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ABSTRACT
The aim of the study was to establish whether 
karyotyping of both partners should be carried out on 
every infertile couple regardless of the cause of their 
infertility. In fact in Italian infertility centers karyotyping 
is often performed in all couples besides the universally 
accepted indications : hypergonadotropic amenorrhea, 
premature menopause, recurrent miscarriage, severe 
male infertility . This approach is labour and cost-
expensive. 
We evaluated the incidence of chromosomal 
abnormalities in a retrospective cohort of 7,196 infertile 
couples, referred for assisted reproduction, to define 
evidence-based criteria to recommend karyotyping 
during infertility assessment. 
A total of 185 pathologic karyotypes were identified 
(1,28%), 120 in men (1.66 %) and 65 in women (0.90 
%). The most frequent abnormalities were reciprocal 
translocations both in men (29/120, 24.16%) and in 
women (24/65, 36.92%). The incidence of chromosome 
abnormalities in infertile males was: 16.95% in 
azoospermic males,  4.70% in severely oligozoospermic,  
1.83 % in mildly oligozoospermic, and 0.78% in normal 
semen group. 
Our data definitely indicates that, outside the universally 
accepted indications, the incidence of abnormal 
karyotype is not different from the general population. 
Our results do not support the indication to prescribe a 
karyotype analysis in every couple undergoing Assisted 
Reproductive Technology.
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SOMMARIO
Lo scopo dello studio è stato quello di stabilire se l’esame 
del cariotipo di entrambi i partner debba essere eseguito 
su ogni coppia infertile indipendentemente dalla causa 
d’infertilità.
Nei Centri Italiani, il cariotipo è spesso effettuato in tutte 
le coppie al di fuori delle indicazioni universalmente 
riconosciute: amenorrea ipergonadotropa, menopausa 
precoce, aborto abituale, grave fattore maschile. Questo 
approccio porta ad un aumento dei costi e tempi del 
percorso.
Abbiamo quindi eseguito un’analisi retrospettiva, 
valutando l’incidenza di anomalie cromosomiche in una 
coorte di 7.196 coppie infertili, inviate per riproduzione 
assistita, per definire criteri basati sull’evidenza 
volti a indicare l’esecuzione del cariotipo durante la 
valutazione diagnostica. 
Sono stati indentificati 185 cariotipi patologici (1,28%), 
dei quali 120 nei maschi (1,66%) e 65 nelle femmine 
(0,90%).
Le incidenze delle anomalie cromosomiche nelle quattro 
categorie maschili sono state: 16,95% nei maschi con 
azoospermia, 4,70% in caso di severa oligozoospermia, 
1,83% nell’oligozoospermia moderata e 0,78% nel 
gruppo con esame seminale normale.
In conclusione i nostri dati indicano in maniera chiara 
che, al di fuori delle indicazioni universalmente accettate, 
l’incidenza delle anomalie del cariotipo in pazienti 
infertili non differisce da quella della popolazione 
generale. I dati quindi non supportano l’indicazione a 
prescrivere l’analisi del cariotipo in ogni coppia che si 
sottoponga a tecniche di riproduzione assistita.
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INTRODUCTION
According to literature, it can be speculated 

that about 15% of male and 10% of female 
infertile patients have some genetic alterations, 
part of which is represented by chromosome 
abnormalities(1). Indications to perform a 
karyotype analysis are well established in definite 
conditions(2). For example, many studies have 
demonstrated a higher incidence of chromosome 
abnormalities in males with severe sperm 
impairment. Therefore, testing for karyotype is 
mandatory in males with infertility due to a severe 
sperm factor(3,4). Among women, genetic tests are 
also part of the diagnostic work-up in case of 
hypergonadotropic amenorrhea, since amenorrhea 
could have a possible genetic aetiology(5,6). 
Karyotype is also indicated in both partners in 
cases of recurrent pregnancy loss(7).In 2002, Foresta 
et al.(1) set up a proposal of guidelines for the 
genetic testing of infertile couples. They suggested 
that a karyotype analysis should be performed in 
both members of a couple undergoing Assisted 
Reproduction Technique (ART). However the 
General Guideline and Quality Assurance for 
Cytogenetic from the E.C.A. of 2012(8) recommends 
that karyotyping should be used only in couple 
with infertility of unknown aetiology. According 
to the guideline from N.I.C.E., published in 2013(9), 
testing should be done in specific cases with 
a severe male infertility. Therefore there is no 
consensus between  geneticists whether routine 
karyotyping of both partners should be carried 
out on every infertile couple regardless of the 
cause of their infertility. In the absence of robust 
data, in Italy there is not a general agreement 
and the evaluation protocols offered to infertile 
couples and the prescribing behaviour between 
professionals vary among different Italian regions. 

The aim of the study was to establish incidence 
of chromosomal abnormalities in a retrospective 
cohort of 7,196 infertile couples to define evidence-
based criteria to recommend karyotyping during 
assessment of peoples with fertility problems. 

