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According to the Sasang theory, humans can be categorized into one of the four Sasang constitution (SC)
types. The four SC types are Tae-Yang (TY), Tae-Eum (TE), So-Yang (SY), and So-Eum (SE), which are de-
termined mainly on the basis of anthropometric characteristics, personality, and the balance of the phys-
iological functions of the major organ systems. There is a growing recognition in the complementary and
alternative medicine area that SC types have the potential to be a useful scientific tool for the prevention,
diagnosis, and treatment of diseases (Cooper, Evidence Based Complementary and Alternative Medicine,
Vol. 6 (Suppl. 1), 2009, pp. 1–3). The main purposes of the present study are to estimate genetic and
environmental influences on SC types, and to explore genetic and environmental correlations that affect
phenotypic associations among the SC types. In total, 1,742 (365 monozygotic male, 173 dizygotic male,
675 monozygotic female, 271 dizygotic female, and 258 opposite-sex dizygotic) twins (mean age = 19.1
± 3.1 year) completed a Sasang questionnaire. Univariate and multivariate model-fitting analyses were
performed. Total (additive and non-additive) genetic influences were 71% for males and 81% for females
in TE, 70% for males and 71% for females in SE, and 47% for both sexes in SY. Non-additive genetic ef-
fects were substantial, and shared environmental influences were negligible in most SC types. Multivariate
model-fitting analysis revealed that non-additive genetic and individual-specific environmental correlations
between TE and SE were -0.92 (95% CI [-0.89, -0.93]) and -0.62 (95% CI [-0.57, -0.68]), respectively. The
corresponding estimates were -0.55 (95% CI [-0.48, -0.61]) and -0.44 (95% CI [-0.37, -0.51]) between TE
and SY and 0.19 (95% CI [0.09, 0.29]) and -0.40 (95% CI [-0.32, -0.47]) between SE and SY. These results
suggest that the phenotypic associations among SC types may be mediated by pleiotropic mechanism of
genes.
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According to the Sasang constitutional (SC) theory origi-
nally developed by Lee Je Ma (1837–1900) who specialized
in Korean traditional medicine, there are four constitu-
tional types in humans and one of these four types is domi-
nant for a person from early in life (Kim & Pham, 2009; Lee
& Choi, 1996). The four SC types are Tae-Yang (TY), Tae-
Eum (TE), So-Yang (SY), and So-Eum (SE), which are de-
termined on the basis of body shape (e.g., chest, abdomen,
hip, waist, andneck), facial configuration, skin tactility (e.g.,
elasticity, roughness, andwrinkle density), voice (e.g., pitch,
frequency, speed, and resonance), personality characteris-
tics, and the balance of the physiological functions of the
major organ systems, especially respiratory (lung), digestive
(liver), urinary (kidney), and lymphatic (spleen) systems
(Kim & Pham, 2009). Recently, questionnaires and sci-
entifically standardized methods such as computer-based

analyses of body shape, 3D facial pictures and voice records
have been developed to objectivelymeasure SC types as well
as to validate the Sasang theory (Cooper, 2009; Lee et al.,
2009a).

Table 1 shows major characteristics of the four SC types.
For the TY type, the respiratory system tends to function
prominently. The TY type tends to have slender waist and
be creative, positive, and heroic. However, the TY type is
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TABLE 1
Major Characteristics, and an Informal Review of Studies of Prevalence of Diseases and GWAS of TY, TE, SY, and SE Published in English
in Peer-Reviewed Journals

Characteristics TY TE SY SE

Physique Slender waist Obese, large waist circumference Small hip, large chest Large hip, small chest
The prominently

functioning organ
system

Respiratory Digestive Lymphatic Urinary

Personality Creative,
positive,
heroic

Cautious, gentle, patient High novelty seeking,
hot-tempered

High harm-avoidance,
nervous, conscientious

Prevalence of diseases Obesity (Baek et al., 2014); Insulin
resistance (Choi et al., 2011); Diabetes
mellitus (Lee et al., 2009a);
Hypertension (Lee et al., 2011); Lower
prevalence of cancers (Lee et al., 2013);
Functional dyspepsia in females (Kim
et al., 2015)

Functional dyspepsia in
males (Kim et al., 2015)

