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Abstract
Since 1978, we have witnessed a successful evolution of assisted reproductive technology (ART),
with improvement of the pregnancy rates and a growing demand. However, in recent years, there
has been increasing concern regarding its safety due to the potential health impact on its infants.
The raise of the developmental origins of adult disease has positioned low birth weight (LBW) as
a significant health issue. Despite multiple studies have associated ART with LBW, the etiology
of this association remains largely unknown. This paper reviews the potential association between
different components of ART and infertility with LBW, while acknowledging the limitations to
interpretation of the existing literature.
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INTRODUCTION
Since the late 1970’s, the management of infertility has undergone a radical transformation
that has a profound impact on couples trying to become parents. In 1978, Steptoe and
Edwards announced the birth of a healthy baby girl named Louise Brown. Baby Louise was
quickly labeled the first “test-tube” baby and her birth ushered the modern reproductive
interventions of assisted reproductive technology (ART). Since 1978, the combination of
improving success rates and increasing demand for treatment has led to a dramatic rise in the
number of infants born utilizing ART. Today, well over 5 million babies worldwide have
been born by medical interventions and the number of ART babies is steadily growing with
approximately 1–4% of the current births in developed countries conceived by in vitro
fertilization (IVF) (1).

© 2012 American Society for Reproductive Medicine. Published by Elsevier Inc. All rights reserved.
*Address correspondence to: Laxmi A. Kondapalli, MD MSCE, Address: 12700 East 19th Avenue, Mail Stop 8613, Aurora, CO
80045-0508, Tel: 303-724-6139, Fax: 303-724-7171, laxmi.kondapalli@ucdenver.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

AUTHOR’S ROLES
L.A.K and A.P.P prepared the manuscript. All authors have seen and approved the final version of the manuscript.

CONFLICT OF INTEREST
None declared.

NIH Public Access
Author Manuscript
Fertil Steril. Author manuscript; available in PMC 2014 February 01.

Published in final edited form as:
Fertil Steril. 2013 February ; 99(2): 303–310. doi:10.1016/j.fertnstert.2012.12.035.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In recent years, there has been increasing concern regarding the safety of ART, and
specifically IVF, due to the potential health impact on these infants. At present, multiple
studies have suggested that IVF pregnancies may be at increased risk for preterm birth, low
birth weight (LBW), congenital anomalies, perinatal mortality and several other pregnancy-
related complications compared to unassisted pregnancies (2–7). The etiology of these poor
perinatal outcomes is yet unknown. With the first children conceived through IVF now
reaching adulthood and reproductive age, attention has increasingly focused on the health of
children beyond the immediate neonatal period. Ultimately, patients and providers are most
concerned about the long-term consequences of low birth weight and preterm delivery,
which are still unclear. There is some suggestion that LBW may predispose infants to early
onset of adult disease such as type 2 diabetes (8), hypertension (9), and cardiovascular
disease (10, 11), although the association is not well defined. This is, in part, due to the
scarcity of methodologically sound studies evaluating long-term outcomes in children
conceived with IVF. Furthermore, if such a risk of adverse long-term behavioral and
metabolic outcomes does exist, the precise etiological component of ART and the extent to
which it may be modifiable remains uncertain.

While the specific etiologies of these poor perinatal outcomes is yet unknown, the increased
risk of LBW has largely been attributed to higher rate of multiple gestation associated with
ART. Recent meta-analyses have revealed a higher rate of LBW in IVF singletons and
twins, respectively, compared to natural conceptions (12, 13). Although some data suggests
that singleton infants are also at increased risk of LBW, even at term (3, 4, 14–19), other
investigators have not observed such differences (20–23). For instance, Isaksson et al.
reported that the incidence of LBW in IVF singletons was comparable to unassisted
conceptions (24). In addition to matching for important confounders such as age at delivery,
parity, and number of children at birth and area of residence, careful consideration was
given to the selection of control group in this study. These authors state the inclusion of
appropriate control groups with proper matching may virtually eliminate the increased rate
of adverse outcomes found by other investigators. Furthermore, Dhont et al. found the
incidence of LBW was significantly higher in IVF infants compared to spontaneously
conceived pregnancies (8.1% vs. 4.7%). When adjusting for duration of gestation, this
difference was no longer apparent (25). Research in this domain can be challenging given
the need to separate the effects of ART from the multiple confounding factors that may
influence the outcomes of interest.

POTENTIAL ETIOLOGIES
Multiple mechanisms could be responsible for the adverse outcomes associated with ART
(Fig. 1). These include:

1. The effect of ovarian stimulation on egg quality or endometrial receptivity;

2. The effect of culturing the embryos in vitro during a very sensitive stage of
development; and

3. The contributions of infertile parents, who represent a different population
compared to fertile parents and therefore could be prone to more diseases.

