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Abstract
One in 7 couples is infertile at some stage in their reproductive 
life. With an increase in in vitro fertilization (IVF) success rates, 
there has been a dramatic increase in the recommenda-
tions for assisted reproductive technology (ART)-related pro-
cedures. Concerns about the outcome of ART conceptions 
have accompanied their increased prevalence. In the United 
States, approximately 1.5% of all births and 20% of all multiple 
births are due to IVF. Although the perinatal risks associated 
with IVF are much higher in multiple births, even singletons are 
at a higher risk compared with singletons from spontaneous 
conceptions. In a high-order multiple pregnancy through ART, 
the option of fetal reduction should be offered. The perinatal 
health and long-term outcomes of ART pregnancies are largely 
reassuring. There is a need to differentiate between the effects 
of ART versus other confounding factors such as age and infer-
tility on the health outcomes of children born through ART. 
Also, these are influenced by scientific advances in the field 
of ART, obstetrics, and neonatal care over time. The perinatal 
and health outcomes associated with children born through 
ART are discussed in this article.

Key Words: Assisted reproductive technology, in vitro fertili-
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Introduction
In the UK, neonates born through assisted reproductive 
technology (ART) account for over 1% of all births. It 

is estimated that 5 million neonates were born through 
ART until 2011, worldwide. Perinatal risks associ-
ated with ART include multifetal gestations, prematu-
rity, low birth weight (LBW), fetal growth restriction 
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(FGR), perinatal mortality, placenta previa, abruptio 
placentae, pre-eclampsia, and birth defects. The poten-
tial reasons for these increased risks include maternal 
and paternal characteristics such as advanced maternal 
age, medical conditions associated with infertility, use 
of drugs for controlled ovarian stimulation, embryo 
culture, freezing and thawing of embryos, increased 
proportion of multiple gestations and vanishing twins, 
or a combination of these factors. Couple who intend to 
adopt ART should be counseled about these perinatal 
risks. 

Perinatal Risks
Early fetal loss
Spontaneous abortion rates in those undergoing ART 
are strongly influenced by the maternal age, with 
underlying reasons of infertility showing lesser effects.1 
According to the Centre for Disease Control database, 
the rate of spontaneous abortion is 16.5% in ART preg-
nancies.2 With fresh embryo transfer after in vitro ferti-
lization (IVF), the early fetal loss rate is the same as 
that in general population when adjustments are made 
for age and multiple gestations. But the early fetal loss 
rate may be slightly higher with frozen–thawed embryo 
pregnancies.3 The rate of ectopic pregnancy is 2.2% in 
ART, whereas only 0.9% in embryo transfer to a gesta-
tional surrogate, as seen in spontaneous pregnancies.4 
Compared with spontaneous conceptions, heterotopic 
pregnancy is more common in pregnancies by ART 
(1/30,000 vs 1/100, respectively). This increase mirrors 
the transfer of multiple embryos in ART.5

Multiple pregnancy
Multiple pregnancy results in adverse maternal, obstet-
rical, perinatal, and long-term health outcomes. 
Furthermore, the severity of risks rises dispropor-
tionately in relation to the number of fetuses, with 
monozygosity also resulting in higher rates of adverse 
outcomes. The increased monozygotic twinning seems 
to be related to the in vitro culture environment and 
extended duration of culture up to the blastocyst stage.6 
Embryo manipulation, such as assisted hatching, may 
or may not contribute to the risk.7

Currently, about 1 in 5 (20%) of all ART pregnancies 
results in multiple births because of the common prac-
tice of transferring 2 embryos. The rate of singleton, 
twin, and triplets or high-order multiple pregnancies 
was 61%, 29%, and 4%, respectively (6% not deter-
mined at early fetal loss). The proportion of singleton, 
twin, and triplets or more live births was 69%, 30%, 
and 1%, respectively.8,9 The proportion of high-order 
multiple live births is low due to spontaneous and 
induced fetal reduction procedure losses among these 
pregnancies. The couple who choose ART should be 
counseled about selective fetal reduction for triplets and 
high-order pregnancies along with specialized prenatal 
screening and diagnosis.