GWAS 3q27.3 (rs10937331), GPM6A, SYT4,
GRIK1, LPP9, and CACNA1A genes
(Kim et al., 2012); APOC1, C2orf47
(Kim et al., 2017)

14q22.3 (rs12431592),
ZFP42, CDH22,
ALDH1A2, OTX2, EN2
genes (Kim et al., 2012)

15q22.2 (rs7180547),
AKAP11, PTPN2, NRP2
genes (Kim et al., 2012);
FTO (rs7193144) (Cha
et al., 2015);

Note: TY = Tae-Yang; TE = Tae-Eum; SY = So-Yang; SE = So-Eum; GWAS = genome-wide association studies.

extremely uncommon (0.1%) in many populations (Chae
et al., 2003). For this reason, TY has often been excluded
from empirical research. The TE type tends to have a large
waist circumference, perspire freely, and be cautious, gentle,
and patient. For the TE type, the function of the digestive
system tends to be prominent. The SY type is characterized
by large chest, small hip, and good bowel movement. The
function of the lymphatic system is prominent for the SY
type. In terms of personality, the SY type tends to be hot-
tempered, and easily bored (high novelty seeking). The uri-
nary system functions prominently in SE. The SE type tends
to have large hips and a small chest, and is characterized by
increased harmavoidance, nervousness, and conscientious-
ness (Chae et al., 2003).

Several large-scale studies have demonstrated that preva-
lence rates and risks of diseases vary across different SC
types, suggesting that susceptibilities to diseases may dif-
fer across constitution types (Table 1). For example, as com-
pared to SE or SY, TE has been shown to have a significantly
higher prevalence in metabolic disorders and cardiovascu-
lar diseases, including obesity (Baek et al., 2014), abdomi-
nal obesity (Baek et al., 2014; Jang et al., 2013), insulin resis-
tance (Choi et al., 2011), diabetesmellitus (Lee et al., 2009b)
and hypertension (Lee et al., 2011). Song et al. (2012) also
found that serum high-density lipoprotein (HDL) choles-
terol and higher triglyceride levels were higher inTE than in
other constitution types, suggesting that higher prevalence
in metabolic and cardiovascular diseases in TE may be due
in part to elevated lipid traits for the TE type. On the other
hand, Lee et al. (2013) reported that TE had lower rates
of various types of cancers as compared to other SC types.
Kim et al. (2015) showed sex differences in the prevalence
of functional dyspepsia: While the prevalence was higher
in SE than in non-SE in males, it was higher in TE than in
non-TE in females.

Although twin studies on SC types have been rarely con-
ducted to date, SC researchers have long speculated that
SCs are inherited characteristics (Shim et al., 2008). Re-
cently, genome-wide association studies (GWAS) have been
performed to identify genes for each SC type in the South
Korean population (Table 1). For example, after genotyp-
ing over 1,000 subjects classified by the SC type, Kim
et al. (2012) found that chromosomes 3q27.3 (rs10937331),
15q22.2 (rs7180547), and 14q22.3 (rs12431592) were most
significantly associated with TE, SE, and SY respectively.
They further noted that neuron-related genes such as
GPM6A, SYT4, GRIK1, LPP9, and CACNA1A were signif-
icantly associated with TE; cell-signaling genes, AKAP11,
PTPN2, and NRP2 were associated with SE; and that 17
other genes, including ZFP42, CDH22, ALDH1A2, OTX2,
and EN2 were associated with SY. Subsequently, Cha et al.
(2015) found in a GWAS (N = 3,810) that the fat mass and
obesity-associated (FTO) variant (rs7193144) was signifi-
cantly inversely related to the SE type after adjusting for
body mass index (BMI). This finding was replicated in an
independent sample (N = 1,680; Cha et al., 2015). Using a
sample of over 5,000 South Koreans, Kim et al. (2017) per-
formed a GWAS and reported that two gene loci, APOC1
on chromosome 19 and C2orf47 were significantly associ-
ated with the ratio of LDL and HDL cholesterol only in the
TE but not in the non-TE types. As the lipid cholesterol ra-
tio is known to be a risk factor for cardiovascular diseases
andmetabolic syndrome (Ingelsson et al., 2007), these find-
ingswere in linewith prior phenotypic studies that reported
higher prevalence of metabolic and cardiovascular disor-
ders in TE than in non-TE (Song et al., 2012).

