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ABSTRACT: It is now well established that IUGR is associated with
an increased risk of a range of adult onset diseases, including
cardiovascular disease, obesity, and type 2 diabetes. Infants from
twin pregnancies are generally born smaller than singletons; there-
fore, it has been suggested that twins represent a naturally occurring
model of IUGR. Although twin gestations contribute significantly to
the population burden of preterm birth and small size at birth,
whether twins have the same long-term health consequences as
IUGR singletons remains unclear. The purpose of this review is to
consider what is currently known about the clinical implications of
twinning, the differences that exist between the growth and develop-
mental profiles of singleton and twin fetuses, and to use this as a basis
for exploring the question of whether fetuses conceived as twins are
analogous to IUGR singletons of similar birthweight and gestation.
This question is increasingly important in both the clinical and
research settings, because the incidence of twinning is increasing and
the long-term implications of reduced size at birth are mostly inves-
tigated in species which bear multiple offspring. (Pediatr Res 70:
117–122, 2011)

It is now well established that IUGR and being born small-
for-GA (SGA) are associated with an increased risk of adult

onset diseases; these include cardiovascular disease, obesity,
and type 2 diabetes (1–3). In singletons, the risk of adult
disease is inversely related to birthweight across the birth-
weight spectrum (2,3). Twins, as a population, are born lighter
than singletons, with the normal distribution of birthweights
for these infants shifted to the left of the normal singleton
distribution (4,5) (Fig. 1). It has, therefore, been argued that
twin pregnancies represent a natural model of IUGR (6). If
this is the case, it would be expected that twins may be at
increased risk for the long-term adverse health outcomes
associated with reduced size at birth.
Although the role of IUGR in increasing the risk of adult

diseases has been extensively explored in singletons, the
relationship between birthweight and the onset of adult dis-
eases in those born as twins is unclear, with conflicting
evidence in the literature (2). Most of the early twin studies

did not include a singleton reference group, and more recent
studies which have done so have shown increased adiposity
and reduced insulin sensitivity in twins compared with single-
tons, and that these outcomes are related to size at birth (7,8).
However, the number of studies that have addressed this is
small, and the question remains as to whether the fact that
twins tend to be smaller than singletons is due to the same type
of environmental influences that cause IUGR in singletons
(i.e. reduced placental transfer capacity), or whether there are
inherent physiological differences between fetuses of single-
ton and twin pregnancies that are associated with distinct
long-term outcomes in twins and singletons of comparable
weight and GA at birth.

Normal and Abnormal Intrauterine Growth: Clarifying
the Terminology

Preterm birth refers to birth before 37 completed weeks of
gestation and this definition applies to all pregnancies,
whether singleton or multiple. Term birth is between 37 and
41 completed weeks of gestation. Appropriate growth is ex-
pressed relative to GA to account for increasing size with
advancing gestation. Thus, appropriate for GA babies have a
birthweight between the 10th and 90th percentiles for the
gestation at which they were born; small for GA (SGA) babies
lie below the 10th percentile. Although the terms SGA, LBW,
and IUGR are often used interchangeably, and many infants
will fit more than one definition, the terms are not synony-
mous. LBW is used to describe any infant with a birthweight
�2500 g, irrespective of GA; IUGR is a much more complex
term describing infants who have failed to reach their intra-
uterine growth potential secondary to a pathological cause.
IUGR is, therefore, a clinical diagnosis, which is made by
examination of the baby after birth. In singleton pregnancies
in developed countries, IUGR is usually the result of a deficit
in placental transfer capacity due to placental dysfunction or
maternal disease. These pathologies are not more common in
twin pregnancies; thus, the increased risk of SGA and/or
IUGR in twin pregnancies may be secondary to an alternative
etiology.
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Adverse Outcomes in Twin Pregnancies:
A Clinical Perspective

