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Abstract Although assisted reproductive technologies
(ART) have become established procedures performed
around the world, there are still many unanswered questions
regarding safety. Possible risks associated with infertility
and ART include (1) those inherent to pregnancy, delivery,
and childhood; (2) those associated with the infertility itself
and its causes; and (3) risks iatrogenic to ART. Although
there are many potential risks associated with ART, it has
become clear that the major risk is multiple pregnancy and
its consequences. Major efforts are warranted to reduce the
risk of multiple gestations with IVF, but it is also clear that
single-embryo transfer is not the solution in all cases.
Moreover, several studies have now documented that peri-
natal outcomes are somewhat poorer in IVF singleton
infants than in spontaneously conceived singletons, but it is
not clear if this increased risk is due to the ART or the
infertility. Concerns about the impact of abnormalities in
genomic imprinting persist at this time, as do risks associ-
ated with the culture conditions and even our environment.
Only time will tell if children born following ART are at
any increased risk of developing certain chronic diseases as
they age. In any case, the risks to IVF children and mothers
are likely to remain higher than those for children and
mothers conceived spontaneously without medical assis-
tance. However, since there have been over 5 million births
after ART worldwide, and the vast majority of pregnancies
and children have been essentially “normal”, it is obvious
that any excess risk must be relatively small. The normality
of most pregnancies mandates that extreme care be exer-
cised in making any changes to current practice.
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Introduction

This review will attempt to delineate potential risks asso-
ciated with ART and consider how they might be mini-
mized. The review is not intended to be all inclusive or a
meta-analysis, but rather it represents one clinician’s crit-
ical observations of a developing field. In order to address
this topic, we will first consider the possible risks associ-
ated with infertility itself and then those associated with
ART. We will consider the complications associated with
multiple gestations, perhaps the greatest risk associated
with ART, followed by a consideration of the risks of
singleton births after in vitro fertilization (IVF). Because of
concerns that ART may alter genomic imprinting, this issue
will be considered next. Also to be considered are the risks
associated with the culture of human gametes and embryos.
These considerations will lead to the logical conclusion
that ART, as currently practiced, is very safe. In fact the
safety of ART is such that any future changes to current
practice should be made only after controlled trials and
careful analysis that any change will not be harmful.

Possible risks associated with infertility and ART

First, it is important to consider all of the possible risks
associated with infertility, and separately with ART. In
general, as first suggested [1], there appear to be three
distinct general areas of risk:

1. The risks inherent to pregnancy, delivery, and intra-
uterine development of the fetus. No one would argue
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that conception and pregnancy do not have inherent
risks for all couples.

2. Any risks associated with infertility and its causes. For
example, it is well-documented that the risks of
pregnancy increase with parental age. In addition,
there are well-documented risks associated with poly-
cystic ovarian syndrome and with oligospermia.

3. Any risks iatrogenic to ART itself. We will discuss
many of those potential and theoretical risks in this
review.

The logical conclusion from this listing is that preg-
nancies and children arising from ART will always be at
slightly increased risk compared to spontaneous
pregnancies.

Potential risks iatrogenic to ART

Possible risks associated with the process of ART are listed
in Table 1. All aspects of ART have potential risk. The risk
inherent in ART that is associated with the greatest pos-
sibility of poor maternal and neonatal outcomes is multiple
gestation. The Centers for Disease Control noted that ART
accounts for only one percent of total babies born in the
USA but accounts for 17 % of twins because couples
undergoing ART are 27 times more likely to have twins
than those conceiving spontaneously. Statistics document
that the number of twin births in the United States rose by
more than three-fourths over the period 1980-2004 [2]. In
2009, one in every 30 babies born in the US was a twin;
that rate was one in 53 in 1980. About one-third of the
increase can be accounted for by an increase in average
maternal age, but two-thirds is likely due to treatment for
infertility. To be sure, it would appear that most of this
increase is due to the use of exogenous gonadotropins for
“controlled ovarian hyperstimulation” in couples with

Table 1 Potential risks iatrogenic to ART

Hyperstimulation

Ovarian torsion

Infection, bleeding, and even death

Failure to conceive

Multiple gestation

Prematurity and “small for gestational age” infants
Birth defects

Health risks later in the life of children born after ART
Disorders of epigenetic imprinting

Risks from handling of gametes and embryos
Risks of culture

Risks associated with cryopreservation

Gamete and embryo “mix ups”
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unexplained infertility [3], but ART can lead to multiple
pregnancies when multiple embryos are transferred.