Preterm births, LBW, and FGR
Multiple pregnancy is a known risk factor for preterm 
birth. Compared with natural twins, the relative risk 
of preterm birth is 23% high in ART twins. Sponta-
neous and elective preterm deliveries have different 
precipitating causes such as infection and placental 
dysfunction, respectively. Similarly, in singletons, there 
is an estimated 2-fold increased risk of preterm birth 
following ART.10-12

Mostly prematurity due to multiple pregnancy results 
in LBW neonates in ART conceptions. But singleton 
neonates born through ART also have an increased risk 
of LBW compared with singletons conceived spontane-
ously (Table).13 Multiple pregnancy is also a relative risk 
factor (40%) for delivering small-for-gestational-age or 
growth-restricted neonates.14 
Maternal and treatment factors also influence ART 
preterm births, LBW, and FGR.14 The number of 
original fetal hearts observed on ultrasonography 
helps determine the risk of preterm births, LBW, and 
impaired fetal growth. In twin or triplet conceptions 
through ART, spontaneous loss of cardiac activity of 1 
or 2 of the fetuses increases the risks of preterm birth, 
LBW, and FGR in the remaining viable twins or single-
tons.15-17 The increase in perinatal risks is proportionate 
to the number of spontaneously reduced fetus and can 
be reduced to a great extent by selective single embryo 
transfer.18  
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Supraphysiologic estrogen and progesterone levels 
due to excess luteal mass and increased serum relaxin 
levels after controlled ovarian hyperstimulation in ART 
increase the risks of preterm delivery in ART singleton 
conceptions.19 Performing frozen–thawed embryo 
transfer (FET) either in natural or artificial hormone 
replacement cycles would correct for the excess luteal 
function in fresh IVF cycles. A meta-analysis shows 
that women (with singletons) who conceived through 
FET were 16% less likely to deliver preterm neonates 
compared with those with fresh IVF singletons.20 

The use of gonadotropins during ART increases  
insulinlike growth factor–binding protein-1 level, 
which has been related to FGR. Placentae in women 
who conceived through ART were significantly heavier, 
thicker, of abnormal shapes, and had abnormal cord 
insertions compared with placentae in naturally 
conceived pregnancies. These observations suggest that 
ART may be associated with placenta-mediated preg-
nancy complications, such as pre-eclampsia, placenta 
abruption, delivery of small-for-gestational-age infants, 
and pregnancy loss.21 

The vanishing twin pregnancies resulting from ART 
have adverse perinatal outcomes than singleton preg-
nancies, and vanishing twins may serve as a confounder 
in the ART singleton data.22 In the Society of Assisted 
Reproductive Technology database of 21,535 singleton 
deliveries conceived through ART, 8% originated 
from a twin or triplet gestation.23 This may account 
for the perinatal risks seen in ART singleton pregnan-
cies. Consequently, elective single embryo transfer is a 
strategy to minimize the risks of prematurity and its 
associated complications and socioeconomic costs.24 
This approach reduces ART-related multiple pregnancy 
to < 10%. The evidence shows that all embryos should 
be cryopreserved and transferred in an unstimulated 
cycle to avoid perinatal adverse outcomes in neonates 
born through ART.25 

A high rate of elective cesarean delivery is observed in 
ART pregnancies compared with spontaneous preg-
nancies (11.4% vs 6.7%).26 This is because of exces-
sive parental anxiety in view of precious pregnancies, 
intense monitoring during antenatal period, and 

 
Absolute 
Risk ART 

Pregnancies, %
OR (95% CI)a

Perinatal Risks

 Preterm birth 11.5 2.0 (1.7–2.2)
 Low birth weight (< 2500 g) 9.5 1.8 (1.4–2.2)

 Very low birth weight (< 1500 g) 2.5 2.7 (2.3–3.1)

 Small for gestational age 14.6 1.6 (1.3–2.0)
 NICU admissions 17.8 1.6 (1.3–2.0)
 Stillbirth 1.2 2.6 (1.8–3.6)
 Neonatal mortality 0.6 2.0 (1.2–3.4)
 Cerebral palsy 0.4 2.8 (1.3–5.8)

Maternal Risks

 Pre-eclampsia 10.3 1.6 (1.2–2.0)