MATERIALS AND METHODS
Since 1995 all couples referred to the two public 

IVF Units in Genoa (Italy) for primary infertility, 
lasting two years or longer, have been tested for 
karyotype in the Regional Genetic Laboratory, 
regardless of the aetiology of their infertility. 
The retrospective study was approved by local 
institutional review board.

The results of the tests performed between 
1995 and 2015 were retrospectively collected and 
subsequently matched with the databases of the 
two IVF centers. Only the results of couples where 
both partners were analysed were selected for this 
study. 

In addition a specific retrospective subgroup 
analysis was conducted on data of males referred 
for andrological consultation for pure male 
infertility factor. This subgroup included patients 
with azoospermia or oligozoospermia confirmed 
by at least two consecutive semen analyses. 
Males with normal semen or with sporadic 
semen alterations were used as control group. 
Semen analyses were performed during the study 
according to the indications present in the WHO 
manuals in use at the time of sample collection 
(WHO 1987, 1999, 2010)(10).

Azoospermia, severe oligozoospermia, and 
mild oligozoospermia were respectively defined 
as: the total absence of sperm cells in seminal 
fluid, a sperm cell count of <5 millions/mL, and 
a sperm cell count between 5 and 20 million/mL. 
Centrifugation of specimens was always 
performed in every case of azoospermia, according 
to international guidelines. 

Karyotype analysis was performed on 
peripheral blood lymphocytes according to 
standard procedures. 

Metaphases were stained with quinacrine 
mustard (Sigma-Aldrich, Steinheim, Germany) 
and analysed at a resolution level of 400 bands for 
all patients as indicated in the Italian Guidelines 
for the Cytogenetic Diagnosis(11) in use at the time 
of sampling (1995, 2007, 2013).

Breakpoints of reciprocal translocations and 
inversions and characterization of supernumerary 
chromosome markers were confirmed by 
fluorescent in situ hybridization (FISH). FISH, 
was performed according to manufacturer’s 
instructions by using commercial probes, or it was 
performed as described by Lichter and Cremer 
when using in-house made single copy DNA 
probes(12).

RESULTS
We collected data from 7,196 couples (14,392 

subjects). A total of 185 pathologic karyotypes 
were diagnosed (1.28%), 120 in men (1.66%) and 
65 in women (0.90%). In one couple both partners 
showed an abnormal karyotype (0.013%).
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Tables 1 and 2 show all the abnormal 
karyotypes diagnosed in male and female patients 
respectively.

The frequency of the various abnormalities is 
detailed in Table 3. The most frequently recovered 
abnormalities were reciprocal translocations both 
in men (29/120, 24.16%) and in women (24/65, 
36.92%). 

The incidence of chromosome abnormalities in 
the four male groups, divided according to their 
sperm count, was: 16.95% in azoospermic males, 
4.70% in severely oligozoospermic, 1.83% in mildly 
oligozoospermic, and 0.78% in the group with 
normal semen analysis (Tab. 4). Results changed 
slightly but not significantly after exclusion of 47, 
XYY cases (Tab. 4). 

DISCUSSION
The frequency of chromosome abnormalities in 

live births of the general population is reported to 
be 0.92%(13). Since a proportion of newborns with 
abnormal karyotype will not gain the adult age, 
due to the severity of their pathology, it can be 
inferred that the frequency of abnormal karyotype 
among healthy adults should not be higher than 
0,9%.Moreover in a large-scale survey of over 
10,000 sperm donors 38 karyotype aberrations 
(0.37%) were diagnosed, including 21 balanced 
chromosomal rearrangements (0.2%). Semen 
parameters were always normal, suggesting 
that not all chromosomal aberrations have 
consequences on spermatogenesis(14) and that 
a minimum incidence of abnormal karyotype 

Table 1.
Abnormal karyotypes diagnosed in males (n° 120)

Table 3.
Incidence of various chromosome abnormalities

Table 4.
Chromosome abnormalities according to severity of male factor infertility 
including and excluding 47,XYY 

Table 2.
Abnormal karyotypes diagnosed in females (n°65)
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around 2/1000 (0.02%) should also be expected in 
the population of normal fertility.

Male factor infertility has been associated 
with karyotype anomalies. Routine karyotyping 
of infertile men with unexplained azoospermia 
and oligozoospermia (<10 million/ml) is today 
recommended(15). In a review of 11 studies 
involving 9,766 azoospermic and oligozoospermic 
men, sex and autosomal anomalies were found 
respectively in 4.2 and 1.5%(16).