Ovarian Stimulation
Ovarian stimulation has been associated with LBW when compared with spontaneous
conceptions in conceptions with (26–28) and without IVF (4, 29). Several factors may
account for this observation including an alteration in oocyte quality (30, 31), diminished
endometrial receptivity and creation of a poor implantation environment (32, 33).
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Clinical and animal studies suggest that supraphysiological estradiol levels have a direct
toxic effect on the embryo, impairing its implantation potential (30, 34–36), in part by
altering embryonic adhesion properties (30). Elevated estrogen levels can decrease the
duration of the window of endometrial receptivity for implantation and impair uterine gene
expression of implantation-related genes in mice (32). Delayed ovulation, which can occur
in ovarian stimulation, has also been associated to a decrease in embryonic weight and fewer
developing embryos per cycle in mice (31). Furthermore, endometrium exposed to
controlled ovarian hyperstimulation exhibit derangements in morphologic (37), biochemical
(35, 38) and gene expression features. However, these findings have not been replicated in
human studies (39, 40).

Pregnancy associated plasma protein-A (PAPP-A), a macromolecular glycoprotein produced
by the endometrial-placental interface, has been shown to be lower in the first trimester of
pregnancies achieved using ovarian stimulation and its decrease may reflect impairment of
early implantation (33, 41). Additionally, PAPP-A levels have been associated to a higher
risk of small for gestational age (SGA, <10th percentile of weight) (42, 43) and are directly
correlated with insulin-like growth factor (IGF) bioavailability. The IGF system plays an
important role in the communication between the embryo and the endometrium, with IGF-2
likely stimulating implantation and invasion (28). The use of human menopausal
gonadotropins during ovarian stimulation has been associated with increases IGF binding
protein 1- a protein linked to intrauterine growth restriction (44).

Clinical studies revealed women undergoing standard ovarian stimulation had significantly
lower mean birth weight infants those exposed to modified natural cycle with minimal
stimulation (45). A recent retrospective cohort revealed that in addition, IVF patients with
high peak estradiol levels had higher rates of SGA than those who had lower levels (OR
9.40; 95%CI 3.22–27.46) (28) and endometrial thickness may have a protective effect on
LBW, supporting the role of endometrium in fetal growth and perinatal outcome after IVF
(27). Additional studies are needed to identify the specific molecular mechanisms that
underlying LBW.

Embryo – Endometrium Interface
Embryo Culture Media & Epigenetics—In vitro culture conditions have been
investigated as a possible contributor to poor perinatal outcome, including abnormal
birthweight. Emerging data from experimental studies suggests that blastocyst quality and
expression of genes critical for the establishment and maintenance of pregnancy are greatly
influenced by the post-fertilization conditions, specifically embryo culture environment (46).
Several animal models have demonstrated that maturation media can influence levels of
oocyte transcripts and DNA methylation (47, 48). Embryo culture has been associated with
impaired methylation of H19/IGF-2 imprinting control region (ICR). Consequently, IGF2
can be silenced (49) and heterozygous mutations in mice result in 60% reduction in body
weight compared to wild type (50). In humans, differential methylation and gene expression
has been demonstrated in placentas and cord blood collected from infants conceived by IVF
compared to natural conceptions. Of note, some of the differently expressed genes were
related to adipocyte development, insulin signaling and obesity, suggesting a potential way
to affect LBW (51). But mean human H19/IGF2 ICR methylation levels are similar in
placentas and cord blood derived from ART and natural conceptions (49, 52) and IGF2
transcript levels were not correlated with birthweight (53).

In human IVF, a number of questions still remain about the contribution of media type on
birthweight. Several groups report that the type of embryo culture medium has a significant
effect on early embryonic development, subsequent fetal development and birthweight of
IVF infants (54–56). However, a recent retrospective cohort study found no significant
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association between culture medium and birthweight, although these authors did not
specifically report the frequency of LBW or SGA (57).