Increasing incidence of twin pregnancies in developed
countries. The clinical importance of understanding more
about the long-term health outcomes of twin fetuses is high-
lighted by data from developed countries demonstrating an
increase in the incidence of twinning of between 28 and 59%
over the past two decades (4,9–11). This increase has been
linked largely to the increased utilization of artificial repro-
ductive technologies (ART) and, to a lesser extent, the in-
crease in mean maternal age over this period of time (9,10). In
Australia, the average age of women having their first child
in 2005 was 30.7 y, an increase of 3.4 y from 1985 (12), and
similar increases have been reported in other developed coun-
tries (10). The increased incidence of twinning in older moth-
ers is independent of the use of ART and seems to be the result
of increased incidence of multiple ovulation in older women
(13). Although there have been increases in both twin and
higher order multifetal pregnancies, pregnancies with three or
more fetuses make up only a very minor percentage of all
births, and this review will focus predominately on twin
pregnancies, which are more common and for which there
have been more detailed studies on growth trajectories and
postnatal outcomes.
Increased perinatal morbidity and mortality in twin preg-

nancies. The increased incidence of twinning has important
implications for neonatal care units, as it is well established
that twins have an increased incidence of common neonatal
problems (11). According to recent Australian figures, peri-
natal mortality rates are 21.5 per 1,000 births in twins, com-
pared with 9.2 per 1,000 births in singletons (11). This higher
perinatal mortality in twin pregnancies is largely due to the
6-fold higher incidence of preterm delivery (�33 wk’ gesta-
tion) and increased incidence of LBW (�2500 g) and very
LBW (�1500 g) in this infant population (9); however, even
term deliveries of twins have higher rates of obstetric com-
plications (14). In a large cohort study in Belgium, which
included data from 12,021 singleton and 3,108 twin births that
were naturally conceived reported that, in comparison to
singleton births, twin birth had a significantly increased risk of
preterm delivery [relative risk (RR), 6.88], LBW (RR, 8.58),
and very LBW (RR, 7.29) when infants were matched for

maternal age, parity, fetal sex, and year of birth (14). The
increased incidence of preterm delivery and very LBW is of
particular significance, because these infants often require
intensive care in neonatal units and have a high risk of
neonatal morbidity and poor long-term growth and develop-
mental outcomes.

The Physiology of Fetal Growth in Twin Pregnancies

Differences in the growth trajectory between normal sin-
gleton and twin pregnancies. In establishing whether twins
are truly growth restricted with respect to their singleton
counterparts, it is important to examine what is already known
about their growth and developmental trajectory in utero and
to compare this with that of normal and IUGR singleton
fetuses.
How do the growth and developmental trajectory of twins

compare with that of growth-restricted singletons? IUGR in
singleton pregnancies is most commonly detected in the sec-
ond half of gestation. Numerous experimental paradigms have
mimicked this by impairing placental function and thus nutri-
ent delivery to the fetus in late gestation, resulting in a
phenotype similar to that seen in human IUGR, with growth
restriction, polycythemia, hypoglycemia, and hypoxemia (2).
Examples include maternal heat stress, maternal undernutri-
tion, uterine artery ligation, placental specific gene knock-out
experiments, experimental restriction of placental growth, and
placental embolization in a variety of species (15,16). In the
majority of these experimental paradigms, the insult is applied
in mid to late gestation, so that the growth trajectory of these
fetuses diverges from normally grown singletons only in late
gestation. This is also supported by data from the placental
specific igf2 knockout in mice, in which placental growth
potential is restriction before conception (17). In this model,
placental transfer capacity is able to meet the nutritional
requirements of the developing fetus until the third trimester
of pregnancy, after which the growth trajectory slows com-
pared with normally grown singletons (17). In the mouse igf2
P0 knockout, there is actually up-regulation of placental nu-
trient transfer which initially maintains fetal growth before the
onset of growth failure (18).
The fetal growth trajectory of twins diverges from that of

