fem
ale dizygotic tw

ins, OSDZ = opposite-sex DZ tw
ins. 95%

 CI for tw
in correlations are in parenthesis.

1 Tw
in correlations w

ere corrected for age.



3
0
9

T
w

in
 R

e
s
e
a
rc

h
 a

n
d

 H
u

m
a
n

 G
e
n

e
tic

s
Ju

n
e 2008

S
e
x
 D

iffe
re

n
c
e
s
 in

 D
e
p

re
s
s
io

n
 S

y
m

p
to

m
s
 in

 S
o

u
th

 K
o

re
a
n

 T
w

in
s

groups. In spite of the predom
inance of low

 frequency
sym

p
to

m
s, th

ere w
ere su

fficien
t variab

ility in
 th

e
m

o
d

erate an
d

 u
p

p
er ran

ges o
f th

e d
istrib

u
tio

n
 to

perm
it analysis w

ithout a transform
ation of the scale

(skew
ness = .88).

T
he first-born tw

ins w
ere not different from

 the
seco

n
d

-b
o

rn
 tw

in
s in

 term
s o

f m
ean

 o
r varian

ce,
suggesting no birth order effects on C

E
S-D

. In both
m

ales and fem
ales, M

Z
 tw

ins w
ere not significantly

different from
 D

Z
 tw

ins in the m
ean score of C

E
S-D

.
V

ariances w
ere not significantly different betw

een M
Z

and D
Z

 tw
ins in m

ales, but they w
ere different in

fem
ales (D

Z
 > M

Z
). A

ge w
as significantly positively

co
rrelated

 w
ith

 C
E

S-D
 (r

=
 .2

1
), su

ggestin
g th

at
depression sym

ptom
s increase w

ith age. C
onsistent

w
ith

 th
e literatu

re o
f d

ep
ressio

n
, fem

ales w
ere

significantly higher than m
ales in the m

ean score of
C

E
S-D

. T
he variance for C

E
S-D

 w
as also higher in

fem
ales than in m

ales.
In

 m
ales, M

Z
 an

d
 D

Z
 tw

in
 co

rrelatio
n

s w
ere

sim
ilar, suggesting the im

portance of shared environ-
m

ental factors in depression sym
ptom

s for m
ales. In

fem
ales, how

ever, the M
Z

 tw
in correlation w

as m
uch

greater than the D
Z

 tw
in correlation, indicating the

im
portance of genetic influences. T

hese results pro-
vided suggestive evidence for sex differences in the
m

agnitude of genetic and environm
ental influences on

depression sym
ptom

s. T
he O

SD
Z

 tw
in correlation

w
as consistently low

er than either the m
ale or fem

ale
sam

e-sex D
Z

 tw
in correlation, suggesting som

e indica-
tion of sex-specific genes for depression sym

ptom
s.

T
hese observations from

 correlational analyses w
ere

tested in m
odel-fitting analyses below

.

M
odel-Fitting A

nalyses

Table 2 provides m
odel-fitting results for C

E
S-D

. T
he

difference in fit betw
een the saturated and generalsex-

lim
itatio

n
 m

o
d

el w
as n

o
t sign

ifican
t (χ

2
1

6
=

 2
1

.8
,

p
>

.1
0

),
su

ggestin
g th

at th
e d

ata d
o

 n
o

t d
ep

art
significantly from

 the general sex-lim
itation m

odel. In
the full m

odel, additive genetic, shared environm
ental,

and individual specific environm
ental factors w

ere,
respectively, 12%

 (95%
 C

I: 0–54%
), 32%

 (95%
 C

I:
0–53%

), and 56%
 (95%

 C
I: 44–70%

) for m
ales, and

41%
 (95%

 C
I: 0–52%

), 0%
 (95%

 C
I: 0–36%

), and
59%

 (95%
 C

I: 48–72%
) for fem

ales. C
onsistent w

ith
co

rrelatio
n

al an
alyses, th

ese resu
lts su

ggested
 th

at
additive genetic

factors w
ere higher and shared environ-

m
entalfactors w

ere low
er in fem

ales than in m
ales.

