
INTRODUCTION

Birthweight is an important predictor of mental and physi-
cal health in later life. Birthweight has been shown to be asso-
ciated with height and body mass index (1), susceptibilities
to attention deficit hyperactivity disorder and depressive sym-
ptoms in adolescence (2), and the risk factors for schizophre-
nia (3), diabetes, hypertension, cardiovascular disease, and
respiratory illnesses in adulthood (4, 5). Birthweight also has
implications for later behavioral characteristics; Low birth-
weight has shown to be related to later poor social adjustment
(6), psychosocial distress (7), academic achievement (8), and
IQ (9, 10).

Birthweight is a function of the fetal genotype and the in-
trauterine environment. Research with monozygotic (MZ)
and dizygotic (DZ) twins provides a unique opportunity to
distinguish between genetic and environmental causes of phe-
notypic variations in human populations. Specifically, the
classical twin method decomposes the total phenotypic vari-
ance into variance components attributable to genetic, shared
environmental, and nonshared environmental factors, respec-
tively (11-14). MZ twins share identical genes, whereas DZ
twins share on average 50% of their segregating genes. For
this reason, genetic effects are indicated if MZ twins are more
similar than DZ twins. Shared environmental factors corre-
spond to those environmental factors that are shared by the

members of a twin pair. Because shared environmental factors
operate to make twin pairs alike, the importance of shared
environmental effects is indicated if the similarity for DZ
twins who only share 50% of genes is greater than half the
similarity for MZ twins who share 100% of their segregating
genes. For birthweight, shared environment refers to the char-
acteristics of the fetal uterine environment that are constant
across the members of a twin pair. Thus, maternal substance
use and abuse, smoking, and uterine size can act as shared envi-
ronmental factors in twin studies of birthweight.

The term, nonshared environmental factors refer to those
environmental factors that are not shared by the members of
a twin pair. Because nonshared environmental effects always
operate to make twins dissimilar, the effects are manifested
as within-pair differences. Examples of nonshared environ-
mental factors that can lead to within-pair differences in birth-
weight include unequal partitioning of nutrients and blood
supply between the twins in utero (15, 16). Measurement
errors will be confounded in the estimate of nonshared envi-
ronmental effects.

Previous twin studies of birthweight have shown moderate
heritability and substantial shared environmental influences
(17-19). Typically, heritability estimates were between 20%
and 40% and the shared environmental estimate was approx-
imately 55%. Similar estimates were found in a study where
preterm twins were analyzed (20), suggesting that the same
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group of genes might operate in variation in birthweight of
the extreme group.

Most twin studies of birthweight so far have been conduct-
ed on the basis of Western populations. Because heritability
estimates are population-specific, populations with various
genetic affinities, social environments, health care systems,
and dietary habits can yield different estimates of genetic and
environmental influences. Until now, no twin studies exam-
ined genetic and environmental effects on variations in birth-
weight in the Korean population. The present study investi-
gates these effects using a sample of Korean twins. 

MATERIALS AND METHODS

Sample

The present sample comprised MZ and DZ twins drawn
from the Seoul Twin Family Study (STFS). The STFS is a large,
longitudinal twin family study of genetic and environmental
influences on the behavioral development of children and
adolescents in Seoul, Korea. The STFS registry contains names,
mailing addresses, and telephone numbers of approximately
4,600 twin pairs ascertained from all private and public ele-
mentary, middle, and high schools in Seoul. The registry was
constructed with the assistance of Seoul Metropolitan Office
of Education in the years 2001 and 2002. Further details of
the study design and recruitment procedures of the STFS are
described in Hur (2002) (21). 