Risks of multiple pregnancies

Complications of multiple pregnancies include increased
maternal morbidity and both fetal and neonatal morbidity
and mortality [4]. The most important maternal complica-
tions of multiple gestation include pre-eclampsia, gesta-
tional diabetes, and preterm labor and delivery. Most of the
excess perinatal morbidity and mortality is directly related
to preterm birth. The problem of multiple pregnancy is not
easily resolved by multifetal reduction, because reduction
decreases, but does not eliminate, the risk of fetal growth
restriction or loss of the entire pregnancy [5, 6].

Elective single embryo transfer

If multiple gestation is best avoided, and multifetal
reduction has significant difficulties, should elective single
embryo transfer (eSET) become the “norm” in ART?
Several studies have addressed this question. In a meta-
analysis of “good prognosis” cycles only [7], one group
noted that the odds of delivering a term singleton after
eSET were approximately five-fold higher than following
double embryo transfer (DET). Moreover, the odds of
delivering a preterm infant were reduced three-fold, and
the odds of delivering a low-birth weight (LBW) infant
were reduced four-fold. After one fresh cycle, the live birth
rate was lower with eSET (27 %) than with DET, but the
multiple birth rate was also much lower (2 vs. 28 %). The
authors noted that the cumulative live births after eSET
followed by one frozen singleton embryo transfer (38 %)
were similar to that after DET alone (42 %)—but this was
based on data from patients from only two of the eight
studies included in the analysis. There are other problems
with this meta-analysis as well. As noted, only “good
prognosis” patients, that is, those undergoing their first or
second cycle of IVF, those with “good”, well-developed
embryos, and women <36 years of age, were included.
Because the average age of women undergoing IVF in the
US is over age 36, less than half of US women undergoing
IVF in the US would have even been eligible for inclusion
in the study! Moreover, only cycles in which cleavage
stage embryos were transferred on day 2 or 3 were
included.

One relatively small US program established a policy of
mandatory single-embryo transfer (mSET) for all women
under age 38 undergoing a fresh cycle with autologous
oocytes: for all women undergoing a fresh cycle with donor
oocytes, so long as there was no history of a failed fresh
cycle, there were at least seven zygotes (i.e., 2 PN stage),
and there was at least one good- or excellent-quality
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blastocyst available for transfer in 2004 [8]. They com-
pared the 5-year period immediately following the imple-
mentation of the policy to the 5-year immediately
preceding the policy. Fully 75 % of those initially quali-
fying for mSET had it done; however, 25 % did not meet
the blastocyst quality requirement. In all, mSET accounted
for 28 % of all embryo transfers after implantation. The
overall program live-birth rate from all transfers increased
in the 5-year period after implementation to 51.1 %
from 47.8 % in the preceding period—consistent with
improvement in IVF success rates nationwide. The overall
program multiple birth rate decreased from 32.7 to 18.3 %
(p < 0.0001). The live-birth rate for the mSET cycles alone
was 64.4 %, with only 3.4 % being multiple. The cumu-
lative live-birth rate including transfer of cryopreserved
embryos for all mSET couples was 83.8 %. This experi-
ence documents the feasibility of incorporating eSET into
every practice but also emphasizes that even SET will not
eliminate entirely the problem of multiple pregnancies with
ART. These observations raise the question as to whether
in the future this problem might be solved by dissociating
oocyte collection cycles from transfer cycles and using
frozen embryos only for transfer one at a time in sub-
sequent normal cycles.