Fresh versus Frozen Embryo Transfer—The first successful live birth after
cryopreservation of human embryos was reported in 1984 (58). In initial studies, embryo
cryopreservation appeared reassuring and did not seem to adversely influence fetal-perinatal
development when compared to fresh embryo transfer (59). Frozen embryo transfer (FET)
can provide several benefits such as increasing the cumulative pregnancy rates, decreasing
the risk of ovarian hyperstimulation syndrome by avoiding fresh transfer, reducing multiple
gestation rates (60, 61), and may be more cost effective than fresh embryo transfer (62). The
use of fresh embryos has been linked to a higher incidence of LBW compared to frozen
embryos (5, 16, 63–66). In contrast, frozen embryo transfer (FET) seems to be associated
with a better perinatal outcome than fresh embryo transfer, partly due to the embryo
selection process, in which supernumerary embryos are required for freezing. In fact, a
number of studies have suggested a “protective effect’ of frozen embryo transfer (FET) with
lower rates of LBW and SGA compared to fresh transfers (64, 67, 68). A population-based
sibling study found a higher mean birthweight in siblings born after frozen embryo transfer
compared with fresh embryo transfer (17), further supporting the benefit of frozen embryo
transfer.

Shih et al. evaluated the factors affecting LBW after ART, comparing data of fresh and
frozen embryos (5). They eliminated the “patient effect”, in which good prognosis patients
who produce more and higher quality embryos are less likely to have LBW babies, and
identified a difference between the mean birthweight of singletons obtained from fresh and
frozen embryos from the same patients. The authors speculate that FET outcomes are
comparable to unassisted conceptions, and propose that LBW associated with fresh transfer
may be related to ART procedures that differ from FET. Specifically, in fresh transfers,
patients undergo controlled ovarian stimulation, anesthesia and needle aspiration of the
follicles probably affect endometrial receptivity, implantation and early pregnancy (5).
However, these findings are refuted by two retrospective cohort studies demonstrating a
higher rate of LBW among infants resulting from FET compared to fresh transfers and
natural conception (15, 62). Furthermore, Aflatoonian et al. concluded that preterm birth and
LBW in singletons and multiple pregnancies were comparable between FET and fresh ET
groups (69).

Although different hypotheses have been proposed, one prominent difference is the effect of
ovarian stimulation and supraphysiologic estradiol levels on the endometrium that occurs
with fresh embryo transfers, but is absent in FET. A large retrospective cohort study over
56,000 IVF singleton births in the US Society of Assisted Reproductive Technology registry
investigated the association between the supraphysiologic hormonal environment and
adverse perinatal outcomes by comparing infants born after fresh versus frozen and thawed
embryo transfer (63). The results demonstrated that the odds of low birth weight, but not
preterm delivery, was significantly higher after fresh transfer (aOR 1.35; 95%CI: 1.20–
1.51), supporting an underlying role for maternal hormonal milieu in pregnancy outcomes.

Day of Transfer and Number of Embryos Transferred—There is conflicting data on
the impact of cleavage versus blastocyst stage embryos on neonatal birthweight with various
investigators identifying opposite results. While Kallen et al. found a higher rate of LBW in
infants resulting from cleavage stage embryos (70), results from other studies, summarized
in a Cochrane review, reported no differences in LBW rate comparing live births from
cleavage versus blastocyst stage embryos (OR 1.13, 0.84–1.54) (2, 71, 72).
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De Sutter et al. suggested that the number of transferred embryos is an important factor to
consider when assessing risk of adverse perinatal outcomes. In a retrospective cohort study
of patients undergoing single embryo transfer (SET) versus double embryo transfer (DET),
mean birthweight was significantly higher in SET singletons compared with DET
singletons. In addition, there was a three-fold increase odds of LBW (OR 3.38, 95% CI
1.86–6.12) in infants resulting from the transfer of two embryos as compared with singletons
born after single embryo transfer. This finding is likely due to the relatively high frequency
of vanishing twins after the transfer of two embryos (73).

Vanishing Twin Syndrome—Embryonic loss and absorption of one twin is commonly
described as “vanishing twin syndrome”. Although the true prevalence is unknown, it is
estimated that 10–30% of IVF singleton live births originated from a twin gestation in early
pregnancy (74–77). A number of studies suggest poorer outcome in IVF survivors of a
vanishing co-twin compared with singletons from single gestations. For example, in a case-
control study of survivors of vanishing twin syndrome and matched singletons, both
conceived by IVF-ICSI, Shebl et al. reported a significantly higher frequency of LBW in
survivors (26.1 vs. 12.0%, p=0.04) (78). Pinborg et al. described a 1.7-fold increased risk of
LBW for live-born survivors of a vanished co-twin compared with singletons originating
from a single gestation (75). It is hypothesized that the presence of greater than one embryo
at the time of implantation may impair the implantation potential of each embryo (73).
Retrospective cohort studies have found a higher risk of LBW among singleton and twin
survivors of a vanishing twin (75, 79, 80), the risk of which increased with gestational age at
the time of vanishing (81). However, other groups have challenged these findings (74, 82,
83). Finally, selective reduction of multiple gestations conceived by IVF may predispose the
surviving gestation to LBW (84, 85).