Assuming that SC types are independent categories (Kim
& Pham, 2009), many SC researchers to date have sought
to identify vulnerabilities to diseases and genes unique to
each SC type. However, as the four SC types reflect complex
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human physical, physiological, and psychological aspects
that are known to be influenced largely by multiple genes
with small effects and pleotropic mechanisms of the genes
(Solovieff et al., 2013), it is likely that there are genetic com-
monalities as well as uniqueness among the four SC types.
The aim of the present study was therefore to explore the
phenotypic relationships of the SC types and genetic and
environmental overlaps that may give rise to these pheno-
typic associations. To this end, we used a SC questionnaire
recently developed under the assumption that underlying
liability of each SC type is continuous (Baek et al., 2015).

Methods
Sample

The sample consisted of 1,742 (365 monozygotic [MZ]
male, 173 dizygotic [DZ] male, 675 MZ female, 271 DZ fe-
male, and 258 opposite-sex DZ) twins who participated in
the 2017 survey conducted at the South Korean Twin Reg-
istry (Hur et al., 2013). The age of the sample at the time of
the assessment ranged from11 years to 29 yearswith amean
of 19.1 years (SD = 3.1 years). Twins under 20 years of age
were recruited mostly from schools throughout South Ko-
rea, while those 20 years of age or older were from Face-
book, twin clubs on the internet, and colleges throughout
SouthKorea. Further details of the sample collection are de-
scribed in Hur et al. (2018).

Zygosity of the twins was assessed using a three-item
zygosity questionnaire. When compared to DNA analysis,
this approach has been shown to achieve over 90% accu-
racy (Ooki et al., 1990). The number ofMZ twins wasmuch
greater than that of DZ twins in the present sample, which
likely reflected the low DZ twin birth rates in the South Ko-
rean population for the birth cohorts in the present study
(Hur & Kwon, 2005; Hur & Song, 2009).

Measure

Trained interviewers gave twins the Korean SC Diagnos-
tic Questionnaire-15 (KS-15; Table 2) via a telephone inter-
view. The KS-15 was developed and validated using health
information about subjects (N = 1,867) registered with the
Korea Constitutional Multicenter Bank (Baek et al., 2015).
The KS-15 consists of items on current height and weight,
six personality questions, and eight symptom questions re-
garding physiological functions of internal organs follow-
ing the SC theory. Using height and weight, BMI was cal-
culated to determine the level of obesity of the respondent
after adjustment for sex and age. Each of the six person-
ality and eight symptom questions includes three options,
and respondents are instructed to select one of the three
options that best describes them. During the development
of the KS15, clinicians specialized in SC assigned a weight
to each of the three options through consensus so that the
scores of TE, SE, and SY can be computed by summing the
weighted responses for each type. The resulting scores of

TABLE 2
Items of the Korean Sasang Constitution Diagnostic
Questionnaire-15

Item content

1 Current height (cm); current weight (Kg)
2 Broad-minded?
3 Act quickly?
4 Active, enthusiastic?
5 Extraverted?
6 Masculine or feminine?
7 Irrational, easily upset?
8 Digest well?
9 Good appetite?
10 Sweat a lot?
11 Feeling after sweat
12 Rectal urgency (unable to hold stool during bowel urgency)
13 Wake up at night for urination? If so, how often?
14 Aversion to heat or cold?
15 Preference for warm or cold water?

TE, SE, and SY ranged from 0 to 1.0. We did not score TY
because the scoring scheme was not developed for the TY
type in the KS-15. The items of the KS15 have been demon-
strated to have adequate psychometric properties (Kim &
Jang, 2016).

Statistical Analyses

Twin studiesmake use of the difference in the proportion of
genes shared between MZ and DZ twins. Utilizing this dif-
ference, the total variance of each SC type is decomposed
into following components: additive genetic (A: the effects
of individual genes summed over loci, rMZ = 1.0; rDZ = 0.5),
non-additive genetic (D: the interactive effects of alleles
across loci or within a locus, rMZ = 1.0; rDZ = 0.25), shared
environment (C: the effects of environment thatmake twins
similar, rMZ = 1.0; rDZ = 1.0), and individual-specific envi-
ronment plus measurement error (E: the effects of environ-
ment unique to each member of a twin pair that decrease
twin similarity, rMZ = 0; rDZ = 0).