As part of the STFS mail survey in the year 2002, a book-
let that included questions on twins’ birthweight, zygosity,
and demographic information was mailed to the parents of
the elementary school twin participants of the STFS. On the
STFS register, there were 2,945 elementary school twin pairs.
About 18 percent of the twins returned the booklet. How-
ever, given that some twins had moved away and that there
were some incorrect mailing addresses, it is likely that the
true response rate was higher than 18%. Of the twins who
returned the booklet, cases were selected out for the present
analyses because (a) parents reported that they did not remem-
ber one or both of their twin children’s birthweight, (b) par-
ents simply skipped questions on one or both of their twin
children’s birthweight, (c) parents did not complete the zygos-
ity questionnaire explained below, and (d) twins’ zygosity was
ambiguous.

The final sample for the present analyses included 255 MZ
and 178 DZ twin pairs. MZ twins of the present sample con-
sisted of 123 male pairs (MZM) and 132 female pairs (MZF),
whereas DZ twins included 44 male pairs (DZM) and 56
female pairs (DZF) of the same-sex twins and 78 pairs of the
opposite-sex twins (DZOS). Ages of the twins at the time of
the survey ranged from 7 to 14 yr, with a mean (SD) of 10.31
yr (1.57 yr) for MZM, 10.60 yr (1.75 yr) for MZF, 10.50 yr
(1.75 yr) for DZM, 10.16 yr (1.56 yr) for DZF, and 10.45 yr

(1.61 yr) for DZOS.
The mean ages of parental ages were 32.9 yr (SD=4.3 yr)

for fathers and 30.0 yr (SD=4.0 yr) for mothers when twins
were born. The average years of parental education were 13.8
yr for fathers and 12.8 yr for mothers. These figures were only
slightly higher than the average years of education for males
(12.6 yr) and females (11.5 yr) for the corresponding age group
in Korea (22), indicating that parents of the twins in the pre-
sent sample are fairly representative of Korean adults in terms
of educational attainment.

Zygosity was determined from responses by parents (typ-
ically, mothers) of the twins to eight questions concerning
the twins’ physical similarity, the parents’ beliefs concerning
their twin children’s zygosity, and frequencies of confusion
by family members and others. Although this questionnaire
method to determine zygosity has been widely used in large
twin studies (1, 18, 19) and is regarded over 90% accurate
for twins in general (23), as explained earlier, cases where
zygosity could not be classified with certainty were exclud-
ed from data analyses.

Analytical procedures

Data analyses consisted of two parts: comparison of twin
intraclass correlations and model-fitting analyses. Intraclass
correlations were computed for the five twin groups (MZM,
MZF, DZM, DZF, & DZOS) from mean squares between
(MSB) and within (MSW) twin-pairs in a one-way ANOVA
according to the standard formula: (MSB-MSW)/(MSB+
MSW). For each sex, two comparisons were made: (a) MZ
vs. same-sex DZ twins, and (b) same-sex vs. opposite-sex DZ
twins. For each zygosity, male versus female twin correlations
were compared.
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rdz=0.5
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VE2

VP2

(Twin 1)

Fig. 1. Standard univariate model for birthweight. VP1, the pheno-
typic variance of birthweight for the first twins; VP2, the phenotypic
variance of birthweight for the second twins; VA1, genetic variance
for the first twins; VA2, genetic variance for the second twins; Vc1,
shared environmental variance for the first twins; Vc2, shared envi-
ronmental variance for the second twins; VE1, nonshared environ-
mental variance for the first twins; VE2, nonshared environmental
variance for the second twins. MZ, monozygotic twins; DZ, dizy-
gotic twins. 
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Fig. 1 presents the path diagram for the univariate biomet-
rical model for the classical twin design (11, 12, 24). In Fig. 1,
squares represent observed variables (i.e., VP1=the phenotypic
variance of birthweight for the first twins, VP2=the phenotypic
variance of birthweight for the second twins), and circles rep-
resent latent variables that influence the phenotypic variances
of birthweight for the first and the second twins. Thus, VA1,
VC1, and VE1, respectively, represent genetic, shared environ-
mental, and nonshared environmental variances that influ-
ence the phenotypic variance of birthweight for the first twins,
and VA2, VC2, and VE2 denote the corresponding variances that
influence the phenotypic variance of birthweight for the sec-
ond twins.