singletons much earlier in gestation than previously thought
(around 8 wk in the human) (19–21), and a slower fetal
growth persists in late gestation in both humans (20) and
sheep (21,22). It was originally proposed that this reduced
intrauterine growth was due to constraints imposed by uterine
size and a restricted ability of the placenta to support the
nutrient requirements for both fetuses in late gestation (23).
However, it has since been demonstrated that the high com-
pliance of the uterine wall means that physical constraint is
unlikely to make any substantial contribution to fetal growth
restraint (24). Similarly, limitations to placental supply do not
seem to account for this early deviation in growth, because the
growth trajectories of singletons and twins diverge much
earlier than the time when nutrient delivery could be limiting
factor.

Figure 1. The birthweight distribution of twins (E) and singletons (F) in the
United States in 1997 after excluding those with a birth weight �500 g or a
GA �22 wk. Reprinted with permission from Joseph et al. Copyright © 2003
BioMed Central (http://www.biomedcentral.com/1471-2393/3/3).
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These findings have led to the emerging paradigm that
events in early gestation, perhaps as early as the time of
conception, play a critical role in determining intrauterine
growth trajectories and size at birth in twin gestations. Thus,
the cause of the reduced growth in twins may have an origin
distinct from that in growth-restricted singletons and this may
have implications for the long-term effects. A caveat to this is
the recent evidence demonstrating that, in singleton pregnan-
cies, an observed fetal size in the first trimester that is less than
expected is associated with an increased risk of SGA and
preterm birth (25), and also the awareness that many placental
vasculopathies, including preeclampsia, have their origin in
early pregnancy.
Evidence for the importance of the early gestational en-

vironment for intrauterine growth in twin gestations: Studies
of fetal reduction. The earliest evidence that the growth
trajectories of twin and singleton pregnancies was established
in early gestation came from the unilateral fetectomy studies
performed by Vatnick et al. (26). These studies showed that
both placental weight and fetal body weight in late gestation in
twins reduced to singletons at 50 d of gestation (term � �150
d gestation) were intermediate between those for naturally
conceived singleton- and twin pregnant ewes (26). Further-
more, our own studies have demonstrated that after fetal
reduction even earlier in an ovine pregnancy, measures of
linear growth and gestation length after fetal reduction are
reduced compared with those of singletons (Hancock and
Bloomfield, unpublished data).
These results are in accordance with the observational

outcomes of selective fetal reduction surgeries and spontane-
ous fetal reduction (i.e. abortion of one or more fetuses in the
absence of surgical intervention) in humans, which both sug-
gest that when a twin pregnancy is reduced to a singleton
pregnancy in early gestation, the GA at delivery and the
birthweight in the reduced singletons are still significantly
lower than in normally grown singletons (27–31). Clearly,
surgical fetal reduction in humans is not a random process,
and if fetal position permits, there is selection of the smallest
fetus for fetocide, which would tend to favor increased size of
the remaining fetus, and the procedure itself may affect growth
of the remaining twin. Similarly, spontaneous fetal reduction
is more likely to occur in pregnancies in which there is some
underlying pathology or complication, which may affect the
growth of the remaining fetus(es). Nevertheless, these clinical
observations are similar to findings in animal studies, which
did include appropriate sham controls, and the fact that fetal
reduction in early gestation does not completely restore fetal
growth in either experimental animals or humans provides
evidence that the growth trajectory of singleton and twin
fetuses is not entirely due to reductions in nutrient availability
in late gestation but is also influenced by factors present in the
intrauterine environment in the early weeks of gestation, and
long before nutrient supply would be expected to be limiting
to fetal growth (32).
How does the developmental trajectory of twins compare

with growth-restricted singletons? In singletons, IUGR has
been associated with an altered development of several key
regulatory systems, including the hypothalamic-pituitary-