Data analyses consisted of univariate and multivariate
components. In the univariate analysis, we computed max-
imum likelihood correlations for five twin groups (MZ
males, DZ males, MZ females, DZ females, and opposite-
sex DZ) and carried out general-sex limitation model-
fitting analyses for each SC type to obtain an initial indi-
cation on genetic and environmental estimates for each SC
type. In the univariate model-fitting analysis we compared
the ACE andADEmodel for each SC type by using Akaike’s
information criterion (AIC; Akaike, 1987). The lower the
value of AIC, the better the balance between explanatory
power and parsimony (Akaike, 1987). We ran the ACE and
theADEmodels separately because non-additive genetic ef-
fects are difficult to distinguish from shared environmental
effects in the twin design (Neale & Cardon, 1992).

In the multivariate analysis, we computed phenotypic
correlations among three SC types in the total sample,
MZ and DZ cross-twin, cross-trait correlations, and con-
ducted a Cholesky decomposition model-fitting analysis.
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FIGURE 1.
Maximum likelihood twin correlations for TE (Tae-Eum), SE (So-Eum), and SY (So-Yang) by sex and zygosity.

Asmultivariate analysis requires a large sample especially in
the presence of non-additive genetic effects, prior to com-
puting cross-twin, cross-trait correlations and completing
Cholesky decomposition model-fitting analyses, we com-
bined males and females and adjusted for sex, age, age ×
sex, and age2 by using a regression procedure (McGue &
Bouchard, 1984).

Cholesky decomposition model divided the phenotypic
associations among the three SC types into the proportion
of variance associated with additive genetic, non-additive
genetic, shared environment, and individual-specific en-
vironment factors. The additive genetic, non-additive ge-
netic, shared environment, and individual-specific environ-
ment covariance matrices were computed by the product
of their respective Cholesky factor loading matrix and its
transpose. The additive genetic (rg), non-additive genetic
(rd), shared environmental (rc), and individual-specific en-
vironmental correlations (re) among the three scales were
also derived from these variances and covariances. The ad-
ditive genetic correlation provides a measure of the extent
to which two SC types are influenced by the same genes that
operate additively. For example, if the additive genetic cor-
relation is estimated at 1.0 between TE and SE, this indi-
cates that TE and SE share all of their additive genetic fac-
tors; if this correlation is estimated at zero, then there are
no shared additive genetic factors between TE and SE. The
same logic applies to non-additive genetic, shared environ-
ment, and individual-specific environmental correlations.

We used a raw data option in Mx (Neale et al., 2003)
to carry out model-fitting analysis. Mx yields twice the

TABLE 3
Mean and Correlation With Age (r) for TE, SE, and SY

TE SE SY

Mean (SD) r Mean (SD) r Mean (SD) r

Male 0.44 (0.26) -0.09∗ 0.23 (0.20) 0.05 0.33 (0.17) 0.08∗

Female 0.35 (0.24) -0.05 0.27 (0.20) 0.03 0.38 (0.14) 0.05

Note: ∗p < .05. TE = Tae-Eum; SY = So-Yang; SE = So-Eum.

negative likelihood (-2LL) of the models, which is dis-
tributed as a chi-square. The fit of the full Cholesky model
was compared to that of nested submodels by using the
difference in twice the negative log-likelihood (-2LL) of the
models, which is distributed as a chi-square. A significant
(p < .05) change in chi-square in the nested submodel
indicates that removing the parameters from the full model
significantly worsens the model-fit, and therefore the
submodel is rejected.

Results
Descriptive Statistics

The distribution of SY was fairly normal with a skewness of
-0.11. TE and SE were moderately positively skewed with
skewness indices of 0.62 and 0.82, respectively. We thus
performed square root transformation of the data for TE
and SE, which resulted in skewness indices of 0.05 and 0.02,
respectively. Table 3 presents mean (SD) and correlations
with age for TE, SE, and SY. Age was very modestly corre-
lated with all three types (-0.09 < r < 0.05) in our sample,
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TABLE 5
Phenotypic and Cross-Twin Cross-Trait Correlations for MZ and
DZ Twins for TE, SE, and SY