 Placenta previa 2.4 2.9 (1.5–5.4)

 Placental abruption 2.2 2.4 (1.1–5.2)
 Gestational diabetes 6.8 2.0 (1.4–3.0)
 Cesarean delivery 26.7 2.1 (1.7–2.6)
Genetic risks

Epigenetic or imprinting 
disordersb 0.03

17.8 
(1.8–432.9)

 Major birth defects 4.3 1.5 (1.3–1.8)

 Chromosomal abnormalities (post-ICSI)

De novo sex chromosomal 
aneuploidy 0.6 3.0

Structural autosomal 
abnormalities 0.4 5.7

Table. Potential Adverse Outcomes in Singleton In 
Vitro Fertilization Pregnancies

ART, assisted reproductive technology; CI, confidence interval; 
ICSI, intracytoplasmic sperm injection; NICU, neonatal intensive 
care unit; OR, odds ratio.
aAssisted reproductive technology singleton compared with 
spontaneously conceived singleton offspring.
bAbsolute risk and odds ratio reported for Beckwith Wiedemann 
Syndrome.

Adapted from: Reddy UM, et al. Infertility, assisted reproductive 
technology, and adverse pregnancy outcomes: executive 
summary of a National Institute of Child Health and Human 
Development workshop. Obstet Gynecol. 2007;109(4):967–977.
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frequent interventions apart from the inherent risks of 
ART pregnancies (Table).

There is an increased risk of pre-eclampsia in ART 
singleton conceptions because of defective placentation. 
The risk of gestational diabetes is 2-fold higher with 
singleton pregnancies following IVF compared with 
natural conceptions (Table).

Birth defects
One of the primary issues related to ART is whether 
neonates born through these procedures have birth 
defects. A study was conducted in 3,09,000 Australian 
children, among which 6163 were conceived through 
ART. The study results show that 9.9% of neonates born 
through intracytoplasmic sperm injection (ICSI); 7% 
of neonates born through IVF; and 5.8% of neonates 
born naturally had birth defects. The risk of birth 
defects increases slightly among neonates born through 
ART (8%) compared with those born through natural 
conception (6%).27 In a Dutch registry study, major 
birth defects in 4224 neonates born through ART 
(3.2%) were compared with 3,14,605 neonates (2.7%) 
born through natural conception. A small increase in 
birth defects seems to be due to parental characteris-
tics such as age, parity, infertility, multiple births, and 
preterm births. Whether ART procedure itself leads to 
increased birth defects is still not possible to answer.28 

In infertile population, the rate of birth defects was 
3.8% with ART conceptions compared with 3.3% in 
spontaneous conceptions. This suggests that the inci-
dence of birth defects was not different within the 
infertile population whether conceived through ART 
or spontaneously. Neonates born to infertile couples 
(through both spontaneous and ART) had high rate of 
birth defects (3.75%) compared with birth defects in 
general population (2%), as recorded by the European 
Surveillance of Congenital Anomalies (EUROCAT). 
Infertility itself is a determinant for increased birth 
defects seen in ART conceptions.29

Most common birth defects observed are congen-
ital heart defects (0.7%), limb defects and oral clefts 
(0.39%), and anomalies of urinary tract (0.27%) and 

nervous system (0.12%). The absolute risk for any 
specific birth defect after ART is small (Table). 

Stillbirths
A prospective follow-up study of 20,166 singleton preg-
nancies shows a statistically significant 4-fold increased 
risk of stillbirth in ART pregnancies compared with 
natural pregnancies. The rate of stillbirth in women 
who conceived through ART was 16.2/1000, whereas 
2.3/1000 in those who conceived through non-IVF 
methods30 (Table). 

Health Outcomes
Cancer
In 2012, a study was conducted in 1091 Greek and 
Swedish neonates with leukemia or lymphoma. The 
study results show that 3% of Greek neonates with 
leukemia and 2.7% of Swedish neonates with leukemia 
were conceived through ART compared with 1.8% and 
1.6% of controls, respectively.31 However, no association 
was observed between conceiving through ART and 
lymphoma. A Dutch study reports an increased risk of 
retinoblastoma in neonates conceived through ART.32 
Long-term follow-up studies have to be conducted 
to determine the cause of possible increased risk of 
late-onset cancer due to gene dysregulation tumor  
suppression. 