W
h

en
 th

e ad
d

itive gen
etic co

rrelatio
n

 fo
r th

e
O

SD
Z

 tw
in correlation w

as set at .5, a nonsignificant
ch

an
ge in

 ch
i-sq

u
are o

ccu
rred

 (M
o

d
el 2

). W
h

en
additive genetic and shared and individual specific
en

viro
n

m
en

tal
facto

rs w
ere eq

u
ated

 acro
ss sex

es,
how

ever, a significant change in chi-square occurred
(M

odel 3), suggesting that the m
agnitudes of these

facto
rs 

m
ay 

b
e 

d
ifferen

t 
b

etw
een

 
tw

o
 

sex
es.

E
lim

ination of additive genetic factors for m
ales and

fem
ales sim

ultaneously from
 M

odel 2, w
hile equating

individual specific environm
ental

factors across tw
o

Table 2

Model-Fitting Results for CES-D1

Goodness of fit indices Parameter Estimates

Model Description –2LL df ∆χ2 ∆df p AIC Am Cm Em Af Cf Ef

1 General sex-limitation 6944.8 970 5004.8 .12 .32 .56 .41 .00 .59
2 raO= .5 for OSDZ twins 6944.9 971 0.1 1 .86 5002.9 .10 .33 .56 .39 .02 .59
3 raO = .5 for OSDZ twins; Am = Af, Cm = Cf, & Em = Ef 6959.6 974 14.8 4 .00 5011.6 .42 .00 .58 .42 .00 .58
4 raO = .5 for OSDZ twins; Drop Am & Af; Em = Ef 6963.2 974 18.4 4 .00 5015.2 — .27 .73 — .39 .61
5 raO = .5 for OSDZ twins; Drop Cm & Cf ; Em = Ef 6954.0 974 9.2 4 .06 5006.0 .34 — .66 .47 — .53
6 raO = .5 for OSDZ twins; Drop Am & Cf; Em = Ef 6950.2 974 5.4 4 .25 5002.2 — .34 .66 .47 — .53

Note: The results for the general sex-limitation and the best fitting model are indicated in bold. OSDZ = opposite-sex dizygotic twins.

ra = additive genetic correlation, A = additive genetic factors, C = shared environmental factors, E = individual specific environmental factors. Subscripts, m and f indicate males and females, respectively. CES-D = Center for Epidemiologic Studies-
Depression Scale: fixed to zero. 
1 Age was treated as a covariate in all models.



sexes resulted in a significant w
orsening of fit (M

odel
4); rem

oving of shared environm
entalfactors, how

ever,
p

ro
d

u
ced

 a n
o

n
sign

ifican
t ch

an
ge in

 ch
i-sq

u
are,

although the p
value for the chi-square w

as borderline
(M

odel 5). In M
odel 6, additive genetic factors for

m
ales and shared environm

ental
factors for fem

ales
w

ere dropped from
 M

odel 2, w
hile individual specific

environm
ental

factors w
ere equated across sexes. T

he
ch

i-sq
u

are ch
an

ge in
 M

o
d

el 6
 w

as n
o

t sign
ifican

t.
T

hese results suggested that both M
odels 5 and 6 w

ere
acceptable

but since the A
IC

 w
as low

er in M
odel 6

than in M
odel 5,M

odel 6
w

as judged to be
the best

fit.
U

nder M
odel 6, additive genetic, shared environm

ental,
and individual specific environm

ental
factors w

ere,
respectively, 0%

, 34%
 (95%

 C
I: 24–45%

), and 66%
(95%

 C
I: 55–76%

) for m
ales, and 47%

 (38–56%
), 0%

and 53%
 (44–62%

) for fem
ales.

D
iscussion

T
his study is the first to report genetic and environm

en-
tal influences on depression sym

ptom
s using the general

population sam
ple of South K

orean tw
ins. In spite of

the differences in sym
ptom

 presentation, prevalence
estim

ates of depression, and sociocultural risk and
protective factors betw

een E
ast A

sian and W
estern

societies, the estim
ates of genetic and environm

ental
contributions to depression sym

ptom
s found in the

present sam
ple

w
ere broadly in the range of

those
estim

ated from
W

estern tw
in sam

ples.
A

s m
entioned

earlier, the C
E

S-D
 includes four item

s w
orded positively.