Although use of eSET reduces the risks of both maternal
and neonatal complications, there have been suggestions
that twins should be considered a desired outcome in IVF
[9]. Using data from a Scandinavian registry, investigators
compared outcomes in all reported twins after IVF with
DET to those in women having two IVF singletons [10].
Preterm birth, very preterm birth, low birth weight, very
low birth weight, and small for gestational age were dra-
matically increased for IVF twins compared with two IVF
singletons with the same mother, with adjusted odds ratios
ranging from 4 to 16. There were also significantly higher
rates of respiratory complications, sepsis, and jaundice
among the IVF twins. Significantly higher rates of pre-
eclampsia, preterm premature rupture of membranes, and
cesarean section were seen in the twin pregnancies as well.

A recent population study examining outcomes after
IVF in Australia and New Zealand reported that the
adjusted risk of perinatal mortality for all births following
fresh DET was 58 % higher than for births following fresh
SET [11].

Increased risks of singleton births after ART

What appears to be true, based on several publications, is
that even singleton births after ART are associated with
increased risks such as low birth weight and prematurity,
independent of maternal age and fetal number, but it must
be acknowledged that the risks are far greater with multiple
gestations. Utilizing data from the SART/ASRM/CDC

database in the United States, Schieve et al. noted that
among singleton infants born at >37 weeks of gestation,
those conceived with ART had a risk of low birth weight
that was 2.6 times the general population [95 % confidence
interval (CI) 2.4-2.7] [12]. This observation has been
confirmed and expanded in several subsequent studies and
meta-analyses.

Jackson et al. [13] conducted a meta-analysis compiling
data from 15 studies comprising 12,283 IVF and 1.9 mil-
lion spontaneously conceived singletons. IVF singletons
were associated with significantly higher odds of perinatal
mortality [odds ratio (OR) 2.2], preterm delivery (2.0), low
birth weight (1.8), very low birth weight (2.7), and small
for gestational age (1.6). Helmerhorst et al. [14] compiled
data from eight studies including 4,582 IVF and 5,641
natural births (some of the data overlap with data included
in the previously discussed meta-analysis [13]). After IVF,
singletons had a relative risk of 3.27 for very preterm
(<32 weeks’ gestation) and 2.04 for preterm (<37 weeks’
gestation) birth. Relative risks were 3.00 for very low birth
weight (<1,500 g), 1.70 for low birth weight (<2,500 g),
1.40 for small for gestational age, 1.54 for being delivered
by cesarean section, 1.27 for admission to a neonatal
intensive care unit, and 1.68 for perinatal mortality. What
not one of these retrospective analyses can do is provide
information about causality. It is possible, and there is
evidence to suggest that will be discussed later, that
infertile couples are inherently at greater risk during
pregnancy than are fertile couples. Moreover, that ethnic
differences may exist in the risks associated with IVF
pregnancies is raised by a report utilizing the 2006 registry
database of the Japan Society of Obstetrics and Gynecol-
ogy failing to find any dramatically increased adjusted risks
of perinatal death, low birth weight, small for gestational
age, congenital malformation, or sex ratio when comparing
singleton IVF pregnancies with singleton spontaneous
conceptions [15].

There is accumulating evidence that the altered hor-
monal milieu or intrauterine environment associated with
the cycle during which oocytes are stimulated, collected
and transferred may be in part responsible for the worse
neonatal outcomes associated with ART. Using the SART
database, Kalra et al. [16] noted that the odds of having a
low birth weight infant (odds ratio 1.35; 95 CI 1.20-1.51),
of having a low birth weight infant at term (1.73;
1.37-2.03) and having a low birth weight infant preterm
(1.49; 1.24-1.78) were all higher in singleton infants con-
ceived following fresh embryo transfer (ET) compared to
those born after frozen embryo transfer (FET). This asso-
ciation was stronger comparing fresh ET and FET in the
same patients (4.66; 1.18-18.38). Consistent with the
hypothesis that the environment at the time of embryo
transfer may in part mediate this increased risk was the

@ Springer



154

Reprod Med Biol (2013) 12:151-158

observation that the percentage of infants with low birth
weight was no different in donor recipients, regardless of
fresh ET or FET [17]. Similarly, data from one large
Australian clinic indicate no difference in birth weight
between infants born following FET (3,352 g) and non-
ART infants (3,341 g); in contrast, infants born following
fresh ET were smaller (3,185 g) [18].