Epigenetics
Epigenetics is the change in phenotype without a 
change in genotype, which means it does not involve 
changes in the underlying DNA sequence. Epigenetics 
does not involve any change in DNA sequence but gene 
expression is altered by DNA methylation and histone 
modification of chromatin.33 Genomic imprinting is 
the epigenetic phenomenon by which certain genes 
from only one of the parental alleles are expressed in 
a parent-of-origin-specific manner (either maternal or 
paternal). 

ART procedures such as ICSI, embryo culture using 
media, freezing of sperms, eggs and embryos, and 
ovarian hyperstimulation can induce epigenetic 
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changes and perturb the imprints acquired during  
gametogenesis and embryo development. They may 
result in abnormal embryo development.34 Imprinted 
genes in placenta control the supply and demand of 
nutrients to the fetus and hence defects in genomic 
imprinting can result in FGR.35 At present, 3 
imprinting syndromes are associated with ART—Angel 
men syndrome, Beckwith Widman syndrome, and 
maternal hypomethylation syndrome.36 The number of 
ART-conceived children with imprinting disorders is 
too low to recommend routine screening for imprinting 
disorders in children born through ART (Table).

Further research on the long-term health of adults 
born through IVF may reveal the association between 
imprinting defects and diabetes, obesity, and cancer.37 

Several studies show that embryos cultured at 5% 
oxygen levels have better perinatal outcomes than those 
cultured at 20% oxygen levels. Using 5% oxygen level 
during embryo culture can reduce adverse perinatal 
outcomes associated with ART.38 

Neurodevelopmental outcome
A few studies show increased incidence of cerebral palsy 
in neonates born through ART, especially in multiple 
births with the increased risk of preterm delivery. Using 
single-embryo transfer method could significantly 
reduce cerebral palsy rates in neonates born through 
ART (Table).39 There is no association between ART 
and autism spectrum disorders among singleton births 
through ART. But, there is a small increased risk of 
autism in multiple births through ART.40 

The cognitive and emotional development, self-esteem, 
and appreciation of family relationships in chil-
dren born through ART are similar to spontaneously 
conceived children.41

Overall, the neuromotor, language, and behavioral 
outcomes in neonates born through ART appear to 
be similar to those born through spontaneous concep-
tion.42 No significant differences were observed between 
the height and weight of children conceived through 
ART up to 12 years of age compared with naturally 
conceived controls.43 

Long-term health risks
Neonates born through ART are at a moderately 
increased risk of developing hypertension, obesity, and 
diabetes mellitus in adult life. The Barker hypothesis 
states that adverse maternal health conditions during 
antepartum period can impact the long-term health 
of the offspring in adulthood.44 This hypothesis neces-
sitates further studies to determine the association 
between conceiving through ART and development 
of cardiometabolic disturbances in adulthood or even 
earlier during adolescence (Figure). Increase in periph-
eral fat, fasting glucose level, and systolic and diastolic 
blood pressure in children born through ART does not 
depend on confounding factors such as current body 
weight, maternal characteristics, or cause of infer-
tility.45,46 These data strongly emphasize the need for 
long-term metabolic epidemiologic studies in adoles-
cents and adults born through ART.

Figure. Sequence of Events Affecting Long-Term 
Health of Children Born Through ART

Lead Article

ART Techniques and 
Associated Risks
Preimplantation genetic 
screening/diagnosis
Preimplantation genetic screening (PGS) is a proce-
dure wherein cells are biopsied from embryos and are 
analyzed for aneuploidies. Embryos with full comple-
ment of 46 chromosomes are deemed healthy for 
transfer. Preimplantation genetic screening of embryos 
increases ART pregnancy rates in patients with 
advanced maternal age, recurrent implantation failures, 
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and in men with severe oligozoospermia. Preimplanta-
tion genetic diagnosis (PGD) is recommended for indi-
viduals at specific risk of an inherited disease.

