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ORIGINAL CONTRIBUTION

Genetic Alterations Associated
With Cryptorchidism
Alberto Ferlin, PhD
Daniela Zuccarello, MD
Biagio Zuccarello, MD
Maria Rosaria Chirico, MD
Giovanni Franco Zanon, MD
Carlo Foresta, MD

CRYPTORCHIDISM IS THE FAIL-
ure of one or both testes to
descend into the scrotal sac
and is the most frequent con-

genital birth defect in male children
(2%-4% in full-term male births).1 Al-
though cryptorchidism is often con-
sidered a mild malformation, it can se-
riously affect men’s health, representing
the best characterized risk factor for in-
fertility and testicular cancer in adult-
hood.2 Important advances in the com-
prehension of the physiology of
testicular descent during fetal life and
in the clinical management of boys with
cryptorchidism have been achieved in
the last few years, but the etiology of
cryptorchidism remains mostly un-
known.2,3

Recent studies have elucidated that
the major regulators of testicular de-
scent are the Leydig cell–derived hor-
mones insulin-like factor 3 (INSL3) and
testosterone, involved, respectively, in
the transabdominal and inguinoscro-
tal phase of testicular descent2 and act-
ing on their respective receptors, RXFP2
(relaxin family peptide 2) and AR
(androgen receptor). A better knowl-
edge of testicular descent and the iden-
tification of animal models of cryptor-
chidism4 has facilitated research on the
possible genetic contribution to hu-
man cryptorchidism. Genetic causes
might be related to chromosomal al-
terations or mutations in INSL3/

RXFP2 and in AR genes.2 However, pub-
lished data are not conclusive because
most studies involved small cohorts of
patients or have been conducted in
adult men with a history of cryptor-
chidism. Furthermore, comprehen-
sive screening for genetic factors asso-
ciated with cryptorchidism has not been
performed.

Therefore, in this study we prospec-
tively screened and followed up a large
number of boys with cryptorchidism for
karyotype, INSL3 (RefSeq NM_005543),
RXFP2 (RefSeq NM_130806), and AR
(RefSeq NM_000044) gene mutations,

relating the findings to the type of
cryptorchidism, birth data, and sponta-
neous descent during the first months
after birth.

Author Affiliations: Section of Clinical Pathology and
Centre for Male Gamete Cryopreservation, Depart-
ment of Histology, Microbiology, and Medical Bio-
technologies (Drs Ferlin, D. Zuccarello, and Foresta),
and Department of Pediatric Surgery (Dr Zanon), Uni-
versity of Padova, Padova, Italy; and Unit of Pediat-
ric Surgery, Department of Medical and Surgical Pe-
diatric Sciences, University of Messina, Messina, Italy
(Drs B. Zuccarello and Chirico).
Corresponding Author: Carlo Foresta, MD, Section of
Clinical Pathology and Centre for Male Gamete Cryo-
preservation, Department of Histology, Microbiol-
ogy and Medical Biotechnologies, University of Pa-
dova, Via Gabelli 63, 35121 Padova, Italy (carlo.foresta
@unipd.it).

Context Cryptorchidism is the most frequent congenital birth defect in male chil-
dren and represents an important risk factor for infertility and testicular cancer. Major
regulators of testicular descent are the hormones insulin-like factor 3 (INSL3) and tes-
tosterone, and disruption of these pathways might cause cryptorchidism.

Objective To determine the frequency of genetic alterations in cryptorchidism.

Design and Setting Case-control study in 2 departments of pediatric surgery in
Italy between January 2003 and March 2005.

Patients Six hundred male infants with cryptorchidism. Boys were followed up for 2
to 3 years (through January 2008) and orchidopexy was performed in those who were
persistently cryptorchid. We analyzed 300 noncryptorchid male children aged 1 to 4
years as controls.

Main Outcome Measures Karyotype anomalies and INSL3, INSL3 receptor, and
androgen receptor gene mutations.

