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Sex differences in the heritability of self-reported body-height
in two Finnish twin cohorts were studied by using sex-limi-

tation models. The first cohort was born in 1938–1949 (N =
4873 twin pairs) and the second in 1975-1979 (N = 2374 twin
pairs). Body-height was greater in the younger cohort (differ-
ence of 3.1 cm for men and 2.9 cm for women). The
heritability estimates were higher among men (h2 = 0.87 in the
older cohort and h2 = 0.82 in the younger cohort) than women
(h2 = 0.78 and h2 = 0.67, respectively). Sex-specific genetic
factors were not statistically significant in either cohort, sug-
gesting that the same genes contribute to variation in body
height for both men and women. The stronger contribution of
environmental factors to body-height among women questions
the hypothesis that women are better buffered against envi-
ronmental stress, at least for this phenotype.

Body-height is determined by both genetic and environ-
mental factors (Sinclair, 1989). Due to its environmental
component, body-height is used as an indicator of child-
hood living conditions (Elford et al., 1991). However, little
is known about sex differences in the relative contribution
of genetic and environmental factors on body-height,
which should be taken into account especially when sex
comparisons of body-height are made.

Sex-related differences are expected to exist in the
genetic control of body-height. Ogata, Goodfellow, et al.
(1992) and Ogata, Petit, et al. (1992) suggested that the
region from DXYS20 to DXYS15 on chromosome X is
critical for growth genes. The PHOG gene of chromosome
X also has been reported to have a crucial effect, not only in
Turner’s syndrome (Ellison et al., 1997) but also on the
normal variation in body-height (Nance et al., 1998). The
sex difference in mean body-height, as well as the higher
stature of XYY boys compared with XY boys, further sug-
gests that the Y chromosome includes genes affecting
body-height (Ogata & Matsuo, 1992; Ratcliffe et al.,
1992). These genes have been localised to the Yq11 region
(Bühler, 1980). More precisely, Ogata et al. (1995) showed
that the region defined by DYS11 and DYS246 is critical
for growth. A sex-related genetic factor for growth and
body-height has been found in previous quantitative
genetic studies (Byard et al., 1993; Phillips et al., 1990),
but some inconsistent findings have also been reported
(Dasgupta et al., 1997; Byard et al., 1983). 

The contribution of environmental factors to body-
height may vary between the sexes as well. Higher neonatal
mortality for men, found in studies from 1930–1960 in
Europe and United States but not in recent studies, might
be caused by sex differences in the response to environmen-
tal stress. Further, it has long been known that infant
mortality is higher among men than women (Waldron,
1983). Previous studies offer evidence that similar differ-
ences also exist in growth. For example, nutritional (Stini,
1969), climatic (Johnston et al., 1977) and psychosocial
factors (Rudolf & Hochberg, 1990) may affect growth
more among men than women. In addition to studies that
were specifically designed to test the sex-difference hypoth-
esis, some have mainly addressed other issues, while
simultaneously providing evidence for this hypothesis
(Stinson, 1985). Reanalyses of such studies have supported
the supposition that women are better buffered against
environmental stresses. There are also inconsistent results
which may be reflective of many cultures favouring boys
over girls (Stinson, 1985).

The aim of this study was to examine sex differences in
the contribution of genetic and environmental factors to
body-height. In addition to monozygotic (MZ) and same-
sex dizygotic (SSDZ) twin pairs, our data set includes
opposite-sex (OSDZ) twin pairs. Their inclusion allows us
to study whether sex-specific genes affect body-height and
to test whether the magnitude of genetic and environmen-
tal factors is similar between men and women. We used
two birth cohorts in the analyses. The first cohort was born
in 1938–1949, when nutritional status was poor in Finland
due to the Second World War and subsequent rationing,
whereas the second cohort was born in 1975–1979, when
the standard of living in Finland was relatively high. Thus,
we can analyse whether any sex difference present is similar
among those who have suffered nutritional stress during
foetal life and early childhood and those who have grown
up in a more favourable environment.
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Data and Methods
The first data set consisted of all Finnish twin pairs born
during 1938–1949. This data set is derived from a larger
sample (Finnish Twin Cohort Study) of all Finnish twin
pairs of the same sex born before 1958, with both co-twins
still alive in 1974. An additional sample of OSDZ twins
born in 1938–1949 was linked to this data set (Kaprio et
al., 2000). Body-height was inquired about in the question-
naire sent in 1981 to the same-sex twins, and in
1995–1996 to the opposite-sex twins. The response rate to
the 1984 questionnaire was 84%.