That the hormonal milieu may also increase maternal
risks is suggested by data indicating that the risks of venous
thromboembolism (VTE) and pulmonary embolism (PE)
are increased in pregnancies after IVF [19]. Utilizing data
from Swedish registries collected over almost 20 years and
involving almost 24,000 first pregnancies after IVF and
matched to almost 117,000 spontaneous first pregnancies,
these investigators reported that proportion of women
pregnant for the first time after undergoing IVF with VTE
was 4.2 per 1,000 compared with 2.5 per 1,000 for those
conceiving and subsequently delivering for the first time
spontaneously. The risk for VTE was increased during the
entire pregnancy (p < 0.001; hazard ratio, HR, 1.77; 95 %
CI 1.41-2.23), but especially during the first trimester (HR
4.05; 95 % CI 2.54-6.46). Risks for the two groups did not
differ both before pregnancy and after delivery. Risk for
PE, based on many fewer cases, also was increased after
IVF (p < 0.0034; HR 1.42; 95 % CI 0.86-2.36) and once
more was particularly increased in the first trimester (HR
6.97; 95 % CI 2.21-21.96). Multivariate analysis consid-
ering smoking, singleton or multiple pregnancy, body mass
index, education, marital status, and maternal age among
others did not alter the main finding. Multiple pregnancies
only seemed to further increase the incidence of VTE
above that of singletons.

Data from the Swedish birth registry indicate that infants
born after blastocyst transfer are at higher risk for both
preterm birth (OR 1.35; 95 % CI 1.07-1.71) and congenital
malformations (OR 1.4; 1.14-1.81) compared to infants
born after cleavage-stage transfer [20]. Utilizing data from
the Society for Assisted Reproductive Technologies for
2004-2006, Kalra et al. [21] also have noted that singleton
IVF births after blastocyst transfer, as compared with
cleavage-stage transfer, were at increased risk for preterm
delivery (18.6 vs. 14.4 %, adjusted OR, 1.39; p < 0.001)
and very preterm delivery (2.8 vs. 2.2 %, adjusted OR
1.35; p < 0.001) but not low birth weight (10.3 vs. 9.1 %j;
adjusted OR 1.10; p = 0.06). These findings persisted in
comparing twin births. The authors suggest that blastocyst
transfer may not be warranted unless it results in a reduc-
tion in multiple births. Could it be that these increased risks
are due, as animal data to be discussed later suggest, to
imprinting abnormalities resulting from prolonged culture?
However, it should be noted that, in contrast, Australian
investigators found no statistically significant differences
in a retrospective cohort study between transfers on days 5
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and 6 (blastocyst) and days 2 and 4 (cleavage-stage) for all
maternal and perinatal outcomes [22].

Risks of birth defects after ART

There are also other studies indicating that the incidence of
major birth defects after IVF might be increased. However,
such observations are confounded by the facts that there is
no standard definition as to what comprises major birth
defects and virtually every study has defined them differ-
ently. Moreover, tabulation of information about birth
defects is invariably incomplete.

Olson et al. [23] published a retrospective study from a
single center over a 13-year period. They noted that 90 of
1,462 IVF children (6.6 %) had a major defect compared to
369 of 8,422 naturally conceived children (4.4 %) for an
adjusted odds ratio (OR) of 1.30 (95 % CI 1.00-167). The
odds ratio was also elevated when analysis was limited to
singletons at 1.44 (95 % CI 0.98-2.12). There seemed to be
a significantly greater proportion of cardiovascular and
musculoskeletal defects and syndrome diagnoses after [IVF.
This study was criticized because of the high incidence of
birth defects even in the naturally conceived children, but
the same definition was applied to both groups.