Cross-twin, cross-trait
correlation

Variable Phenotypic r MZ DZ

TE-SE −0.89∗∗ −0.69∗∗ − 0.22∗∗

TE-SY −0.48∗∗ −0.30∗∗ − 0.12∗

SE-SY 0.15∗∗ −0.10 − 0.08

Note: MZ = monozygotic twin, DZ = dizygotic twins.∗p < .05, ∗∗p < .01.
TE = Tae-Eum; SY = So-Yang; SE = So-Eum.

suggesting that the main effect of age in SC types may be
negligible in adolescents and young adults. Males were sig-
nificantly higher than females in TE (t= 7.42, p< 0.001). In
SE and SY, however, females were significantly higher than
males (t= -4.47, p< .001 for SE; t= -6.32, p< .001 for SY).

Twin Correlations and Univariate Model Fitting

Figure 1 presents twin correlations for three SC types by
zygosity and sex. For all three types, MZ twin correla-
tions were significantly greater than DZ twin correlations
in both sexes, suggesting the importance of genetic influ-
ences on SC. Furthermore, DZ twin correlations were less
than half the MZ twin correlations for all three types, indi-
cating that shared environmental influences are negligible,
whereas genetic non-additivity is important. DZ twin cor-
relations were lower inmales than in females for TE and SE,
indicating that non-additive genetic effects may be greater
in males than in females for these two types. MZ twin cor-
relations were greater in SE and TE than in SY in both sexes,
which indicated that genetic influences are greater in SE and
TE than in SY.

Table 4 presents the results of univariate model-fitting
analyses, including parameter estimates from the full ACE
and the ADE models for TE, SE, and SY. For all three SC
types, the ADE model yielded a lower AIC value than did
the ACE model, suggesting that ADE explained the data
better than did ACE, consistent with observations made
from twin correlations. Sex-specific genetic effects were not
significant in any of the SC types. However, non-additive
genetic effects were predominant in males, whereas addi-
tive genetic effects were substantial in females in TE and
SE. The total genetic influences (additive and non-additive
genetic effects) in the full ADE models were 71% for males
and 81% for females in TE, 70% for males and 71% for fe-
males in SE, and 47% for both sexes in SY.Non-genetic vari-
ances were due to individual-specific environmental influ-
ences plus measurement error.

Phenotypic and Cross-Twin, Cross-Trait Twin Correla-
tions, and Multivariate Model Fitting

Table 5 presents phenotypic, cross-twin cross-trait correla-
tions for MZ and DZ twins for TE, SE, and SY. Phenotypic
correlations between TE and SE and between TE and SY
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TABLE 6
The Results of Cholesky Decomposition Model-Fitting Analysis

Model Model description -2LL AIC df �-2ll �df p

1 ACE 7,366.5 -3037.5 5,202
2 ADE 7,345.9 -3058.1 5,202
3 AE 7,366.5 -3049.5 5,208 20.6 6 .00
4 ADE without additive genetic covariances 7,347.1 -3062.9 5,205 1.3 3 .74
5 ADE without non-additive genetic covariances 7,356.0 -3054.0 5,205 10.1 3 .02
6 ADE without environmental covariances 11,406.9 996.9 5,205 4,061.0 3 .00

Note: -2LL = -2 log likelihood; A = additive genetic effects, C = shared environmental effects, D = non-additive genetic
effects, E = individual-specific environmental effects plus measurement error. Best-fitting model is indicated in bold.

D1                                  D2                                 D3 

.33 (.30, .37)           -.54 (-.59,-.48)                 -.19 (-.21, -.13) 

.86 (.82, .91)  -.76 (-.81,-.71)                            

                         

-.37 (-.43,-.31) 

A1                                 A2 0 (-0.08, 0.08)                      A3     0 (-.14,.14) 

0 (-0.07, 0.07)                                                                         
TE SY SE 

E1 E2 E3

.49 (.46, .52)   

-.17 (-.19,-.16) 
.42 (.40, .45) -.63 (-.67,-.59) 

-.32 (-.39,-.26) 

-.34 (-.38, -.30) 