Placenta—Differences in birthweight seen in ART pregnancies may be related to
placental-mediated mechanisms of growth restriction. For instance, pathologic studies of
ART placentas have shown greater placental thickness and higher prevalence of anomalous
insertion of the umbilical cord in ART-singletons than in controls (86) while ART twin
placentae were thinner, weighed less and had more infarctions compared to non-ART-
conceived twin pregnancies (87). Furthermore, higher frequency of pre-eclampsia, placenta
previa and other placental-associated defects (peripartum hemorrhage, placental abruption
and placenta accreta) have also been reported in pregnancies after ART when compared with
the general population (21, 88, 89).

Underlying Infertility and Parental Characteristics
Some researchers have argued that the increased risk of adverse perinatal outcomes may be
due to the underlying infertility of the couples seeking ART, independent of its treatment
(18, 90, 91). Several studies have reported that women with untreated subfertility who
became pregnant had a greater frequency of adverse outcomes than the general population
(92–95), suggesting that a history of infertility may mediate some of the adverse risks
attributed to fertility treatments. The frequency of perinatal complications was similar to that
in subfertile women who conceived through ART (96). Several studies demonstrate that
infants conceived after >12 months of attempting conception have a higher risk of LBW,
SGA and preterm birth compared to infants conceived within 12 months (97–99), further
supporting the role of underlying maternal factors relating to subfertility with adverse
pregnancy outcomes.

A recent meta-analysis indicates a significant association between subfertility and LBW
(aOR 1.34; 95%CI 1.21–1.48) and to SGA (aOR 1.07; 95%CI 1.03–1.33) and concludes that
infertile couples who conceive without medical treatment are at higher risk of preterm birth
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and LBW with a modest elevated risk of SGA infant (6). In retrospective study, Romundstad
et al. compared singletons from mothers who conceived both spontaneously and by means
of ART. They used mothers as their own controls and controlled by the order of the mode of
conception. They found no difference in LBW in the sibling-relationship comparison,
suggesting that ART has no influence on LBW, but is rather an effect of the underlying
infertility (22). Although, the latter was not directly supported by their data, they highlight
the fact that the control group used by the traditional studies may not be appropriate.

Although IVF singletons have shown an increased risk of SGA and preterm birth compared
to population- based frequencies (100–105), patients undergoing IVF are, on average, older
and more often primiparous than the general obstetric population. Consequently, these
patients carry additional age- and parity-related risks that are known associations with
perinatal complications (25, 106–108). It is plausible that the underlying etiologies that
contribute to infertility may be involved with the causal pathway of poor adverse perinatal
outcomes. Several authors suggest that infertility due to a cervical disorder or anovulation
(109), or prenatal exposure to stress and environmental pollutants may contribute to both
infertility and perinatal outcomes (6, 110).

The evidence of an effect of female infertility has been reinforced by a lower rate of LBW in
subgroups of male-factor infertility in retrospective cohort studies (14, 16, 109). However, a
case-control study found no difference in a composite of LBW and preterm birth (27).
Within male factor infertility, no differences have been found between LBW in patients with
obstructive versus non obstructive azoospermia (111), or when comparing ICSI outcomes
with either testicular, epididymal or ejaculated sperm (112).

LIMITATIONS OF INTERPRETATION
Although the majority of singleton IVF pregnancies are uncomplicated, emerging data
suggests higher rates of adverse perinatal outcomes in singletons conceived by IVF
compared to unassisted conceptions. To date, it has been difficult to isolate the contribution
of ART-procedure related factors from underlying infertility characteristics to the overall
risk. Additionally, these findings must be considered within the context of their
methodological limitations. Principally, much of the current evidence relies on observational
studies, including cohort and case-control designs, based on retrospective data. While some
investigators have used large clinical registries with sufficient numbers, many studies
consist of data from single center with modest sample sizes. Additionally, prospective
studies and randomized controlled trials may not be feasible or appropriate when exploring
ART outcomes, given the financial and ethical considerations.

The term “infertility” has been used to describe a heterogeneous group of patients and varies
between studies. In addition, maternal characteristics associated with infertility may
contribute to adverse perinatal outcomes. Women who utilize assisted reproduction differ
from fertile women in a number of important traits that influence pregnancy outcomes such
as age, parity, and socioeconomic status. Although some authors have attempted to account
for known confounders, few studies acknowledge the influence of other potential cofactors
such as parity, smoking status, alcohol consumption, duration of infertility and pre-existing
maternal disease. New data suggests that duration and etiology of infertility are important
predictors of perinatal outcomes (97, 98, 113–115) and further studies should account for
these factors. Inherent differences in ART techniques pose a challenge to the interpretation
of data. Maternal body mass index and weight gain during pregnancy, which have been
associated with fetal growth, are often overlooked. ART pregnancies may be managed
differently exposing patients to iatrogenic causes of preterm delivery and low birth weight.
Patients and obstetricians may treat ART pregnancies as ‘‘precious’’, resulting in more
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intense monitoring and frequent intervention. In fact, a number of studies report higher rates
of labor induction and elective caesarean section (20, 116, 117). In addition, we should
acknowledge secular trends resulting from technological changes in ART procedures and
advances in obstetrical and neonatal care that has occurred over time (118).