More recently, Davies et al. [24] reported a population-
wide cohort study from a single Australian state over
17 years including over 308,000 births, with over 6,100
from ART. Compared to women conceiving spontane-
ously, women who used ART were older, more likely to be
nulliparous and of a higher socioeconomic status, and were
more likely to have a stillbirth, to deliver by cesarean
section and before 32 or 37 weeks’ gestation, and to have
singleton children with a lower mean birth weight. After
multivariate adjustment for several potential confounders,
the odds ratio (OR) for any birth defect in assisted con-
ception (513 defects, 8.3 %) was 1.28 (95 % CI 1.16-1.41)
compared to spontaneous pregnancies (17,546 defects,
5.8 %). Births after IVF alone and IVF with ICSI together
had an odds ratio after adjustment of 1.24 (95 % CI
1.09-1.41). When the two were analyzed separately, risk
was increased only with IVF with ICSI (OR 1.57; 95 % CI
1.30-1.90). Births in women with a prior ART pregnancy
were also at increased risk (OR 1.25; 95 % CI 1.01-1.56),
and women with a prior history of infertility without ART
had a borderline increased risk (OR 1.29; 95 % CI
0.99-1.68).

Data from the large study by Davies et al. [24] are lar-
gely reassuring and confirm previous smaller studies pub-
lished previously. One difficulty lies with the identification
and recording of birth defects, which are high because of
inclusion of disorders that are not normally included
(such as hemangiomas). The data also indicate that couples
with infertility have a small increased risk of birth
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defects—even without ART. Lastly, the increase risk in
IVF cycles with ICSI is biologically plausible because of
the increased incidence of genetic defects in infertile men.

Hansen et al. [25] presented evidence from Western
Australia that major defects resulting from ART may be
decreasing with time (as the technology improves?).
Investigators examined the prevalence of major birth
defects diagnosed by age six for all ART compared to all
non-ART births and terminations for anomalies from 1994
to 2006. A major birth defect was diagnosed in 172 ART
singletons (8.7 %) and 11,078 non-ART singletons (5.4 %)
for an odds ratio of 1.53 (95 % CI 1.30-1.79). Of note is
the fact that 10.9 % of ART births had a major defect for
the time interval 1994—1998; the prevalence decreased to
7.5 % between 1999 and 2002. The prevalence of birth
defects in non-ART singletons decreased nonsignificantly
from 5.6 to 5.2 % during the same intervals.

What is noteworthy about all these studies of birth
defects following ART is that the increased odds ratios are
similar among all of the published studies.

Concerns have also been raised about the possibility that
cancer risk is increased in children and young adults con-
ceived by IVF [26]. Fifty-three cases of cancer were
identified in 26,692 children born after IVF in Sweden
between 1982 and 2005, against approximately 38 expec-
ted based on the incidence in approximately 2.5 million
total birth for an odds ratio of 1.42 (95 % CI 1.09-1.87).
There were 18 hematologic malignancies (of which 15
were acute lymphocytic leukemia), 17 eye or central ner-
vous system malignancies, and 12 other solid malignan-
cies. The remaining six had Langerhans cell-type
histiocytosis against one expected. This small study
requires confirmation before any increased risk of cancer
after IVF is proven.

A meta-analysis involving eight cohort studies including
almost 750,000 participants failed to find a significant
association between cancer risk and women undergoing
IVF [27]. Utilizing data from Western Australia, other
investigators found no evidence of an increased risk of
ovarian cancer following IVF in women who give birth but
some uncertainty (nonsignificant) regarding ovarian cancer
following IVF in women remaining nulliparous [28].