Recently two large studies from the USA 
reported an incidence of karyotype abnormalities 
in infertile males varying from 8.2% (668 
analysed cases)(17) to 14.3% (2,242 analysed 
cases)(18). According to the largest study in 
cytogenetics of male infertility(19) the more severe 
the oligozoospermia is, the higher the frequency 
of chromosomal abnormalities is. Patients with 
less than 10 million spermatozoa/ml show a 10 
times higher incidence (4%) of abnormalities with 
respect to the general population. In patients 
with <5 million spermatozoa/ml the percentage 
of abnormal karyotypes is 7–8%, and in patients 
with non-obstructive azoospermia the percentage 
rises to 15–16%. The most frequent abnormalities 
in azoospermia and severe male factor infertility 
patients are sex chromosome aneuploidies. 
Klinefelter syndrome (47,XXY) represents the most 
common abnormality, followed by Y chromosome 
terminal deletions (Yq-) and structural autosomal 
abnormalities. About 20% of 47,XXY patients 
presents different grade of mosaicisms (47, 
XXY/46, XY, 47,XXY/45,X/46,XY). On the 
other hand, in oligozoospermic patients the 
abnormalities are mainly structural autosomal 
rearrangements (Robertsonian translocations, 
reciprocal translocations, paracentric inversions 
and marker chromosomes).

In the present study all subjects, men and 
women, referred to the two IVF Units after at least 
2 years of unsuccessful attempts underwent an 
evaluation of their karyotype, regardless of the 
aetiology of their infertility. This allowed us to 
have a really unbiased group of infertile couples. 

There are four Italian studies similar to this 
one. The first study reported data on 2,078 couples 
referred for ART, finding abnormal results in 
2.02% of males and in 1.92 % of females(20).

The second study analysed the incidence 
of chromosome abnormalities according to 
the type of ART planned for the couple(21). The 
authors found a higher incidence of pathological 
karyotypes in male partners of couples scheduled 
for ICSI (2.2%) than in those who were about to be 
treated with IVF (1.1%) or IUI (0.3 %). In females 

the incidence of pathological results was overall 
1.3% and it did not vary according to the ART 
procedure.

A third Italian group studied 1,146 couples 
scheduled for ART. The authors reported a 
frequency of abnormalities of 1.52% (1.83% in 
men and 1.2% in women). Interestingly they also 
evaluated the outcome of pregnancies obtained in 
couples with karyotype abnormalities and found 
that 41% of pregnancies ended in a miscarriage(22).

A more recent Italian study, which reported on 
1,762 infertile couples scheduled for ART, found 
an incidence of chromosome abnormalities of 
1.82% in males and 1.53 % in females(23). The data 
of the four studies are summarized in Tab. 5.

To the best of our knowledge this study 
represents the largest cohort of infertile couples 
tested for chromosomal abnormalities (7,196 
couples). Overall, in contrast to the results 
reported by other groups, we did not found 
an increase in abnormal karyotypes in women 
(0.90%), with respect to the general population. A 
possible explanation could be that all the referred 
couples were tested, regardless of the diagnosis, so 
avoiding any selection bias. 

Our data confirmed a higher incidence of 
chromosomal abnormalities (1.66%) in males 
with semen abnormalities. In agreement with 
previous reports, karyotype abnormalities were 
higher in azoospermic (16.95%) and severely 
oligozoospermic patients (4.70%), than in mild 
oligozoospermic cases (1.83%). This data were 
confirmed also after exclusion of 47, XYY males 
(Tab. 4), as the proportion of these subjects is 
increased in infertile population(24).

Recent studies show that the 47, XYY patients 
may display altered meiotic segregation, increased 
sperm apoptosis and necrosis, which could 
lead to semen abnormalities and subsequent 
infertility(25,26).

On the other hand, the male subgroup with 
normal or sporadically abnormal semen analysis 
showed an incidence of abnormal karyotypes 
similar to the general population. 

Table 5.
Comparison among results reported by this and other four Italian studies
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Previous recommendations have suggested 
to perform a karyotype analysis on every 
couple undergoing an IVF treatment(1). This was 
justified by the hypothesis that infertile couples 
undergoing ART could have a higher incidence of 
chromosome abnormalities and by the potential 
advantages in cases of pathological results, such as 
the opportunity to perform PGT (preimplantation 
genetic testing) on the embryos, to avoid the risk 
of miscarriage and unexpected adverse neonatal 
outcome. Those arguments could be questionable 
as the incidence of abnormal results is higher 
only in the subgroup of patients with semen 
abnormalities. Moreover karyotype analysis is 
labour and cost-expensive thus increasing the 
Italian Public Health burdening.

Our study, on a very large cohort of infertile 
couples, did not demonstrate a higher incidence 
of chromosomal abnormalities in males without 
semen abnormalities and in women.

These findings indicate that karyotyping should 
be performed only in selected infertile couples 
on the basis of an accurate clinical assessment. 
A multidisciplinary team (e.g. reproductive 
gynaecologist and geneticist) could be the more 
advisable approach to evaluate infertile patients 
thus to prescribe karyotyping and other genetic 
tests only when appropriate, allowing cost saving 
and the best allocation of available resources. 

ETHICAL APPROVAL
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study were in accordance with the ethical 
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with the 1964 Helsinki declaration and its later 
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