T
he sum

 of the four item
s in the present sam

ple w
as

norm
ally distributed (skew

ness = .01, K
urtosis = –.45)

and ranged from
 zero to 12, suggesting that there are

sufficient variations in responses to these four item
s in

spite of the contention that E
ast A

sians tend to suppress
the expression of positive affects. M

odel-fitting analyses
w

ere conducted using the four item
s only. A

 sim
ilar

pattern of sex difference in variance com
ponents w

as
observed in the full general sex-lim

itation m
odel and its

various reduced m
odels. A

dditive genetic, and shared
and individual specific environm

ental influences on the
sum

 of the four item
s in the sam

e reduced m
odel used

for the full scale w
ere, respectively, 0, .30, and .70 in

m
ales, an

d
 .2

6
, .0

, an
d

 .7
4

. T
h

e sligh
tly lo

w
er

heritability estim
ate in fem

ales and the low
er shared

environm
ental influences in m

ales found from
 these

four positively scored item
s are probably due to the

low
er reliability associated w

ith the reduction in the
num

ber of item
s. It is interesting to note that genetic

influences em
erge even w

hen depression sym
ptom

s are
m

easured by culturally biased item
s.

Sex
 d

ifferen
ces in

 gen
etic an

d
 en

viro
n

m
en

tal
influences on depression sym

ptom
s found in the present

study w
ere consistent w

ith the results of tw
in studies 

by Silberg et al. (1999), Scourfield et al. (2003), and
Jansson et al. (2004), but not w

ith those by K
endler 

et al. (1994) and A
graw

al et al. (2004). T
he results 

of this study show
ed that the total phenotypic and

unstandardized genetic variances w
ere greater in fem

ales

th
an

 in
 m

ales, su
ggestin

g th
at so

m
e o

f th
e gen

etic
m

echanism
 for depression sym

ptom
s m

ay differ across
tw

o sexes.
For the last tw

o decades, num
erous studies have

attem
pted to locate genes contributing to depression. So

far, the 5-H
T

 (serotonin) system
 has received the m

ost
attention for its involvem

ent in depressive sym
ptom

s.
Staley et al. (2006) found that  diencephalon 5-H

T
 trans-

porter availability w
as decreased m

ore m
arkedly in

fem
ale than in m

ale depressed patients, suggesting that
serotonergic m

echanism
s m

ediating depressed m
ood

m
ay differ betw

een m
ales

and fem
ales. A

nother possibil-
ity is that som

e factors like horm
onal changes in fem

ales
enhance gene expression, resulting in higher genetic
factors in fem

ales than in m
ales. Seem

an (1997) argued
that the cyclic fluctuation of off-and-on binding to
intranuclear estrogen receptors in the brain m

ay render
fem

ales
vulnerable to stress, w

hich confers susceptibility
to depression.

Shared environm
entalfactors know

n to contribute to
depression sym

ptom
s include cold parenting, low

 level
of fam

ily social
support, fam

ily conflicts, and other
disturbed fam

ily environm
ents

(G
oldberg, 2006). T

he
results of the present

study suggest that these fam
ily

environm
ental

risk factors have m
ore pow

erful im
pacts

on the expression of depression in m
ales than in fem

ales
during adolescence and young adulthood. If replicated in
a larger sam

ple, these results w
ill call for future research

to investigate w
hat those m

ale-specific shared environ-
m

entalfactors are and how
 those factors exert influences

on depression sym
ptom

s in m
ales during adolescence

and young adulthood.
T

he largest variance com
ponent found to explain

individual difference in depressive sym
ptom

s in the
present study w

as individual specific environm
ental

factors. E
xam

ples of individual specific environm
ental

risk factors for depression sym
ptom

s during adolescence
and young adulthood include stressful life events such as
separation from

 friends and m
ates. Several investigators

have suggested that genes interact w
ith these environ-

m
ental risk factors (G

 ×
E

) in developing depression
(E

aves et al., 2003; R
ice et al., 2003). For exam

ple,
C

aspi et al. (2003) dem
onstrated that as com

pared to
carriers of the long alleles of the 5-H

T
 polym

orphism
s,

those of the short alleles exhibited increased vulnerabil-
ity to depression in relation to stressful life events.
A