The second data set derives from FinnTwin16, a popu-
lation-based study of five consecutive Finnish twin cohorts
born in 1975–1979 (Rose et al., 1999). The first question-
naire was sent to all twins during 1991–1995, upon their
reaching 16 years of age. A follow-up questionnaire was
sent six months after their 18th birthday to all twins who
had replied to the first questionnaire. Overall, 85% of all
twins belonging to cohorts born in 1975–1979 replied to
the second questionnaire.

Self-reported body-height and zygosity was used in
both data sets. Body-height was elicited by asking ”How
tall are you in centimetres?”. If decimals were reported,
these were rounded off to the nearest centimetre. Reliability
of self-reported body-height was examined in the Finnish
Twin Cohort Study in a subsample (N = 100 men and 127
women) which had responded to a questionnaire in 1990.
The correlation between self-reported and measured body-
height was 0.98 among men and 0.96 among women. In
the FinnTwin16 data set, measurements were taken of 30
boys at age 17. The correlation to self-reported body-height
at age 18 was 0.98.

Twin zygosity was determined by assessing similarity of
appearance at school age. An algorithm based on these
items classified 93% of pairs as either MZ or DZ, with the
remainder left unclassified. The reliability of the question-

naire method of zygosity was examined in the Finnish Twin
Cohort Study by using eleven blood markers in a subsam-
ple of 104 twin pairs classified as MZ or DZ (Sarna et al.,
1978). Agreement between the blood tests and the ques-
tionnaire was 100%. The probability of misclassification
was estimated at 1.7%.

In preliminary analyses (see Table 1), the means of MZ
and DZ twins were analysed by generalised estimating
equations (GEE; Liang and Zeger, 1986) using SAS PROC
GENMOD. The t test of two independent samples was
used to study OSDZ twins. Due to cohort differences in
body-height, the covariance matrices of the older cohort
were age-adjusted using SAS PROC REG. Genetic-based
differences were examined by sex-limitation models using
the Mx statistical package (Neale, 1994). First, a common
effects sex-limitation model, including additive genetic
variation (VA), shared environmental variation (VC) and
unshared genetic variation (VE) for men and women, was
used (Model 1). Second, the sex-specific genetic effect A’
was added to the model (Model 2). Third, a scalar model
with the same ACE parameters for both sexes and a
common multiplier k was fitted to the data.

Results
Table 1 gives the covariances and the mean body-height for
twins of the two birth cohorts. Body-height increased for
younger cohorts among both men and women. In the
pooled data set (MZ + SSDZ + OSDZ), the mean body-
height was 175.8 cm for men and 162.9 cm for women in
the older cohort born 1938–1949, with corresponding
height of 178.9 cm and 165.8 cm for the younger cohort
born 1975–1979 (p < 0.0001). Among women, DZ twins
were taller than MZ twins. In the older cohort, the mean
body-height difference was 0.7 cm (p = 0.0003) and in the
younger cohort 0.8 cm (p = 0.0067).
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Table 1

Mean Body-height (centimetres), Number of Respondents, Correlations (in italics) and Covariances of Body-height by Cohort, Zygosity and Sex