Risks associated with infertility itself

In an important study, Jaques et al. examined pregnancy
outcomes in 2,171 women who had singleton non-ART
births within 5 years of registering at an IVF clinic for
infertility treatment compared to 4,363 controls [29]. After
adjustment, the subfertile women had increased odds of
hypertension or preeclampsia (1.29; 95 % CI 1.02-1.61),
antepartum hemorrhage (1.41; 1.05-1.89), perinatal death

(2.19; 1.10-4.36), low birth weight (1.44; 1.11-1.85),
preterm birth <37 weeks (1.32; 1.05-1.67), preterm birth
<31 weeks (2.37; 1.35-4.13), and cesarean delivery (1.56;
1.37-1.77). There was also weak evidence for increased
birth defects (1.30; 0.98-1.72) and gestational diabetes
(1.25; 0.96-1.63).

This study emphasizes that, at this time, we cannot be
certain as to what risks are increased in infertile couples
and what risks are increased by ART itself. The data
emphasize the need to inform infertile couples of their
potential increased risk and of the potential increased
risks associated with ART. Still, the vast majority of
children born both to infertile couples and following ART
are normal—and this, too, should be discussed with
patients.

Are disorders of genomic imprinting associated
with ART?

Reports suggested that two recognized disorders of geno-
mic imprinting, Angelman syndrome [30] and Beckwith—
Wiedemann syndrome [31-33] might be increased in
children conceived by ART. These observations were
consistent with numerous studies in animal embryos, pri-
marily mouse, which have documented errors in genomic
imprinting with IVF [34]. It is now clear that the absolute
incidence in humans is low, <1 in 12,000, but counseling
of this possible association is warranted [34]. To date, most
studies have failed to find imprinting errors in children
born after ART, despite the apparent increased association
of these syndromes [35-37].

Scientists are even now attempting to determine what
the mechanism might be for this association with abnormal
syndromes. Turan et al. [38] noted that placentas of in vitro
conceived embryos are derived from fewer stem cells than
those conceived in vivo. The investigators questioned
whether the smaller placentas resulted from imprinting
disorders possibly associated with IVF. These data and this
hypothesis, however, does not square with the observation
derived from the Medical Birth Registry of Norway that
placentas and placental weight/birth weight ratios in
pregnancies conceived by ART were overall significantly
larger than those in spontaneously conceived pregnancies
[39]. It has also been suggested that unfaithful maintenance
of DNA methylation marks following fertilization might
involve the dysregulation of a trans-acting factor altered by
ART [40].

Although the mechanism for any potential disorders
associated with ART may be unknown at this time, it is
possible to theorize several causes associated with infer-
tility and ART that might lead to imprinting disorders.
Some of these are listed in Table 2.
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Table 2 Potential causes of disorders of epigenetic imprinting in
ART

Causes of infertility

Hormonal hyperstimulation

Use of GnRH analogs

Fertilization in vitro

Abnormal spermatozoa

ICSI

Micromanipulation of gametes

Exposure to culture medium—or to a particular component

Culture conditions (oxygen, carbon dioxide, and nitrogen
concentrations; temperature; pollutants)

Maturation of gametes in vitro
Timing of embryo transfer

Cryopreservation of gametes and embryos

Risks associated with the culture of gametes
and embryos

There are also potential risks associated with the culture of
gametes and embryos. One must consider potential effects
from culture conditions, especially temperature and atmo-
sphere; the culture media; and the effects of contaminants
and pollutants.

There is controversy as to whether the concentration of
oxygen in the culture atmosphere can impact the culture.
Three studies suggest an effect. Embryos from 230 first
cycles randomly cultured in 5 % oxygen resulted in more
live births (57.4 %) than those randomly cultured in 20 %
oxygen (42.6 %) [41]. In the second study, of embryos
from 396 women randomized, culture with 5 % oxygen
resulted in a 42 % live birth rate compared to a 32 % live
birth rate in embryos cultured in 20 % oxygen [42]. In the
third study, randomized culture of embryos from 326
women in 5 % oxygen resulted in a higher proportion of
good day 2 embryos (54.7 %) compared to those from 321
women cultured in 20 % oxygen, but the ongoing preg-
nancy rates were not different (31.6 vs. 27.1 %) [43]. The
NIH-supported Reproductive Medicine Network in the
United States is now conducting another larger, random-
ized study.