adrenal (HPA) and glucose-insulin axes, and these alterations
play a central role in determining the increased risk of
metabolic and cardiovascular diseases in these infants later
in life (2). Twin conception also results in altered timing of
development of these axes compared with singleton preg-
nancies, although not necessarily in the same way as IUGR
in singletons.
IUGR singletons have been reported to have increased

cortisol concentrations in comparison with their normally
grown counterparts, in both humans and large animal models.
Cortisol concentrations are increased in the growth-restricted
fetal sheep when compared with normally grown controls
(33,34), and cordocentesis studies have also reported higher
plasma cortisol concentrations in IUGR human fetuses at
weeks 18–38 of gestation (35). The nature of HPA axis
adaptations in twins seems to be quite different from that seen
in growth-restricted singletons. In twin fetal sheep, basal
cortisol and ACTH concentrations are lower than in singles
(36,37) and these differences persist in response to acute stress
(38). Furthermore, an exogenous ACTH challenge elicits a
blunted fetal cortisol response in twins compared with single-
tons (37), whereas the adrenal responsiveness to an ACTH
challenge in IUGR singletons is increased in comparison to
normally grown singletons (34).
Differences are also seen in the development of the glucose-

insulin axis in twin fetal sheep compared with IUGR single-
tons. In twins, pancreatic development in late gestation is
advanced compared with singletons, as evidenced by their
enhanced response to a glucose challenge in utero (37), and
there are no differences in glucose tolerance between postpu-
bertal twin and singleton lambs (39). IUGR in singletons,
however, is associated with reduced �-cell mass and deficien-
cies in glucose-stimulated insulin secretion both before and
after birth (40). The IUGR lamb exhibits enhanced whole-
body insulin sensitivity of glucose metabolism and catch-up
growth in early postnatal life when compared with normally
grown singletons (41), and the abundance of insulin receptors
in skeletal muscle is increased both before and after birth (42).
This early phase of enhanced insulin sensitivity precedes the
development of impaired insulin disposition in both basal and
challenged states in IUGR adult males (43).
Periconceptional origins of fetal growth restriction in

singletons and twins: Is there evidence that this leads to
altered growth and developmental outcomes? The data pre-
sented above suggest that the late gestation physiology of
normally grown twins is different from that of the IUGR
singleton fetus. This is perhaps not surprising if one considers
that growth restriction in twins seems to be set early in
gestation, rather than being the consequence of environmental
stressors that emerge much later in gestation and interfere with
the existing growth trajectory. There is also evidence from
animal studies that a growth and developmental trajectory,
which is set during the periconceptional period, can alter
subsequent growth and developmental outcomes. The fetal
adrenal seems to be particularly sensitive to insults in the
periconceptional period. MacLaughlin et al. (44) showed that
periconceptional undernutrition in the pregnant ewe results in
altered relationships between adrenal growth and steroido-
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genic enzyme expression at 55–56 d gestation. Therefore, it
seems that nutritional/endocrine signals to the developing
embryo can have persistent effects on the development of key
physiological systems. The effect of environmental insults on
the development of the HPA are likely to be of particular
importance in the context of long-standing observations that
the adrenal gland is highly active during early gestation, after
which it undergoes a period of quiescence until the prepartum
activation, which is thought to be important for determining
the timing of parturition (45,46).
This ability of the environment experienced by the embryo

around the time of conception to influence developmental
trajectories raises the question of whether there are specific
signals, or combinations of signals, that sense the environment
of the early embryo and determine the developmental trajec-
tory of the fetus. Such signals seem to operate following
periconceptional undernutrition to result in altered growth and
development detectable months after the end of the period of
nutritional restriction (36). Similar signals may be present in
twin, but not singleton, pregnancies around the time of con-
ception, placing the twin fetus on a different growth and
developmental trajectory. In support of this, twins and single-
tons have been shown to exhibit different responses to mater-
nal undernutrition during the periconceptional period (47).
The nature of these signals is yet to be established, and this
remains an important avenue for future research.
One possibility is epigenetic modification of the embryonic/