According to a case series of 581 children, the birth 
weight and major birth defects in children born 
through ART with PGS were similar to other chil-
dren born through IVF without PGS.47 A prospective 
study conducted in children born through IVF/ICSI 
with PGS up to 2 years of age shows that their mental, 
psychomotor, or behavioral outcomes are not impaired 
by this technique.48

The perinatal mortality rate in singletons born through 
ART with PGS and without PGS was similar (1% vs 
1.3%). But the perinatal mortality rate in multiple 
births through IVF with PGS (11.7%) is significantly 
higher compared with multiple births through IVF 
without PGS (2.5%). First trimester prenatal screening 
for common trisomies is recommended in all post-PGS/
PGD conceptions.49 Children born after embryo biopsy 
during PGD/PGS show similar obstetric, growth, and 
health outcomes in the first 24 months of life compared 
with non-PGS IVF/ICSI children.50 

Blastocyst culture
Studies have demonstrated that the chances of live birth 
after ART is 40% higher with blastocyst transfer (day-5 
embryo) compared with cleavage-stage transfer (day-3 
embryo).51 

Extended embryo culture up to the blastocyst stage is 
associated with an increase in monozygotic twinning. 
This may lead to increased risk of preterm births and 
birth defects in blastocyst transfer ART conceptions, 
which is 50% high compared with natural concep-
tions.52,53

 There is also an increased risk of imprinting disorders, 
overgrowth problems, behavioral, and cardiometabolic 
disorders with extended culture. A sex ratio in favor of 
males has been associated with blastocyst culture.54 

In vitro maturation
In vitro maturation (IVM) is a recent development 
in ART in which immature oocytes are retrieved and 
matured in vitro. The obstetric outcomes and congen-

ital malformation rates are similar in children born 
through IVM compared with children born through 
IVF and ICSI.55,56 A follow-up study of children born 
through IVM up to 2 years of age shows no impair-
ment in neurologic development.57

Donor oocyte
An increasing number of older women and women 
with premature ovarian failure are using oocyte dona-
tion for conception. Pregnancies using donor oocytes 
even when adjusted for maternal age can increase the 
risk of pre-eclampsia and giving birth to low-birth-
weight neonate. The risk of gestational hypertension 
also increases in 16% to 40% of cases.58

Frozen–thawed embryo transfer
Singleton pregnancies due to FET seem to have better 
outcomes than those due to fresh embryo transfer.59 
There is a low risk of perinatal mortality, giving birth to 
small-for-gestational-age and low-birth-weight neonate, 
preterm birth, and antepartum hemorrhage with FET 
pregnancies. Natural uterine environment in a frozen 
replacement cycle is favorable for early placentation and 
embryogenesis, whereas ovarian stimulation in fresh 
cycles alters endometrial angiogenesis and implan-
tation. The physical effects of freezing and thawing 
embryos may filter out weak embryos and allow only 
good quality ones to survive, resulting in better fetal 
growth.20 

A study conducted in 2014 at Gunasheela IVF Centre 
on the obstetric outcomes in fresh and FET pregnan-
cies shows early fetal loss in 13.3% versus 8.75%, birth 
defects 1.38% versus 0%, preterm neonates 7.34% 
versus 3.42%, pre-eclampsia 13.5% versus 6.5%, LBW 
24.2% versus 11.6%, FGR 9% versus 5.4%, respec-
tively. FET pregnancies result in a statistically signif-
icant lower incidence of LBW and pre-eclampsia 
compared with fresh embryo transfer pregnancies.60

Intracytoplasmic sperm injection
ICSI does not appear to confer high adverse perinatal or 
maternal risk over standard IVF.61
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Maternal Factors Affecting 
Outcome
Polycystic ovarian syndrome
A meta-analysis shows that women with polycystic 
ovarian syndrome (PCOS) are at an increased risk of 
gestational diabetes, pre-eclampsia, and preterm birth. 
In addition, an increased risk of admission to neonatal 
intensive care unit and high perinatal mortality, 
which were not observed in multiple births, has been 
observed.62 Weight management is also important in 
women with PCOS. Hence, pre-ART counseling is 
mandatory.

