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Introduction 

Infertility is defined per the Practice Committee of the 
American Society for Reproductive Medicine as “Failure 
to achieve a successful pregnancy after 12 months or 
more of appropriate, timed of unprotected intercourse or 
therapeutic donor insemination” (1). Today, it has become 
possible for subfertile and infertile couples to conceive 
a child with assisted reproduction techniques (ART). 
In vitro fertilization (IVF) and intracytoplasmic sperm 
injection (ICSI) are considered as effective ART. IVF is a 
process by which an egg is extracted by needle aspiration 
and then combined with a sperm so that fertilization 
can occur in vitro or outside the body. In IVF, multiple 
eggs are produced at one time by stimulating a woman’s 
ovulatory process by medications. A typically developing 
embryo(s) is then transferred back to the woman’s uterus 
to achieve pregnancy. Sometimes, to increase the IVF 
process’s success, a procedure known as ICSI is used. 
In ICSI, a single sperm is injected into the body of the 

egg (2). Genetic diseases are classified into chromosomal 
disorders, single-gene disorders, multifactorial disorder, 
and mitochondrial disorders (3). Several studies have 
been conducted to determine the association of these 
genetic defects with IVF. Despite the known benefits of 
IVF and ICSI techniques in infertility treatment, their 
rapid spread has raised scientific concerns about the 
potential association of these techniques with genetic 
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defects. Therefore, we opted to summarize the literature 
and current evidence to answer whether IVF or ICSI 
is associated with an increased risk of chromosomal 
abnormalities in children born after IVF/ICSI treatment 
compared to spontaneously conceived children. Relevant 
published scientific articles were sought in Medline 
database, using combinations of the following key terms: 
“IVF”, “in vitro fertilization”, “ICSI”, “intracytoplasmic 
sperm injection”, “natural conception”, “spontaneous 
conception”, along with “chromosomal abnormalities”, 
“chromosomal defects”, “sex chromosome aneuploidy”, 
and “trisomy”. The eligible studies were considered 
studies exploring the association of IVF/ICSI with 
chromosomal abnormalities compared to spontaneous 
conception. The search included studies published from 
1992 to 2018.

Chromosomal abnormalities and in vitro 
fertilization compared to spontaneous conception

Many types of chromosomal abnormalities exist and could 
be classified as either structural or numerical. Structural 
chromosomal abnormalities mean that part of the 
chromosome is either deleted, extra, or switched to another 
chromosome. Numerical abnormalities are when the whole 
chromosome is either missing or extra to the normal pair 
(4). The effects of chromosomal abnormalities depend on 
the specific abnormality. The most common chromosomal 
abnormality type is aneuploidy. It occurs with an 
abnormal chromosomal number where the chromosome 
could be extra or missing. A trisomy with three copies 
of a chromosome is more common than a monosomy, 
where there is only one copy of the chromosome. A 
common example of trisomy is Down syndrome, where 
an extra copy of chromosome 21 exists, and hence it is 
known as trisomy 21 (4). The earliest stages of human 
development are more susceptible to chromosomal errors 
during meiosis, fertilization, and early cleavage state 
(5). It is noted that the increased rate of chromosomal 
abnormalities may be due to an artifact of the procedure of 
the IVF or the embryonic physiological development (5). 
Earlier, a review of the outcomes of IVF/ICSI on children 
was published in volume 14 of Human Reproduction in 
1999. It stated that the rate of chromosomal abnormalities, 
which seems to be ranging from 2% to 2.5%, with standard 
IVF, is similar to that of the general population. No 
significant difference was found (6). The newer volume 
of Human Reproduction, Volume 17 published 3 years 
later in 2002, included a study that showed similar results, 
and no significant increase in chromosomal defects was 
found in a sample of 4,224 children conceived after IVF 
compared to 314,605 naturally conceived children. This 
study included more than 85% of all Dutch-born between 
1995 and 1996 (7). According to the European Registry 
of Congenital Anomalies, the prevalence of chromosomal 
abnormalities in the general population is about 0.15% 
from 1996 to 2009. A study was published in 2016 to 
compare the percentage of congenital and chromosomal 
defects to that of the general population published by 
European Registry of Congenital Anomalies and Twins. 
It included all pregnancies with IVF or ICSI techniques 
at Humanitas Fertility Center (Milan, Italy) from January 
1996 to May 2009. The incidence of chromosomal 

abnormalities was about 0.2% from 2,351 babies born 
after IVF\ICSI (8). A systematic review was carried out 
with the end date parameter in June 2017, which included 
16 cohort studies with 129,648 IVF/ICSI and 5,491,949 
spontaneously conceived singleton births. Overall, the 
study showed an increased risk of chromosomal defects, 
about 23%, among the IVF/ICSI population [odds ratio = 
1.23; 95% confidence interval (CI): 1.07-1.40] (9). Another 
systematic review published in 2018 studied the risk of 
multiple pregnancies with IVF/ICSI and chromosomal 
defects compared to normal pregnancy. It yielded 21 
cohort studies to be analyzed. The risk was significantly 
higher among the IVF\ICSI multiple pregnancy group 
with a 36% increase (relative risk [RR] = 1.36; 95% CI: 
1.04-1.77) (10) (Table 1).