fetal genome (48). Periconceptional undernutrition has been
shown in a number of studies to result in altered methylation
of the igf2/h19 promoter region in the fetal adrenal (49), liver
(50), and hypothalamus (51), suggesting the early embryonic
environment impacts on later epigenetic state in a range of
fetal tissues. The potential role of epigenetic modifications in
twin pregnancies in explaining the different intrauterine
growth and developmental profiles of twin and singleton
fetuses has been highlighted by a recent study (Stevens,
Challis, Bloomfield, and White, unpublished data) demon-
strating altered methylation and histone acetylation in the
arcuate nucleus of the hypothalamus in twin fetuses compared
with singletons. This suggests that similar epigenetic changes
may also be present in tissues that play an important role in
fetal growth. Epigenetic modifications in the igf2/h19 pro-
moter are associated with altered fetal growth (52); however,
whether altered methylation or histone acetylation within this,
or other, loci contributes to the altered gestational growth
profile in twin fetuses remains unknown and represents an
important question for future research.

What Is the Evidence for Adverse Outcome in Twin
Pregnancies Compared With IUGR Singletons?

If it is the case that there are periconceptional origins of
altered growth and development in twins compared with
singletons, the questions that need to be addressed next are the
following: (1) do these early developmental changes have
long-term implications and (2) are the outcomes likely to be
different to those in singletons, in which IUGR typically

results from placental or nutritional deficiencies which arise
later in gestation?
Is there a role of birthweight in defining long-term health

outcomes in twin pregnancies? In twins, there is conflicting
evidence regarding the association between birthweight, post-
natal growth, and an increased risk of metabolic diseases in
adulthood, including obesity, type 2 diabetes, and cardiovas-
cular disease (53), associations that are now well established
in singletons (2). Most of the evidence in twins comes from
classical twin studies, in which the relationships between
health or physiological outcomes and birthweight are com-
pared between monozygotic and dizygotic twin pairs, thereby
theoretically controlling for genotype (54,55). More recent
data, however, suggest that this approach may be too simplis-
tic, as it is now evident that both twins of a twin pair, whether
mono- or dizygotic, are subject to the influences that subtle
differences in the intrauterine environment impose on the fetal
developmental trajectory (53,56). Thus, traditional twin stud-
ies are likely to underestimate the effect of the intrauterine
environment, as both types of twinning will be affected. More
recent studies have taken this into account by making use of
regression analyses that incorporate both a between-twin co-
efficient (accounting for the contribution of shared maternal
factors, such as nutritional status and socioeconomic status)
and a within-twin pair coefficient (accounting for individual
fetal factors, such as individual nutrition, metabolic, or hor-
monal status) to provide more information on the role of the
intrauterine environment (57–59). There have been limited
studies that have compared the long-term health outcomes
within a twin pair; therefore, it is not clear whether the twin of
lower birthweight has poorer health outcomes than the heavier
twin in the pair, and it may well be that both twins are in fact
equally affected.
Similarly, two recent studies in large animal models have

provided conflicting data on the effect of LBW due to twin-
ning on blood pressure in postnatal life. Ross et al. (60) found
that twins had significantly greater systolic, diastolic, and
mean arterial pressures compared with singleton lambs at 21 d
of age. There was some concern that this result may have been
confounded by the fact that the animals were dehydrated
during the blood pressure measurements, and a comparable
study by De Matteo et al. (61), in which blood pressure was
assessed in the hydrated state, found no differences between
blood pressure in twins and singletons at 8 wk of age. Fur-
thermore, within-twin pair analysis in this study showed that
there was no significant difference in current weight or in
mean arterial pressures between twins that had been heavier or
lighter at birth (61). In contrast, HPA axis activity in young
adult twin sheep is increased compared with singleton controls
and is also inversely associated with the within-twin coeffi-
cient for birthweight, suggesting an association with fetal
growth (39). Thus, further studies in species that bear single-
ton and multiple offspring will be required to adequately
address the relationships between long-term physiological
outcomes that may impact on disease risk and birthweight/
fetal growth in twins, in particular, studies that directly com-
pare postnatal outcomes in IUGR singletons and normally
grown twins.
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Implications of the Developmental Differences Between
Singletons and Twins for Research Into the
Developmental Origins of Adult Disease