Advanced maternal age
Older women (aged > 35 y) undergoing ART are 
predisposed to perinatal complications such as obstetric 
hemorrhage, pre-eclampsia, and gestational diabetes, 
which results in unfavorable perinatal outcomes 
including preterm delivery, LBW, FGR, and admission 
to the neonatal intensive care.63 This is because older 
women produce aged or subnormal gametes responsible 
for poorer obstetric and perinatal outcomes. Impor-
tantly, older women with medical comorbidities should 
receive pre-ART assessment, counseling, and treatment. 

Genetic conditions 
Successful ART can vertically transmit parental genetic 
disorders to offspring. Infertility could be inheritable 
(Table). There is an increased prevalence of structural 
chromosomal abnormalities: 4.6% in oligospermic 
men, and 1.14% in infertile women (general popula-
tion 0.16%).64 If karyotyping in infertile men and in 
couples with recurrent implantation failure or miscar-
riage show structural abnormalities, it would normally 
be detected and subsequent transmission using PGD 
should be avoided. Sons conceived from infertile men 
with Yq microdeletions will inherit long arm of Y chro-
mosome microdeletions.65

Antenatal screening
All women who conceive through ART are counseled 
and recommended to undergo first trimester combined 

ultrasound (nuchal translucency [NT] and neural tube 
defects [NTD] scan) and biochemical screening for 
Down syndrome and trisomy 13/18.66 Pregnancy-asso-
ciated plasma protein A levels are low in ART pregnan-
cies with fresh embryo transfer, which results in high 
probability of getting false positive results in double 
marker test (first trimester biochemical screening for 
common trisomies).67,68 This leads to increased chances 
of women conceived through ART undergoing chori-
onic villous sampling or amniocentesis. A recently 
conducted study did not confirm the increased false 
positive risk in double marker test.69 A detailed anomaly 
scan to rule out congenital structural malformations is 
recommended between 18 and 22 weeks in all ART 
pregnancies.70 

Preconception counseling
Preconception folic acid 5 mg/day is recommended 
for all women undergoing ART. A complete medical 
assessment is done to ensure that patients are in good 
health before starting ART treatment. Couples should 
be counseled about risks associated with ART. Medical 
disorders and heritable genetic conditions in the couples 
should be addressed. Risk assessment for medical disor-
ders and pregnancy complications is required during 
antenatal care with appropriate referral.

For obese women, prior to ART, lifestyle changes with 
healthy diet and physical exercise are recommended to 
lose excess weight. All men with severe oligozoospermia 
or azoospermia planning for ART should be offered 
karyotyping. They should also be offered genetic coun-
seling if karyotyping reveals a numerical or a struc-
tural chromosomal abnormality. They should also be 
informed about Y chromosome microdeletion testing. 
The option of donor semen insemination should 
also be given.71-75 Men with obstructive azoospermia 
attempting ART should undergo genetic testing for 
mutations in genes related to cystic fibrosis (CF).76 

If the male partner is tested positive for CF mutation, 
vertical transmission of the common mutations to the 
child can be avoided by testing the female partner and 
performing PGD if she is a carrier.76,77 
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Couples should be counseled regarding prenatal 
screening and aneuploidy testing in pregnancies 
through IVF, after adjusting for mother’s age and 
multiple pregnancies.70 

Conclusion
Multiple pregnancy and prematurity are the principle 
determinants of perinatal health of ART-conceived 
children. Currently, long-term health outcomes of chil-
dren born through ART are largely encouraging. The 
adoption of elective single embryo transfer in frozen– 
thawed cycle improves perinatal outcomes. The inci-
dence of congenital anomalies in neonates born through 
ART and that in the general population is similar when 
adjusted for age and infertility.

Delineation is required whether the ART procedure 
itself or factors inherent to the couple and their infer-
tility are associated with adverse perinatal outcome. 
There is a need for continuous monitoring of the health 
of children born through ART. The pooling of ART 
medical and health records by digitalization and storing 
in a central electronic database helps for future evalua-
tion and research.

It is a challenge to assess the safety of ART and long-
term health outcomes of children born through ART 
because the science of ART is progressive with its 
rapidly evolving novel techniques. So, ongoing surveil-
lance is necessary. For every disease that is cured, the 
treatment will have associated benefits and risks. If 
infertility is treated with ART, it should really be seen 
as no different. 
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