Trisomy and IVF

In Turkey, a retrospective cohort study published in 
2011 compared cytogenetic data of first-trimester 
abortions in ICSI and spontaneous pregnancies. The 
karyotype analysis revealed that 9.9% (7/71) of the ICSI 
group had trisomy 21 compared to 7.4% (6/81) in the 
control group. The rate of trisomy 13, trisomy 15, and 
trisomy 18 was 4.2%, 5.6%, 4.2%, respectively, in the 
ICSI group compared to 4.9%, 4.9%, and 1.2% in the 
control group. There was no difference in the rate of 
trisomy between the ICSI group (19/71, 26.8%) and the 
control group (23/81, 28.4%) (RR, 0.96; CI, 0.65-1.41). 
The authors concluded that the rate of aneuploidy after 
ICSI is similar to the spontaneous conception (15). In 
2016, a study that was published in the United States, 
which included all live births in three states (Florida, 
Massachusetts, and Michigan) between 2000 and 2010, 
found that for women 35 years or older, there was a 
negative association (p-value, 0.001) between IVF/ICSI 
and Down syndrome (74/64,861 with a prevalence of 
21.27 per 10,000 for ART births vs. 2,603/4,553,215 with 
a prevalence of 37.73 per 100,000; aRR, 0.63; CI, 0.49-
0.80). The investigators suggested that the cause of the 
negative association is probably due to preimplantation 
genetic screening primarily for aneuploidy among 
older women undergoing IVF/ICSI. The prevalence of 
Down syndrome for women younger than 35 years was 
higher in the IVF/ICSI (11.64 per 10,000) compared to 
non-ART births (8.12 per 10,000) (aRR, 0.6; 95% CI, 
0.98-1.96). However, the association was not significant 
(p-value, 0.51). The reason for the increased prevalence 
is unknown. Still, it could be caused by different 
attitudes toward the termination of pregnancy in women 
undergoing IVF/ICSI compared with women with 
natural conception. A potential explanation suggested by 
the authors for the negative association in older women 
and the non-significant positive association in younger 
women is that younger women conceiving with ART were 
less willing to undergo amniocentesis or chorionic villus 
sampling because of concerns about risks to the embryo; 
thus, fewer rates of prenatal diagnoses are made and less 
consequent terminations. Another possible explanation 
is that younger women undergoing IVF/ICSI have more 
severe health issues leading to poorer quality fetuses (8).

A Dutch study published in 2002, which collected data 
from the national perinatal database between 1995 and 
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1996, found that the rate of Down syndrome in neonates 
conceived by IVF was 0.05% (2/4,224) and 0.1% 
(362/314,605) in naturally conceived children (7). They 
concluded that the small increase in the IVF group resulted 
from differences in maternal characteristics and not any 
aspect of the IVF procedure.  A Danish study published 
in 1999, which reported data from the IVF registry from 
1994 to 1995, found the rate of Down syndrome in the 
study group to be 0.2% (5/2,245) and 0.1% (3/2,245) in 
the control group. Also, Edward’s syndrome (Trisomy 13) 
was increased in the IVF group 3/2245 compared to no 
cases reported in the control group (16). A retrospective 
study was conducted in Korea to compare the obstetric 
and perinatal outcomes of dichorionic twin pregnancies 
after IVF and spontaneous conception. One case of Down 
syndrome was found in 286 spontaneously conceived 
infants, and no case was found among 134 IVF infants 
(17). A nation-wide Swedish study was published in 2001 
to identify congenital malformation in an infant born after 
IVF. The study included all IVF infants born between 1982 
and 1997, a total of 9,175 IVF children, and a 1,690,577 
population-based control group. Eighteen cases of Down 
syndrome were observed among 9,175 IVF/ICSI infants, 
while the expected cases were 20.2 (RR, 0.9; 95% CI, 
0.5-1.4) (18). In 1992, a study reported the outcome of 
82 amniocenteses of IVF embryos from 1985 to 1989. 
The main indication for undergoing amniocentesis was 
women’s age (35 years and above). There were two cases 
(3.5%) of Down syndrome among 56 amniocenteses in 
patients older than 35, which is only slightly higher than 
the incidence in natural conception fetuses. Based on the 
small number of patients, the investigators did not believe 
that the results represent an increased Down syndrome 
incidence after IVF treatment (19). Moreover, a cohort 
study that was conducted in Iran and published in 2014 
found the rate of Down syndrome after IVF treatment to 
be 1.8% (1/57) and 1.7% (1/58) after ICSI compared to 
3.1% (7/225) in the control group. However, the authors 
could not propose a precise result due to the limitation 
of the study. For instance, the chromosomal analysis was 
only carried out for clinically suspicious infants (20) 
(Table 1).