Despite the controversy about the potential differences that
may or may not exist between twins and singletons, the use of
multiple pregnancies as a means of generating IUGR offspring
in both small and large animals has been used relatively
widely to study the developmental origins of adult health
outcomes. In these studies, it is relatively common to see
twins defined as “spontaneous” or “natural” forms of growth
restriction, and some studies have grouped together multiple
births and singletons which fall within the accepted definition
of IUGR (62–65). These studies have argued that growth
restriction per se (defined by birthweight), independent of its
origin, is the principal determinant of fetal programming (62).
In litter-bearing species, such as the guinea pig, rat, and pig,

natural variations in birthweight between litter mates have
commonly been used to study differences between low-
birthweight and high-birthweight individuals (66–68). In the
pig studies, Poore and Fowden (67,68) demonstrated that
LBW pigs exhibited accelerated (catch-up) growth in the
immediate postnatal period, as well as impaired glucose tol-
erance, insulin sensitivity, and cardiovascular and endocrine
function in adolescence and adulthood compared with their
high-birthweight counterparts. In the sheep, a principally
monotocous species, ewes have been selectively bred to bear
4–5 lambs with a range of birthweights, and the LBW lambs
born to these ewes exhibit postnatal hyperphagia and acceler-
ated growth, increased adipose tissue deposition, and reduced
muscle mass when compared with their higher birthweight
counterparts (64,69,70). These studies therefore seem to pro-
vide evidence that growth restriction induced as a conse-
quence of the presence of multiple fetuses within the same
uterus is associated with the same profile of postnatal out-
comes as reported in growth-restricted singletons.
However, the question of whether fetuses of polytocous

species are resistant to developmental adaptations in response
to additional (or fewer) fetuses has not been addressed. It
is, of course, impossible to have singleton controls in
litter-bearing species; studies in which species have single-
ton and twin pregnancies, such as the human and the sheep,
are necessary to separate out the effects of singleton versus
multiple conceptions.

Summary and Conclusions

This review has drawn on data from clinical and experi-
mental animal studies to focus on the question of whether
twins are analogous to IUGR singletons in their intrauterine
growth and long-term health outcomes. Although there is clear
evidence that the trajectory of fetal growth and development
of key regulatory systems including the HPA and glucose-
insulin axis in utero is different in twins compared with IUGR
singletons, whether small twins have the same long-term
health outcomes as IUGR singletons of comparable weight
and gestation remains unclear. Experimental animal studies of
the smallest offspring of litter-bearing species have reported
similar physiological outcomes in these spontaneously

growth-restricted offspring compared with those reported for
IUGR singletons. However, it seems likely that the smallest of
these higher order multiples develop in a significantly com-
promised intrauterine environment that is different to that
experienced by the healthy twin fetus.
In humans, the ability to assess whether twins have similar

long-term outcomes as IUGR singletons has no doubt been
confounded by the high rate of preterm births in this infant
population since preterm delivery is associated with its own
set of long-term health issues. There are currently few data on
the long-term metabolic and cardiovascular consequences of
preterm birth, and it is difficult to separate the effect of preterm
birth from reduced size at birth.
It is, therefore, clear that more clinical studies that examine

the outcomes of IUGR in twins born at term and studies in
predominately singleton and twin-bearing animal species that
directly compare the postnatal outcomes of twins and IUGR
singletons are required to understand fully the long-term
implications of twinning.
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