According to the model in Fig. 1, the phenotypic variances
of birthweight for the first and the second twin are linear func-
tions of genetic, shared environmental, and nonshared envi-
ronmental variances. That is,

VP1=VA1+VC1+VE1

VP2=VA2+VC2+VE2.
The correlations between VA1 and VA2 were set as 1.0 for

MZ twins and 0.5 for DZ twins because MZ twins are genet-
ically identical, whereas DZ twins share on average 50% of
their segregating genes (14). Both for MZ and for DZ twins,
the correlations between VC1 and VC2 were set as 1.0 because,
by definition, shared environmental variance represent envi-
ronmental factors shared by two members of a twin pair. VE1

and VE2 are not connected with correlation because they rep-
resent environmental factors that are not shared by two mem-
bers of a twin pair. Since we do not expect the magnitudes
of genetic, shared environmental, and nonshared environmen-
tal variances to be different between the first and the second
twins (i.e., VP1=VP2, VC1=VC2, and VE1=VE2), the expected vari-
ances and covariances of birthweight for the MZ and for the

DZ twins can be presented by the following three equations:
VP=VA+VC+VE

MZCOV=VA+VC

DZCOV=0.5 VA+VC.
Using a maximum-likelihood estimation procedure in Mx

(24), the observed variances and covariances of birthweight
for the MZ and for the DZ twins were fitted to the expected
variances and covariances explained above. By minimizing
the discrepancy between the observed and the expected vari-
ances and covariances of birthweight for the MZ and for the
DZ twins, Mx estimates genetic (VA), shared (VC), and non-
shared environmental variance (VE) parameters and yields a
goodness of fit index that is distributed as a 2.

In order to assess significance of the genetic and the shared
environmental variance parameters, 2s from the reduced
models that eliminated (a) the genetic parameter (Model 1
in Table 2) and (b) the shared environment parameter (Model
2 in Table 2), were compared with 2 from the full model
that contained all three of the genetic, shared environmental,
and nonshared environmental variance parameters. If the
models are nested, the change in 2 is itself distributed as a

2, which permits evaluation of the significance of the elimi-
nated parameters (25). A nonsignificant change in 2 in the
reduced model as contrasted with the full model indicates
that the reduction of the parameters does not significantly
worsen the fit of the model to the data, whereas a significant
change in 2 indicates that the parameters should be retained
in the full model to adequately explain the data. 

RESULTS

Descriptive statistics and twin correlations 

Birthweights were not significantly different between MZ
and DZ twins for each sex. First-born twins weighed slightly
but significantly more than second-born twins (average birth-
weight: 2.50 kg vs. 2.43 kg; t=2.03, p<0.05). Also, male twins
weighed significantly more than female twins (average birth-
weight: 2.55 kg vs. 2.42 kg; t=3.94, p<0.001).

Table 1 presents means, standard deviations, and twin intra-
class correlations for birthweight for the five twin groups
(MZM, MZF, DZM, DZF, & DZOS). The hypothesis that
twin correlations were homogeneous across gender (male vs.

MZM, monozygotic male twins; MZF, monozygotic female twins; DZM,
dizygotic male twins; DZF, dizygotic female twins; DZOS, opposite-sex
dizygotic twins.

Total MZM MZF DZM DZF DZOS

Mean (kg) 2.49 2.54 2.43 2.53 2.35 2.53
SD (kg) 0.50 0.50 0.48 0.51 0.49 0.54
r - 0.72 0.76 0.66 0.66 0.71

Table 1. Means and standard deviations for birthweight (kg) and
intraclass correlations for twins by zygosity and sex

Model
Goodness of Fit Indices

df p 22

Variance Estimates & 95% CI

VC VEVA

Full model 1.39 3 0.71 0.17 (.02-.33) 0.60 (.44-.72) 0.23 (.19-.29)
Model 1 (Drop VA) 6.58 4 0.16 5.19* - 0.73 (.68-.77) 0.27 (.23-.32)
Model 2 (Drop Vc) 36.79 4 0.00 35.40� 0.77 (.73-.81) - 0.23 (.19-.27)