1938–1949 1975–1979

covariances1 mean (cm) covariances mean (cm)

male MZ (516 pairs) (303 pairs)
36.3 0.92 175.7 43.3 0.90 178.6
34.2 37.8 40.2 46.3

male DZ (1185 pairs) (385 pairs)
38.3 0.50 175.8 40.4 0.52 178.9
19.2 38.7 22.5 45.7

female MZ (558 pairs) (476 pairs)
29.2 0.88 162.4 30.8 0.88 165.3
26.2 30.6 27.8 32.1

female DZ (1148 pairs) (399 pairs)
30.2 0.49 163.1 35.0 0.56 166.1
14.1 28.6 18.4 30.2

male–female DZ (1466 pairs) (811 pairs)
39.8 0.49 175.7 (male) 29.1 0.46 179.1 (male)
17.0 31.5 163.1 (female) 15.9 40.1 166.0 (female)

1Adjusted for age
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Table 2 presents results for an ACE model fit to the two
birth cohorts. The ACE model was used because model-
fitting based on the covariances in Table 1 showed that an
AE or CE model did not fit the data. The sex-specific addi-
tive effect caused no significant improvement the fit of the
model in either cohort. Heritability in the cohort born in
1938–1949 was lower among women (h2 = 0.78) than men
(h2 = 0.87). The fit of the scalar sex model was poor (p =
0.0001) in this cohort, and thus was rejected. This shows
that the relative magnitude of the genetic and environmen-
tal factors was different between sexes in the older cohort.

In the younger cohort, heritability was also lower
among women (h2= 0.67) than men (h2 = 0.82).
Furthermore, the heritability estimates were lower than in
the older cohort. The difference was statistically significant
and tested by fixing the parameters of ACE model to be the
same in the two cohorts (∆χ2 = 26.9, ∆df = 6, p = 0.0002).
The decrease of heritability was mainly due to the magni-
tude of shared and unshared environmental variance
components. Among women, the most important increase
was seen in the shared environment component, as it more
than doubled. Among men, both the shared and the
unshared environmental components increased. The differ-
ence in heritability between sexes was similar to the older
cohort. However, the good fit of the scalar model (p =
0.180) indicates that the sex difference was not statistically
significant in this cohort.

Discussion
Mean body-height was found to increase between the
studied cohorts born in 1938–1949 and in 1975–1979.
These findings are consistent with results from other devel-
oped countries (Floud, et al., 1990; Murata & Hibi, 1992;
Proos, 1993; Tanner, 1992) as well as from the develop-
ment of body-height in Finland based on a nationally

representative data set (Silventoinen et al., 1999). The find-
ings are likely to reflect continuous improvement in the
standard of living from the Second World War to the
1970s. A similar trend can be seen for the Gross National
Product (Hjerppe, 1989) as well as infant mortality (United
Nations, 1950, 1980) in Finland.

Female MZ twins were found to be slightly shorter
than DZ twins in both studied birth cohorts. Liljefors
(1970) reported a similar difference in a Swedish twin data
set. This difference may be due to circulation differences
during foetal life, as monochorionic twins have lower birth
weight than DZ and other MZ pairs (Derom et al., 1995).
However, this difference has been found to diminish and
disappear during childhood (Falkner & Matheny, 1995).
Mothers of DZ twins have been postulated to be taller than
mothers of MZ twins (MacGillivray et al., 1998). We
tested this in the younger cohort, but found the mean
body-height to be similar between the mothers of MZ and
DZ twins.

A surprising finding was that heritability decreased
from the cohort born in 1938–1949 to the cohort born in
1975–1979, while mean body-height simultaneously
increased. Earlier studies (Mueller, 1976; Lauderdale &
Rathouz, 1999) have suggested that the increasing mean
body-height of the population is associated with increasing
heritability, as environmental variance factors affecting
body-height have decreased. However, many potential
sources of bias may affect results. Firstly, assortative mating
may have been accentuated as regional mobility increased.
The correlation between spouses in the younger cohort was
0.36. However, since we lack data on parents’ body-height
for the older cohort, we are unable to conclude to what
extent changes in assortative mating might explain our
findings. We estimated the heritability for the younger
cohort adjusting for assortative mating (Baker et al., 1996).
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Table 2

Parameter Estimates for Men (m) and Women (f) in Sex Limitation ACE Model (1–2) and Sex Scalar ACE Model (3) for Body-height in Cohorts Born
1938–1949 and 1975–1979.