FIGURE 2.
Parameter estimates (95%CI) for TE (Tae-Eum), SE (So-Eum), and SY (So-Yang) in the best-fitting Cholesky model. Note: Unstandardized
additive genetic (A1, A2, and A3), non-additive genetic (D1, D2, and D3), and individual-specific environmental (E1, E2, and E3) path
coefficients in the best-fitting Cholesky model for TE, SE, and SY. Path coefficients can be squared to obtain variance associated with
each factor.

were negative and high (r= -0.89 and r= -0.48), indicating
the phenotypic overlap. Furthermore, the directions of the
phenotypic correlations were consistent with those of the
MZ and DZ cross-twin, cross-trait correlations, suggesting
that the direction of effect may be the same. Because com-
mon shared environmental influences were negligible, the
MZ cross-twin, cross-trait correlation represented genetic
sources of covariance. Thus, greater MZ than DZ cross-
twin, cross-trait correlations in Table 5 indicated the pres-
ence of substantial genetic overlaps between TE and SE and
between TE and SY.

A small but significant phenotypic correlation was found
between SE and SY (r = 0.15, p < .01). Although the MZ
cross-twin, cross-trait correlation for the relationship be-
tween SE and SY was slightly greater than the correspond-
ing DZ correlation, both correlations were low, indicating
that individual-specific environment may play a role in the
relationship between SE and SY.

Table 6 shows the results of Cholesky decomposition
model-fitting analysis and Figure 2 presents parameter es-
timates in the best-fitting Cholesky model. Consistent with
the results of univariate model-fitting analysis, the ADE
model yielded lower AIC than did the ACE model, indi-
cating that the ADE model fit the data better than the ACE
model (Model 1 vs. Model 2). Thus, the fits of the submod-
els were compared to those of the ADE rather than the ACE
model. Although additive genetic covariances could be re-
moved from the ADE model without significantly worsen-
ing the model-fit (Model 4), non-additive genetic or envi-
ronmental covariances could not (Models 5 and 6). From
these comparisons, Model 4 was chosen as the best fitting
one.

As can be seen in Figure 2, non-additive genetic and
individual-specific environmental variances and covari-
ances among three SC types were all significant, while all of
the additive genetic variances were estimated as zero. These
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TABLE 7
Total Genetic and Individual-Specific Environmental Variance Estimates and Correlations and
Their 95% Confidence Intervals Derived From the Best-Fitting Cholesky Model

Variance estimates

Variable Total genetic Environmental Relationship rd re

TE 76% [72%, 79%] 24% [21%, 28%] TE-SE -0.92 [-0.89, -0.93] -0.62 [-0.57, -.68]
SE 70% [66%, 74%] 30% [26%, 34%] TE-SY -0.55 [-0.48, -0.61] -0.44 [-0.37, -0.51]
SY 47% [40%, 53%] 53% [47%, 60%] SE-SY 0.19 [0.09, 0.29] -0.40 [-0.32, -0.47]

Note: rd = non-additive genetic correlation, re = individual-specific environmental correlation. 95% CIs are shown
in square brackets.

results indicated the presence of significant non-additive
genetic and individual-specific environmental overlaps that
contributed to phenotypic associations among three SC
types. Table 7 presents total genetic and individual-specific
environmental variance estimates for TE, SE, and SY, and
non-additive genetic and individual-specific environmen-
tal correlations derived from the parameter estimates in
Figure 2. Total genetic variance estimates were 76%, 70%,
and 47% for TE, SE, and SY respectively, which were close
to the averages of the total genetic effects in males and fe-
males in the ADE univariate models in Table 3. The non-
additive genetic correlation between TE and SE was very
high (r = -0.92) and greater than individual-specific en-
vironmental correlation (r = -0.62). The non-additive ge-
netic correlation between TE and SY was moderate but still
greater than the corresponding individual-specific environ-
mental correlation (r= -0.55 vs. r= -0.44). Taken together,
these results provide evidence for significant genetic contri-
butions to the phenotypic associations between TE and SE
and between TE and SY.

While the non-additive genetic correlation between SE
and SY was positive, the individual-specific environmental
correlation was negative and larger than the non-additive
genetic correlation. As the phenotypic correlation between
SE and SY was positive, this result suggested that the effects
of common genes may be strong enough to offset common
environmental effects on the relationship between SE
and SY. One should note that genetic correlations reflect
the amount of the genetic influences on two traits that is
common to both. This is independent of the heritability
of either trait. Therefore, it is possible for a trait to have
a small genetic correlation with another trait but to have
a high heritability and make a high contribution to the
phenotypic association (Plomin et al., 2012, p. 397).

