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birthweight. Compared with singletons, the mean birthweight percentiles of twins fall
substantially (by 10% or more) below the singleton 10th percentile by 28 weeks, below
the singleton 50th percentile by 30 weeks, and below the singleton 90th percentile by
34 weeks. In unlike-gender twin pairs, it has been reported that the female prolongs
gestation for her brother, resulting in a higher birthweight for the male twin than that
of like-gender male twins. Other researchers have demonstrated that females in unlike-
gender pairs had higher birthweights than females in like-gender pairs.

Analyses from our consortium on 2491 twin pregnancies with known chorionicity
showed longer gestations and faster rates of fetal growth in both males and females
in unlike-gender pairs compared with like-gender male or female pairs, although these
differences were not statistically significant. The post-natal effects for females growing
in an androgenic-anabolic environment include increased sensation-seeking behaviour
and aggression, lowered visual acuity, more masculine attitudes and masculinising
effects of the auditory system and craniofacial growth. In contrast, there is no evidence
to suggest that there might be a similar feminising effect on males from unlike-gender
pairs. This hormonal exposure in utero may influence adult body size and susceptabil-
ity to breast cancer.

Introduction . . .

ease risk. In singletons, these associations between the
Twin pregnancies provide the unique opportunity to fetal environment and adult health have been the topic
study the influence of an additional fetus on intrauter- of international debate and research interest as the fetal
ine growth and pregnancy outcome, as well as any origins of adult disease.'” In this paper we will exam-
long-lasting effects influencing adult health and dis- ine the intrauterine effects of gender mix (the gender
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combinations of twin pairs) on fetal growth and length
of gestation, and present a review of the literature eval-
uating the long-term effects of this altered fetal milieu
on cancer risk.

Singletons

It is well established that female infants weigh less
than male ones at all gestational ages, yet are more
likely to survive.”” Even among extremely low birth-
weight infants (<1000 g), female gender is associated
with a better than threefold odds of survival (adjusted
odds ratio [AOR] 3.06, 95% confidence interval [CI]
1.71, 5.45).* Among full-term singletons, white male
infants average 135 g and black male infants average
125 g heavier than their respective female counter-
parts.” The gender difference is generally believed to
be the result of androgens on fetal growth. This is
demonstrated in male newborns with hypospadias
and reduced levels of androgens."” Data from the Avon
Longitudinal Study of Parents and Children showed
that, after adjusting for gestation, males with hypospa-
dias had significantly reduced overall growth com-
pared with healthy males, averaging 226 g lighter in
birthweight, 0.8 cm shorter in birth length, and 0.6 cm
smaller in head circumference.

The action of androgens in males increases not only
the rate of fetal weight gain, but may also alter its time
course in utero."""? The gestational age at which chil-
dren are born with a given weight varies by gender,
with males born significantly and consistently younger
than females; the age difference is most pronounced
at lower birthweights. The gender difference in fetal
growth is greater before the third trimester and less
towards term, with males growing not only more, but
also earlier than females. Pedersen® reported signifi-
cant first trimester gender differences in growth by
ultrasound. Males averaged 2.0 mm longer crown-
rump length by 8-12 weeks of gestation and 1.4 mm
larger biparietal diameter by 16 weeks of gestation
than females, resulting in 40 g heavier birthweight and
4 mm longer birth length. These gender differences in
fetal size increased with advancing gestation, from
approximately 1 day at 8-12 weeks of gestation to 6—
7 days at term. It is speculated that some critical time
windows of development may be slightly different
between males and females, and that this phenomenon
may be one of the reasons for gender differences
in sensitivity to fetal programming. For example,
reduced abdominal circumference at birth is positively

associated with plasma concentrations of fibrinogen,'*
serum cholesterol and serum apolipoprotein B in adult
life,” as well as death from coronary heart disease;'® all
associations are stronger in men than in women, and
are independent of length of gestation. It has been
shown in animal models that the fetal pituitary gland
regulates the onset of labour. In humans, this role has
been supported by delayed onset of labour in fetal
anencephaly.”” The fetal secretion of stress hormones is
one factor precipitating labour.” There appears to be
a U-shaped relationship regarding male gender and
length of gestation, with studies reporting an excess of
males in preterm'** and post-term births.**

Several studies have reported significantly higher
maternal serum human chorionic gonadotropin levels
in uncomplicated pregnancies with a female vs. a male
fetus.”? In pre-eclamptic vs. normotensive mothers,
those pregnant with males had significantly higher
levels of both human chorionic gonadotropin and tes-
tosterone serum levels, whereas in mothers pregnant
with females only testosterone levels were elevated,”
indicating an androgen influence on the pathophysio-
logical mechanism of pre-eclampsia.