1938–1949 1975–1979

MODEL 1 MODEL 2 MODEL 3 MODEL 1 MODEL 2 MODEL 3

Af 23.60 23.46 25.73 20.70 20.66 23.46

Cf 2.93 3.04 2.14 6.65 6.63 4.07

Ef 3.71 3.70 3.08 3.71 3.70 3.58

h2
f 0.78 0.78 0.83 0.67 0.67 0.75

Am 33.85 29.14 — 34.48 23.69 —

Cm 1.82 2.94 — 3.06 6.09 —

Em 2.91 2.92 — 4.55 4.58 —

A’m — 3.66 — — 7.90 —

h2
m 0.87 0.85 — 0.82 0.75 —

k — — 1.10 — — 1.16

χ2 7.62 6.71 35.86 12.72 11.40 15.06

d.f. 9 8 11 9 8 11

p-value 0.573 0.569 0.0001 0.176 0.180 0.180

Note. h2 = A/(A+C+E). A = additive genetic variance, C = shared genetic variance, E = unshared environmental variance, A’m= male-specific genetic variance, k = multiplier for male
parameter estimates.
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With the adjustment, the effect of common environment
disappeared. The significant spousal assortment might, in
part, be due to the recognised association between body-
height and social position, and thus, the adjustment for
assortative mating may also adjust for a portion of the
social variation between families (Silventoinen et al., 1999).

Secondly, selective mortality may contribute to the
higher correlations in the older cohort. Shorter twins have a
higher probability of earlier death, and this correlation may
have been pronounced in the older cohort (Vågerö &
Leon, 1994). Treatment of low birthweight or preterm
infants has also improved, and this may have increased the
variability within twin pairs in the younger cohort.

Thirdly, communication between co-twins in the
younger cohort when replying to the question about body-
height may bias reports. We tested this by computing
correlations within twin pairs who remained living together
or met each other daily. Among women, this correlation
was higher among these twins (0.76) than among twins
who see each other more rarely (0.61). However, among
men, the inverse is true (0.68 and 0.73 respectively).
Nevertheless, there were only 151 pairs in the younger
cohort who did not see each other daily. Such twins may
differ from other twins in other respects as well.

Our data gave only weak evidence of sex differences in
the genetic contribution to body-height. It is possible that
differences in the reporting of body-height exist between
men and women, as previous studies have found greater
overreporting of body-height for men than women
(Boström & Diderichsen, 1997; Stewart, 1982).  However,
this reporting bias is likely to decrease the correlation
among OSDZ pairs as compared with SSDZ and MZ
pairs, and to increase the sex-specific genetic effect. Thus, it
seems unlikely that differences in reporting would explain
this negative result. A possible explanation may be found in
the low gene diversity of the Y chromosome in Finland as
compared with other populations (Jorde et al., 2000).

A statistically significant difference in the relative mag-
nitude of genetic and environmental effects between sexes
was found in the older cohort born in 1938–1949. The
genetic effect seems to be more important to the variation
in body-height for men than women. In the younger
cohort, a similar difference was found, but it was not statis-
tically significant probably due to the smaller sample size of
this cohort. This result is in contrast to previous hypotheses
that women are better buffered against environmental
factors. If environmental variance factors have a greater
effect on body-height among men than women, this should
be seen as a stronger effect of the genetic component for
women. However, these results are consistent with our pre-
vious findings that the heritability of body-height increased
more among women than men from cohorts born at the
beginning of the 20th century to the 1970s in Finland
(Silventoinen et al., 2000). On the other hand, the results
may also be due to a discrimination against girls, which has
lead to a greater environmental variation. Although no evi-
dence exists that nutritional and health care of girls in
Finland has been systematically poorer than that of boys, it
is nonetheless possible that some kind of discrimination
had occurred to create the differences we report.
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