The choice of comparison group is critical to evaluation of the true risk associated with
ART. While many studies have compared IVF infants to unassisted pregnancies conceived
by fertile couples, questions still remain. Recent groups have incorporated infertile couples
who conceive using superovulation, not IVF, and subfertile couples who conceive without
assistance. This may better delineate the risk associated with ART procedures from
underlying infertility. Alternative comparison groups include siblings conceived with and
without ART, recipients using donor oocytes and gestational carriers. The lack of proper
matching and comparison groups in studies to date have compromised the interpretation of
results and promoted ambiguity in this area.

Another limitation is the use of surrogate outcomes and the inconsistencies in definition of
these outcomes. For example, many studies only consider LBW, not SGA or IUGR, which
may be more informative endpoints. LBW is not adjusted for gestational age, thus the higher
rate of prematurity among ART-conceived babies may exaggerate the effect in this group.
Further studies should evaluate SGA and IUGR in order to determine more accurately the
effect of ART and to help clarify its etiology. Also, publication bias should be
acknowledged as several studies use the same cohort of infants, either in part or entirety,
resulting in duplication of data with overestimation of the results.

Finally, we acknowledge that LBW and prematurity are often evaluated as feasible
endpoints to assess the effect of ART on long term morbidity and mortality. However,
intrauterine growth restriction or other biologic factor that impacts fetal development may
be the culprit for long term adverse effects of ART, not merely prematurity itself. Further,
However, the underlying insult that induces preterm birth or LBW may also directly affect
the adverse outcome of interest, suggesting collider effect (119, 120). Whitcomb and
colleagues described the “birthweight paradox” as an observation related to birthweight,
neonatal mortality and additional factors associated with both birthweight and mortality,
such as maternal smoking, parity and race. Contrary to expectation, infants seemingly are
the highest risk (e.g. those of low birthweight and with smoking mothers) appear to do better
than those at lower risk (e.g. low birthweight and non-smoking mothers). While some
theories suggest that maternal smoking may modify the risk of low birthweight, these
findings may reflect artificial interpretation resulting from statistical modeling. As such,
birthweight can be consider a collider - a variable in a causal system that is a shared effect of
more than one factor (121). Overadjustment of intermediate factors may result in estimates
that are biased toward the null and affect conclusions (122).

CONCLUSIONS
As ART utilization increases, there is growing concern about its safety, and the potential
impact on long term health. However, the study of perinatal outcomes after assisted
reproductive technologies remains challenging. Difficulties to overcome in the study design
include: inability to randomize to treatment, the immense cost and extended period of time it
takes to conduct a long term prospective cohort, the large loss to follow up rate (exacerbated
by the years it may take for an outcome to become apparent), the use of surrogate markers
for developmental outcomes, and the lack of specificity regarding exposure. Further
epidemiologic and basic science research is needed to help determine the specific etiology
and extent of the increased risks to childhood and long-term growth and development
associated with ART. For example, examination of natural IVF or minimal controlled
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ovarian stimulation cycles may contribute to better understanding of the effects of embryo
quality and endometrium. Animal models can be used to better assess the impact of embryo
culture conditions, including the individual components of culture media, on perinatal
outcomes. Further investigation into the mechanisms responsible for these effects may
identify factors that may be modified to improve outcomes. More translational studies are
needed as alterations in gene expression, particularly imprinted genes, and subtle epigenetic
alterations may account for the phenotypic differences, such as birthweight, reported in ART
infants.
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Figure 1. Possible etiologies of LBW in children conceived after ART
Multiple mechanisms have been proposed as potential etiologies for LBW in ART. Ovarian
stimulation, maternal characteristics and subfertility may act through an impairment of the
embryo or endometrial quality. The impairment in the endometrial quality may result in
placental associated defects. The culture medium and the stage of embryo development at
transfer may act via the embryo quality. The number of embryos trasfered may act through
the vanishing twin hypothesis causing suboptimal implantation. The impairment of the
embryo quality can result in either an insult to its implantation potential or its development
potential.
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