Twins

Plurality is a known risk factor for reduced birth-
weight. Cogswell and Yip’ report that the difference in
mean birthweight between full-term singleton and
twin births is about 690 g among white infants and
630 g among black infants; the difference in mean
birthweight between twin and triplet births is >500 g
for both white and black infants. Min et al.* have dem-
onstrated that, although twins generally grow more
slowly than singletons, the overall pattern of fetal
growth for well-grown twins does not differ as much
as from singletons as previously believed. Compared
with singletons,® the mean birthweight percentiles of
twins fall substantially (by 10% or more) below the
singleton 10th percentile by 28 weeks, below the sin-
gleton 50th percentile by 30 weeks and below the sin-
gleton 90th percentile by 34 weeks.” Glinianaia et al.”!
also reported that twins and singletons have similar
birthweight curves before 30 weeks, with progressive
divergence with advancing gestation. Smith et al.*
reported that the fetal growth velocity for biparietal
diameter, abdominal circumference and femur length
in twins decreased with gestation advancing, with the
downward trend more noticeable after 32 weeks; max-
imum and minimum growth occurred at 22-23 weeks
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and 36-37 weeks respectively, unrelated to birth order
within the twin pair, fetal gender, chorionicity or

zygosity.

Gender mix

Surprisingly few twin studies have considered the
combined effect of both siblings in the pair on length
of gestation and birthweight***** Cooperstock
et al® reported a 9.2% excess of male fetuses in white
twin births before 35 weeks of gestation, based on the
matched file of Missouri twin births from 1978-90.
James®* suggests that males are born earlier than
females because they are conceived earlier. He also
suggests that, assuming equal availability of nutrients
in dichorionic twin pregnancies, the males would be
more successful in their competition for nutrients than
their female siblings because females are programmed
to grow more slowly, compared with males in like-
gender twin pregnancies.” Loos et al.**** examined the
effect of gender mix in dizygotic twin pregnancies
from the East Flanders Prospective Twin Survey on
birthweight and length of gestation. They reported
that length of gestation in unlike-gender pairs was
similar to that of female like-gender pairs, and signif-
icantly (0.4 weeks; P =0.02) longer than that of male
like-gender pairs. Birthweight of girls from unlike-
gender pairs was similar to that of girls from like-
gender pairs, but boys from unlike-gender pairs
weighed 78 g more than boys from like-gender pairs
(P =0.001). These researchers concluded that in unlike-
gender pairs it is the girl that prolongs gestation for
her brother, resulting in a higher birthweight than that
of like-gender boys.

Glinianaia ef al.” evaluated the effect of gender mix
on birthweight using the New Norwegian Twin Panel,
which included all twin births from 1967-74 and still
living in Norway in 1992. They showed that although
they had comparable length of gestation, females in
unlike-gender pairs had higher birthweights (by
37.6 g) than females in like-gender pairs. Birth order
within the twin pair also had a significant effect, with
first-born females being 68 g heavier than second-born
females in unlike-gender pairs, and 55 g heavier in
like-gender pairs. Blumrosen et al.* using data from
the Israeli Birth Registry (which did not include gesta-
tional age), reported significantly higher birthweights
of females, but not males, from like- vs. unlike-gender
pairs. Orlebeke et al.”” reported that birthweight was
not affected by the gender of the co-twin, although
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boys averaged 89 g heavier than girls and first-born
twins averaged 61 g heavier than second-born twins.

Data from our consortium on 2491 twin pregnancies
with known chorionicity are presented in Table 1.
Among dichorionic twin pregnancies, unlike-gender
pairs had a longer gestation by about 2.1 days
(P=0.08) compared with like-gender boys and
1.4 days (NS) compared with like-gender girls. Boys in
unlike-gender pairs were growing faster than boys
in like-gender pairs (+2.3 g/week between 20 and
28 weeks and +1.8 g/week between 28 weeks and
delivery, NS). Girls in unlike-gender pairs were grow-
ing faster in mid-gestation (+4.6 g/week between 20
and 28 weeks, NS), but slower in late gestation (4.2 g/
week from 28 weeks to delivery, NS). As a conse-
quence, birthweight (adjusted for gestation) was only
20 g (NS) heavier for boys and 6 g (NS) heavier for girls
in unlike-gender vs. like-gender pairs. These findings
are in line with those of Glinianaia et al.*® of small
increases in mean birthweights in unlike-gender twins
compared with their like-gender counterparts. Also in
agreement with the findings of Loos et al.,”>** we found
the length of gestation to be 0.3 weeks longer for
unlike-gender pairs than for like-gender boys, but in
contrast, we found it also to be 0.2 weeks longer than
like-gender girls, whereas Loos etal. reported
0.3 weeks shorter. This difference may in part be
explained by our grouping by chorionicity and gender
and by the ethnic diversity of our twins, whereas Loos
et al ¥
was ethnically homogenous. In evaluating the effects
of chorionicity in like-gender twin pairs, we found
length of gestation to be longer in dichorionic vs.
monochorionic pregnancies, averaging about 4.9 days
for girls (P=0.004) and 1.4 days for boys (NS), with
heavier average birthweights (102 g in girls, NS, and
171 g in boys, P =0.006) (Table 1). Fetal growth rates
were not significantly different among like-gender
twins by chorionicity.