ccording to E
aves et al. (2003), failures to take account

of G
 ×

E
 interaction effects in the tw

in m
odel m

ay lead
to an overestim

ation of the individual specific environ-
m

ental variance com
ponent (E

aves et al., 2003; R
ice et

al., 2003).
T

hus, som
e of the variances of individual

specific environm
ental factors in m

ales and fem
ales

found in the present study m
ay include a G

 ×
E

 com
po-

nent. It w
ould be interesting in future study to explore

environm
ental risk factors specific to South K

orean
adolescents and young adults and investigate how

 these
risk

 facto
rs in

teract w
ith

 gen
etic vu

ln
erab

ility to
express depression sym

ptom
s.

T
here are som

e lim
itations in this study that deserve

m
ention. First, tw

ins w
ho participated in the present

3
1
0
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w
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e
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a
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h
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n
d

 H
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m
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study w
ere volunteers residing in the greater Seoul area,

and thus, m
ay not be a representative sam

ple of South
K

orean adolescents and young adults. T
he m

ean score of
the C

E
S-D

 in the present sam
ple w

as higher than that
reported by K

im
 et al. (2000) w

ho studied the C
E

S-D
 in

a nationw
ide singleton sam

ple aged betw
een 15 and

19 years (16.4 vs. 12.8). H
ow

ever, given that the C
E

S-
D

 data w
ere collected in 1995 in the K

im
 et al. study,

w
hile the present data w

ere collected in 2006, the m
ean

difference betw
een the K

im
 et al. and the present study is

likely to reflect a secular increase in reporting sym
ptom

s
of depression in South K

orean population (O
hayon &

H
ong, 2006).

Second, as the sam
ple size w

as lim
ited, the present

analyses w
ere carried out in a com

bined sam
ple of ado-

lescents and young adults, controlling for the m
ain

effects of age. L
au and E

ley (2006) exam
ined continu-

ities an
d

 ch
an

ges in
 gen

etic an
d

 en
viro

n
m

en
tal

influences on depressive sym
ptom

s across adolescence
and young adulthood in a longitudinal tw

in sam
ple.

T
he authors found that although new

 genes and indi-
vidual specific environm

ental factors em
erged w

ith age,
overall, the m

agnitudes of genetic and environm
ental

effects w
ere fairly consistent across adolescence and

young adulthood.
T

hird, although sex differences in genetic and envi-
ronm

entalinfluences w
ere detected in the present study,

th
e sam

p
le, esp

ecially th
e D

Z
 tw

in
 sam

p
le w

as
relatively sm

all to draw
 a firm

 conclusion. T
he absence

of genetic effects in m
ales in the best

fitting m
odel w

as
som

ew
hat

inconsistent w
ith results from

 prior studies,
and is likely to reflect insufficient statistical pow

er in
the present study. T

hus, replication of the present find-
in

gs in
 a larger E

ast A
sian

 tw
in

 sam
p

le is clearly
needed. Fourth, in the present study, depressive sym

p-
tom

s w
ere m

easured by a questionnaire, the C
E

S-D
.

T
he C

E
S-D

 is m
ore of a ‘state’ than ‘trait’ m

easure, as
responses reflect frequency of experiencing a sym

ptom
during the last w

eek. A
lthough the C

E
S-D

 has been
show

n to predict a clinical diagnosis of depression
(M

yers &
 W

eissm
an, 1980; R

oberts &
 V

ernon, 1983),
caution is necessary w

hen the results of the present
study are generalized to depressive disorders in clinical
settings.

Finally, the C
E

S-D
 data in the present sam

ple
w

ere collected through telephone interview
s. A

lthough
face-to-face interview

 m
ethods are often considered

best in assessm
ent of psychiatric illnesses, prior studies

have supported the com
parability of telephone and

face-to-face interview
s in assessm

ent of m
ental illnesses

(R
ohde et al., 1997; Sobin et al.,1993).
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