With regard to culture media, most IVF labs worldwide
now use commercially prepared “proprietary” media,
which is well-tested and undergoes strict quality control
but for which the exact composition is unknown. This,
quite obviously, makes it difficult to assess if there are any
detrimental or beneficial effects of any particular compo-
nent. That there may well be significant differences among
the various media utilized is indicated by one study noting
that, in one small Dutch study (n = 188), birth weights
were significantly higher for embryos cultured in “Vitro-
life” media (3453 g) compared to those cultured in
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“Cook” media (3208 g) [44]. These findings have been
confirmed in a subsequent study by the same group [45]. In
contrast, other investigators failed to detect any difference
in birth weights in a retrospective study comparing
embryos cultured in human tubal fluid with added human
serum albumin to Sage® Quinn’s advantage protein plus
medium [46].

One study raises the possibility that the air quality in the
region in which the IVF is carried out may affect the
results. Legro et al. [47] used air quality monitors from the
US Environmental Protection Agency to estimate pollu-
tants at addresses of 7,403 women undergoing first-cycle
IVF using laboratories in the northeastern United States.
Increases in the concentration of nitrogen oxide at the
patient’s address and at the IVF laboratory lowered chan-
ces of pregnancy and live birth. Increased ozone concen-
trations during ovulation induction at the patient’s address
increased chances of subsequent live birth but decreased
odds of live birth when increased exposure occurred from
embryo transfer to live birth. Fine particulate matter at the
IVF laboratory during embryo culture decreased concep-
tion rates but not live births. These observations clearly
demand confirmation and expansion.

The effects of cigarette smoking on IVF success have
been well-documented. A meta-analysis of 2,314 first IVF
cycles from eight studies showed that odds of pregnancy
were almost halved by smoking [48]. In another study,
couples (one or both) who ever smoked had an adjusted
relative rate, RR, of 2.41 of not achieving an IVF preg-
nancy and 3.76 of not achieving a live birth [49]. More-
over, couples smoking more than 5 years had a RR of 4.27
of not achieving a pregnancy. The number of oocytes
retrieved decreased by 40 % for couples and 46 % for men
smoking the week of IVF. In still another study, smoking
was associated with a significantly lower live birth rate and
a significantly higher rate of miscarriage compared to the
rates in non-smokers [50].

Alcohol consumption also may affect IVF success. Data
from a self-administered questionnaire completed by 2,545
couples undergoing 4,729 cycles were analyzed [51].
Women drinking four or more drinks per week had 16 %
less odds of a live birth compared to those who drank less.
For couples in which both partners drank four or more per
week, odds of a live birth were 21 % lower than those in
which both partners drank less.

Development of children conceived by ART

Data continue to accumulate regarding the development of
children born as a result of ART. Two studies are indica-
tive of what is known about the development and perfor-
mance of these children. Ludwig et al. [52] noted that
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children born after ART are “generally healthy and are
developmentally similar to children born after spontaneous
conception”. Mains reported that children aged 8—17 years
born after IVF scored higher on standardized achievement
tests in the state of Iowa than did their matched peers,
suggesting that IVF does not have a negative effect on
cognitive development [53].

Final thoughts

It is clear from this review that the risks to IVF children
and their mothers are likely to remain higher than those for
children and mothers who do not require treatment for
conception. Because there have now been over 5 million
births after ART worldwide, and the vast majority of these
pregnancies and children have been essentially “normal”,
it is obvious that any excess risks must be relatively small.

However, the fact that almost all ART pregnancies have
been “normal” mandates that extreme care be exercised in
making any changes to current practice. Clinicians should
understand that the atmosphere in this field has changed:
there is no place for changing protocols in the absence of
controlled trials documenting benefit. It is important for
research to continue, but the research must be responsible:
with such research, progress in this field should continue.
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