Discussion
To date, little research attention has been given to
pleiotropic associations among the SC types. Pleiotropy
is the overlap between the genetic architecture of two or
more traits due to a variety of shared causal pathways
(Solovieff et al., 2013). In the present study we conducted
multivariate genetic analyses to determine genetic and
environmental overlaps among three SC types: TE, SE,

and SY. We first found that genetic non-additivity signif-
icantly contributed to individual difference in each SC
type. Second, all phenotypic associations among the SC
types were significant, suggesting that SC types are not
independent. Finally, Cholesky model-fitting analysis re-
vealed that these phenotypic associations were largely due
to non-additive genetic correlations among the SC types,
although individual-specific environmental correlations
also contributed to the associations.

High heritability estimates for the SC types, especially
for TE and SE found in this study, pointed to the impor-
tance of further identification of novel genetic loci and bi-
ological pathways contributing to the heritability. Extreme
skewness of the raw distribution can sometimes generate
scale-dependent evidence for genetic non-additivity (Jinks
& Fulker, 1970). However, prior to twin analysis, we re-
moved skewness by transforming the data. Thus, signifi-
cant non-additive genetic variances found in the present
study suggested that gene × gene interactions may be an
important source of individual difference in SC types, that
SC typesmay have complex polygenic nature, and that large
sample sizes are likely to be required to identify specific ge-
netic variants and their interactions. Although the magni-
tudes of total genetic influences on TE and SE were simi-
lar in males and females, the nature of genetic effects (ad-
ditive vs. non-additive) were different between two sexes
in TE and SE. Replications of our findings with a larger
sample may be needed to draw a firm conclusion on sex-
difference in additive versus non-additive genetic effects in
TE and SE. Non-additive genetic variance in SC types may
in part reflect genetic effects in personality traits because the
KS15 includes six personality items (Table 1). Several twin
studies have demonstrated that non-additive genetic effects
were significant in the variations of personality (Hur, 2007;
Keller et al., 2005). Multivariate genetic analyses on person-
ality and SC types in the futuremay help to elucidate genetic
and environmental links between SC types and personality
dimensions.

Non-additive genetic correlations were significant and
large between TE and SE and between TE and SY, indicat-
ing that genes that influence TE may affect SE and SY as
well. Especially, non-additive genetic correlation of -0.92
between TE and SE suggested that nearly identical genetic
factors may influence TE and SE. However, negative signs
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of the genetic correlations suggest that genes that increase
TE may suppress the effects of SE and SY. For better
understanding of underlying mechanisms for the pheno-
typic associations, future molecular genetic studies should
test for pleiotropy using SNP-based genetic data.

Although individual-specific environmental correla-
tions between TE and SE and between TE and SY were
not as large as corresponding genetic correlations, they
were significant, suggesting that common sets of environ-
ment may also mediate the relationships of these pheno-
types. Similar to genetic correlations, the negative signs
of individual-specific environmental correlations indicated
that environmental sources that enhance TEmay reduce SE
and SY and vice versa. For example, certain nutrition may
help to develop the TE type but suppress the development
of the SE type. One should note that correlated measure-
ment errors are confounded with individual-specific en-
vironmental correlations. Thus, actual individual-specific
environmental correlations may be lower than those esti-
mated in our study.

Our study has some limitations. First, non-additive
genetic correlations in our study should be interpreted as
a sum of additive and non-additive genetic correlations
as it is likely that our sample size was not large enough to
separate between the two types of correlations. Second,
we only used the questionnaire method to measure SC
types. Future studies should employ multiple measures and
conduct multivariate genetic analyses to determine genetic
sources common across measures and those unique to
each measure. Third, as the order of the variables in the
Cholesky decomposition model is arbitrary, we changed
the order of the variables in various ways prior to Cholesky
model fitting. However, the results of analyses were the
same. That is, Cholesky models with different orders of
the variables yielded the same values of the goodness-of-fit
statistics, heritability estimates, and genetic and environ-
mental correlations. Finally, our sample was based on South
Korean adolescents and young adults. Our results therefore
need to be replicated in larger samples with different ethnic
and genetic backgrounds.
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