Table 2. Model-fitting results for birthweight

*p<.05, �p<.01. VA, genetic variance; Vc, shared environmental variance; VE, nonshared environmental variance. -, fixed to be zero. Genetic, shared envi-
ronmental, and nonshared environmental estimates in the full model are boldfaced.
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female) or zygosity (MZ vs. DZ) was tested using the Fisher’s
z transformation method (26). Correlations were not signifi-
cantly different between males and females in any of the zygos-
ity group. This finding of no significant gender differences
in twin correlations for birthweight was consistent with the
results reported in a sample of Belgium twins (27). For each
gender, the MZ correlation was higher than the DZ correla-
tion, indicating the existence of genetic component in birth-
weight. However, the DZ correlation was higher than half
the MZ correlation, suggesting that shared environmental
influences are substantial in birthweight. The opposite-sex
twin correlation was not significantly different from the same-
sex twin correlation, implying that genes and environments
that cause individual differences in birthweight may not vary
in males and females.

Because we did not observe any significant differences in
comparing male and female correlations, model-fitting anal-
yses were performed on the basis of the combined sample of
males and females. Prior to model-fitting analyses, birthweight
was corrected for gender to remove the mean effect of gender
using regression analyses.

Model-fitting

Table 2 presents the model-fitting results. The full model
provided a good fit to the data, yielding a nonsignificant 2

value of 1.39 for 3 df (p=.71). When the genetic parameter
(VA) was eliminated from the full model (Model 1 in Table
2), a significant change in 2 was observed, suggesting that
genetic factor is important for birthweight. A reduction of
the shared environment parameter (VC) from the full model
also yielded a significant difference in 2 (Model 2 in Table
2). These results suggest that the full model with genetic,
shared environment, and nonshared environment parameters
appropriately explain variation in birthweight. Genetic and
shared and nonshared environmental influences on birthweight
estimated from the full model were, respectively, 17%, 60%,
and 23%. These estimates generally conformed to the impres-
sion gained from an examination of the twin intraclass cor-
relations. 

DISCUSSION

Knowledge on the importance of genetic and environmen-
tal factors in birthweight has implications for understanding
the physiology of pregnancy. So far, the relative influence of
genetic and environmental contributions to individual dif-
ference in birthweight has rarely been examined in the Korean
population. The present study indicated that variation in
birthweight in Koreans were largely explained by the shared
environment of the fetuses, not much by fetal genes or by
environmental factors unique to each fetus. The variance of
birthweight attributable to genetic factors was 17%, where-

as variances due to shared and nonshared environmental fac-
tors were 60% and 23%, respectively. The confidence inter-
vals of these estimates (see Table 2) agree with those typical-
ly obtained from Western twin samples.

What are the variables that explain shared environmental
components in birthweight? In the present study, due to a
lack of data, the effects of gestational age were not estimated
separately. However, it is likely that gestational age at deliv-
ery contributed to the estimate of shared environmental influ-
ence in the present analysis, because gestational age is the
same for the members of a twin pair for both MZ and DZ
twins. Indeed, a previous twin study (27) has shown that ges-
tational age explained the largest proportion of shared envi-
ronmental variance in birthweight. 

The findings of large shared environmental effects in birth-
weight in the present study also imply that, consistent with
prior studies (28-30), maternal smoking, substance use, nutri-
tion, obstetrical care, and socioeconomic status that influence
the uterine environment are important in determining birth-
weight. It should, however, be noted that the characteristics
of the uterine environment of the fetus depend not only by
factors such as maternal smoking and SES, but also by mater-
nal physical or physiological characteristics that are presum-
ably under the control of maternal genes. For example, a few
investigators found associations between birthweight and
height and weight of mothers (1). There were very modest,
but statistically significant correlations between birthweight
and maternal and paternal heights (r=.09 for maternal; r=.10
for paternal) in the present sample also. Maternal genes influ-
encing birthweight may also operate through susceptibility
to diseases during pregnancy. For example, genetic factors
have been shown to influence risk of pre-eclampsia and ges-
tational hypertension (31). As is well known, pre-eclampsia
and gestational hypertension are important risk factors for
the fetal growth retardation (32).