Twin pregnancies are at higher risk for pre-eclampsia
compared with singletons, and male gender has been
implicated as being a possible contributing factor.
Basso and Olsen,” in their analysis of the Danish
National Birth Registry and Statistics Denmark’s Fer-
tility Database of births from 1980-96, reported an
excess of males in pregnancies complicated by pre-
eclampsia. Among twin pregnancies compared with
singletons, the overall odds ratio (OR) for pre-
eclampsia was 2.49 [95% CI 2.25, 2.75]; by gender mix
it was 2.23 [1.89, 2.68] for unlike-gender pregnancies,

used zygosity and gender, and their sample
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Table 1. Effect of gender mix and chorionicity on rates of fetal growth, length of gestation, and birthweight in twins®

Gender mix of twin pairs P-value
G-G G-B B-B G-G vs. G-B G-G vs. B-B G-B vs. B-B
(N, pairs) Di® 481 959 551
Mono"® 250 250
Length of gestation (weeks) Di 359+0.1 36.0£0.1 35.7+0.1 0.31 0.55 0.08
Mono 35.2+0.2 355+0.2 0.27
Mono vs. Di P-value® 0.004 0.23
Birthweight (g)
Females Di 2311+ 19 2317 +13 0.81
Males Di 2430+ 13 2410+18 0.36
Average Di 2302 +17 2369 + 12 2410+ 16 0.001 <0.0001 0.04
Average Mono 2200 +£23 2239+23 0.23
Mono vs. Di P-value 0.65 0.006
Rates of fetal growth (g/week)
Early (0-20 weeks)
Female Di 16.8+0.6 16.6 +0.4 0.79
Male Di 16.9+04 17.4+0.5 0.44
Average Di 16.7+0.5 16.9+04 17.4+0.5 0.69 0.30 0.41
Average Mono 15.7£0.6 159+0.6 0.80
Mono vs. Di P-value 0.12 0.14
Mid (20-28 weeks)
Female Di 81.3+3.1 85.9+2.4 0.29
Male Di 89.6+2.4 87.3+3.1 0.56
Average Di 81.5+3.1 874+24 87.3+£3.0 0.13 0.18 0.99
Average Mono 81.3+35 943142 0.02
Mono vs. Di P-value 0.30 0.34
Late (28 weeks-birth)
Female Di 141.1+£34 136.9+2.1 0.29
Male Di 144.1+2.1 1423 +2.8 0.60
Average Di 141.2+£3.0 140.4+1.9 142.1+2.5 0.80 0.82 0.56
Average Mono 132.7+2.6 142.1+3.4 0.03
Mono vs. Di P-value 0.36 0.28

G-G, girl-girl; G-B, girl-boy; B-B, boy-boy.

“Least square means from models adjusting for mother’s age, pregravid BMI, height, black ethnicity, primiparity, smoking, pre-eclampsia,

gestational diabetes, fetal reduction; also adjusting for gestation for birthweight and rates of fetal growth models.

*Dj is dichorionic placentation; mono is monochorionic placentation.

‘Within columns significance is between average of like-gender twins, comparing monochorionic vs. dichorionic.

2.47[2.09, 2.92] for female like-gender pregnancies, and
2.53 [2.14, 2.99] for male like-gender pregnancies. Luke
et al.*' reported that fetal growth is reduced in twin
pregnancies complicated by pre-eclampsia, an effect
that precedes overt clinical symptoms in the mother.
Average fetal growth of the twin pair is reduced by
about 3.6 g/week between 20 and 28 weeks of gesta-
tion and by 5.7 g/week from 28 weeks to delivery.

Postnatal effects among unlike-gender twins

A growing body of literature suggests that females
growing in an androgenic-anabolic fetal environment

exhibit long-lasting effects. Findings consistent with
possible hormonal influences in unlike-gender pairs
include increased sensation-seeking behaviour and
aggression,** lowered visual acuity,* more masculine
attitudes,* masculinising effect on the female auditory
system,‘“’ and masculinising effect on the female cran-
iofacial growth.” There is no evidence to suggest that
there might be a similar feminising effect on males
from unlike-gender pairs; studies have reported no
increased risk of breast cancer in the male of unlike-
gender twins.* Glinianaia ef al.* suggests that the abil-
ity of androgens and oestrogens to transfer between
fetuses may differ or that female tissues may have a
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greater sensitivity to a higher testosterone level in
utero. Others® have hypothesised that testosterone is
the hormone most likely to both transfer between
fetuses and to affect fetal development. Hormonal
exposure in utero may influence adult female
bodysize*’ and susceptibility to breast cancer.”