Sex chromosome aneuploidy

In 2002, a study reported 2,139 fetal karyotypes from 
seven different studies. Based on the karyotype analyses, 
there was a slight but significant increase in de-novo sex 
chromosomal aneuploidy compared with the general 
population (0.6% instead of 0.2%). However, the 
investigators noted that the ART population might be 
different from the general population in terms of women’s 
age and factors related to infertility (21). A retrospective 
Korean study, published in 2010, evaluated cytogenetic 
results after first-trimester abortion in the ART group 
compared with a control group. Sex chromosome 
aneuploidy was observed in nine (11.69%) patients in the 
ICSI compared to four (6.45%) in the IVF group and two 
(3.23%) in the control group. The authors suggested that 
the increasing number of sex chromosomal abnormalities 
in the ICSI group with male infertility is possibly due 
to the underlying parental risk of abnormalities and not 

due to the procedure itself (22). In 1999, a prospective 
study conducted in Belgium found nine (0.83%) cases 
of de-novo sex chromosomal aneuploidy in the prenatal 
karyotype analyses of 1,082 ICSI infants. The incidence 
of prenatal sex chromosomal aberrations is comparable 
with postnatal incidence. Thus, it was compared with the 
total newborn population and was four times higher, and 
the difference was statistically significant. The mean age 
of the mothers was 32.5 years, which is not explaining the 
higher observed rate. The investigators concluded that a 
higher rate is due to a higher frequency of chromosomal 
aberrations in spermatozoa from men with fertility 
problems rather than the ICSI procedure itself (23).

One of the common sex chromosome abnormalities is 
Turner’s syndrome and Klinefelter’s syndrome. Turner’s 
syndrome is characterized by short stature, gonadal 
dysgenesis, and other physical characteristics, such as the 
webbed neck, cubitus valgus, and congenital heart disease, 
commonly coarctation of the aorta. The prevalence is 
estimated to be 1 in 2,000 females (24). Klinefelter 
syndrome is the most common sex chromosome disorder 
in males, occurring in 0.1%-0.2% of newborn males. It 
is characterized by tall stature, thin body habitus, small 
testes, gynecomastia azoospermia, and infertility (25).A 
cohort study conducted in Italy and published in 2018 
found the prevalence of a 47, XXY karyotype among male 
blastocysts without autosomal aneuploidies to be 0.9% 
(17/1,794). When compared with the prevalence reported 
in the prenatal and postnatal periods (0.1%-0.2%), the 
authors suggested different possible scenarios: the latter 
prevalence is underestimated, 47, XXY blastocysts result 
in a lower implantation rate and higher miscarriage rate 
than euploid embryos, and the prevalence of 47, XXY 
blastocyst is higher in infertile patients of advanced 
maternal age undergoing IVF. The prevalence of 45, X 
karyotype among female blastocysts without autosomal 
aneuploidies was 2.3% (40/1,744). Compared with the 
reported prenatal diagnosis rate (0.2%-0.4%) and the 
conception rate 3%-4% product, the investigators supposed 
that 45, X blastocysts result in a higher miscarriage rate 
and lower implantation rate (26). Another retrospective 
cohort study, published in 2011 and conducted in Turkey, 
compared the cytogenetic data of first-trimester abortions 
in ICSI for non-male factor and spontaneous pregnancies. 
The karyotype analyses revealed that the rate of turner 
syndrome was similar in the ICSI and control group (7% 
(5/71) and 9.9% (8/81), respectively). (11).The risk of 
chromosomal abnormalities with IVF\ICSI conceived 
children remains controversial. As many studies proved 
a significant increase for chromosomal abnormalities 
and syndromes among the IVF population, other studies 
were contradicting and contributed the abnormalities to 
several environmental and technical factors (Table 1).

Most of the reported studies included could not 
separate the IVF/ICSI procedures and calculated the 
risk equivalently. The two procedures sound similar, but 
results might change when each is taken independently, 
as in some studies. However, whether the magnitude of 
change when each is accounted for alone is significant or 
not is not the focus of our review.
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Conclusion

In conclusion, precise results could not be established. 
Studies on sex chromosome aneuploidy showed a 
slightly significant increase in the IVF\ICSI population. 
However, the studies also suggested that the results 
might be flawed, and the cause is not the procedure itself 
but other ill-factors. The review of Down syndrome 
studies was conflicting and fluctuated between positive 
association and no association. A possible explanation 
is while preimplantation genetic screening before ART 
reduces the risk of having a child with Down syndrome, 
maternal old age has a positive association with Down 
syndrome with or without ART. Our understanding of 
IVF’s potential effects is underdeveloped, and further 
comprehensive research is needed to distinguish the 
risks related to parental factors from those exclusively 
resulting from IVF procedures. 
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