At present little is known about maternal or fetal genes
that are involved in birthweight. Recently, Hocher et al. (33)
reported that the maternal C825T allele of the GNB3 gene
is involved in birthweight. Unfortunately, however, subse-
quent study by Masuda et al. (34) could not replicate the
association of the maternal C825T allele with birthweight.
Busch et al. (35) studied neonates of South Asian ancestry
and found that variation in PON2 genes were associated with
birthweight: Significantly lower birthweights were observed
among those who were homozygous for PON2 A148/A148,
as compared with those with the other two genotypes. Repli-
cation studies, however, will be necessary to strengthen these
findings.

The results of the present study indicate that about 23%
of the variation in birthweight was attributable to nonshared
environmental influences including measurement error. As
explained earlier, nonshared environmental influences are man-
ifested as within-pair differences. Studies of MZ twins who
are discordant for birthweight provide an excellent opportu-



nity to test whether intrauterine programming has an endur-
ing impact on health outcome later in life. If difference in
birthweight within MZ twin pairs is correlated with later
health outcome, this association cannot have a genetic basis
and must be due to environmental experiences in utero that
are not shared by the members of a twin pair. Studies that
correlated within-pair differences in height and weight in
adult twins with within-pair differences in birthweight found
consistent evidence for the importance of the intrauterine
environment in determining later height and weight. For
example, Allison et al. (36) found in a large scale twin study
that the correlation of within-pair difference in birth weight
with within-pair difference in adult height was 0.32 (p<0.01),
and with adult weight 0.14 (p<0.01), suggesting that the
intrauterine environmental factors exert a long lasting influ-
ence on adult height and weight. Studies of within-pair dif-
ference in birthweight have also looked at later blood pres-
sure (37, 38), non-insulin dependent diabetes (39), and acute
myocardial infarction (40). The results of these studies, how-
ever, were inconsistent, pointing to a need for further studies
with large samples.

A limitation of the present study is that birthweights were
reported by the twins’ mothers retrospectively. Maternal report
of birthweight has been widely used for epidemiological stud-
ies (e.g., 1, 19). Validation studies have reported that the ma-
ternal recall of birthweight reasonably agrees with those on
the obstetric records (41-43). For example, McCormick and
Brooks-Gunn (42) compared the maternal recall of birth-
weight for 1,833 children of 8 to 10 yr of age with data from
the hospital record. The correlation of birthweights reported
by mothers 8 to 10 yr later with those on the medical records
was .89.

Although it was not possible to verify the birthweight data
in the present study by the medical record, the mean (SD)
birthweight in the present analyses (2.49±0.50 kg, see Table
1) was fairly close to the national average of birthweight for
twins found in the data from Korean birth certificate in 1996
(2.57±0.58 kg) (44) and slightly higher than the means of
birthweight (typically, 2.15 to 2.43 kg) for Korean twins
reported from the hospital records (45-50). In general, the
average birthweights found in population-based studies tend
to be higher than those obtained from the hospital records,
because hospital records usually include high rates of high
risk pregnancy as well as stillborn cases (44).

If mothers of MZ twins tend to recall their twins’ birth-
weights as more similar than they are in reality, then this
recall bias would lead to an inflation of the estimate of genetic
effects. The estimate of genetic influence found in the present
study, however, was not unusually high as compared to those
reported in previous studies on the basis of Caucasian twin
samples. Taken together, these results suggest that mothers’
reports in the present study may be reasonably accurate, and
even if there was inaccuracy in reporting, the inaccuracy is
unlikely to have seriously affected the estimates of genetic

and environmental influences on birthweight. Replication
studies using the medical records will be needed to confirm
the present findings, however. 
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