Cancer in twins: effect of prenatal environment

Oestrogens and other hormonal factors known to
influence breast cancer risk in the adult may also play
a critical role during the intrauterine period.” Pre-
eclampsia is associated with lowered levels of oestro-
gen and a decreased subsequent risk of breast cancer
in the offspring,™* while early preterm birth, neonatal
jaundice, and dizygotic twinning are associated with
elevated levels and higher breast cancer risks. Early
preterm birth is associated with elevated maternal and
fetal levels of oestrogen.”* The subsequent risk for
breast cancer for women born <33 weeks of gestation
has been shown to be elevated (OR 3.96 [95% CI 1.45,
10.81]).” Pregnancy steroid hormone levels have been
shown to be risk factors for breast cancer.”” In contrast,
the association between birthweight and breast cancer
risk is not entirely consistent.**** Twin pregnancies
are associated with higher levels of oestrogen than
singleton pregnancies, a difference that is even more
pronounced in dizygotic vs. monozygotic twin preg-
nancies.®** Human chorionic gonadotropin in both
maternal and cord blood is higher in girl-girl twins and
girl-boy twins than in boy-boy twins at delivery.”
Most*235364 but not all®® studies of cancer risk
among dizygotic twins show an increased risk of
breast cancer. Among female twins with male co-twins,
high birthweight constitutes a strong independent risk
factor for breast cancer. Kaijser et al.” reported an AOR
of 2.3 [95% CI 1.09, 4.8] for each kilogram increase in
birthweight for women with male co-twins, increasing
to 4.3 [95% CI 1.24, 14.7] for breast cancers diagnosed
before age 50. Swerdlow et al.*” pooled data from four
case-control studies of female twins diagnosed with
breast cancer conducted in Denmark, England, Wales,
Finland and Sweden. Compared with their twin sis-
ters, the risk of breast cancer was increased for women
who were thinner (OR 1.44, [95% CI 1.08, 1.91]) or taller
(OR1.27,[95% C1 0.95, 1.70]) at age 10; for women who
developed breasts earlier (OR 1.53, [95% CI 1.14, 2.06]),
and for women with a smaller waist-to-hip ratio at age
20 (OR 1.79, [95% CI 1.00, 3.21]). These researchers
concluded that childhood growth before puberty may
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affect the risk of premenopausal breast cancer, at least
in women without a family history of breast cancer,
and that the distribution of body fat in young adult-
hood may also be related to breast cancer risk. Andro-
gens interact with oestrogens through competitive
binding to sex hormone-binding globulin, and female
twins with male co-twins and high birthweights are
exposured in utero to both androgens from their broth-
ers and to high endogenous oestrogen levels.*"*>
Verkasalo et al.,*” using the nationwide record link-
age of the Finnish Twin Cohort Study, the Finnish Can-
cer Registry and the Central Population Register,
followed up 12 941 like-gender twin pairs. They con-
cluded that the overall cancer incidence among twins
resembled that among the general population, and that
monozygotic co-twins of affected twins were at 50%
higher risk than dizygotic co-twins. They concluded
that inherited genetic factors accounted for about 18%
of the liability in inter-individual variation in the risk
of overall cancer, while non-genetic factors shared by
twins accounted for 7% and unique environmental fac-
tors for 75%. Hemminki and Li,*® using the nationwide
Swedish Family Cancer Database on 10.2 million indi-
viduals and 62 574 twins, reported that the overall risk
of cancer in like-gender or unlike-gender twins was at
the level of risk for singletons. Testicular cancer was
increased among like-gender twins and all twins to a
standardised incidence ratio (SIR) of 1.43; the SIR of
breast cancer was 1.01 and 1.04 in like-gender and
unlike-gender twins respectively.
(within-pair) analysis showed increased risks for
Hodgkin’s disease in males and breast cancer and
childhood acute lymphoid leukaemia among females.

Probandwise

Conclusions

Male gender is associated with a faster rate of fetal
growth, shorter length of gestation and higher birth-
weight, resulting primarily from anabolic effect of
androgens. In twins, the effect of an unlike-gender twin
appears to prolong gestation for the male and increase
birthweight for the female. Male fetuses are also associ-
ated with significantly higher maternal levels of human
chorionic gonadotropin and testosterone levels, as well
as an excess of pre-eclampsia, and both early preterm
and post-term births. While many of these differences
may be of little clinical significance at birth, they may
have implications for future health. Although many of
the studies cited are based on small sample sizes, and
their reported results await confirmation from subse-
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quent larger studies, it appears that the altered hor-
monal environment in utero may have important long-
lasting effects on the female of a mixed gender twin
pair, including higher risks for cancer in adult life.
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