Results The frequency of genetic alterations in boys with cryptorchidism was low
(17/600 [2.8%; 95% confidence interval {CI}, 1.7%-4.5%]) and was significantly
higher in participants with persistent cryptorchidism (16/303 [5.3%; 95% CI,
3.0%-8.4%]; P=.001) and those with bilateral cryptorchidism (10/120 [8.3%;
95% CI, 4.1%-14.8%]; P=.001) than in controls (1/300 [0.3%; 95% CI, 0.1%-
0.8%]). Boys with persistent cryptorchidism had a 17-fold greater odds of having a
genetic alteration (odds ratio, 16.7; 95% CI, 2.2-126.5). The most common genetic
findings in those with cryptorchidism were 8 cases of Klinefelter syndrome and 5
cases of mutations in the INSL3 receptor gene. Genetic alterations were not found
in boys with low birth weight or low gestational age, who had frequent spontane-
ous descent of the testes.

Conclusion In a small percentage of the study population, there was a statistically
significant association between bilateral and persistent cryptorchidism and genetic al-
terations, including Klinefelter syndrome and INSL3 receptor gene mutations.
JAMA. 2008;300(19):2271-2276 www.jama.com
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METHODS
This study was approved by the local
hospital ethics committees and in-
cluded consecutive boys with cryptor-
chidism recruited at the departments of
pediatric surgery of the University of
Messina, Messina, Italy, and Univer-
sity of Padova, Padova, Italy, between
January 2003 and March 2005 and fol-
lowed up until January 2008. Only boys
born to Italian parents were recruited
to obtain a genetically homogeneous
population. Exclusion criteria in-
cluded multiple births, family history
of cryptorchidism, and additional mal-
formations.

Examination of the external genitalia
was performed by the same pediatri-
cians (M.R.C. at Messina and G.F.Z. at
Padova) and recruitment was standard-
ized between the 2 centers. The boys
were examined shortly after birth and at
3 to 6, 12, and 24 months of age. Orchi-
dopexy was performed in boys with per-
sistent cryptorchidism between 2 and 3
years of age. Cryptorchidism was de-
fined as at least 1 testis not being in the
scrotum5; therefore, high scrotal testes
were considered noncryptorchid.1 All ex-
aminations were done in warm condi-
tions with the child supine.

Information on gestational age and
birth weight was collected from birth
records, as these factors can influence
the risk of cryptorchidism. Gesta-
tional age was based on routine ultra-
sonographic findings during preg-
nancy, when available, or on the basis
of the last menstrual period, and less
than 37 weeks was considered pre-
term. Birth weight less than 2.5 kg was
considered low birth weight. Controls
were healthy boys aged 1 to 4 years pre-
senting at the same departments of pe-
diatrics for circumcision, voiding prob-
lems, or other problems not related to
the reproductive system. Each boy had
fully descended testes and no urogeni-
tal anomalies or known syndromes.
Written informed consent was given by
the parents of cases and controls.

Blood samples were drawn at birth
for cases and at the time of first visit for
controls and were analyzed for chro-
mosome alterations by karyotype analy-

sis and for mutations in the INSL3,
RXFP2, and AR genes. Genetic analy-
sis was conducted at the Department of
Histology, Microbiology, and Medical
Biotechnologies of the University of Pa-
dova. Karyotype analysis was con-
ducted by standard cytogenetic tech-
niques with the application of GTG and
QFQ banding on at least 25 meta-
phases from peripheral blood lympho-
cyte culture. Sex chromosome mosa-
ics occurring at a level of less of 5% were
not considered. Pericentric inversions
of chromosome 9 or other structural
chromosomal variants and polymor-
phisms (such as familial inversion of the
Y chromosome or large Y chromo-
some heterochromatin) were consid-
ered normal cytogenetic events. DNA
extraction was performed from periph-
eral blood leukocytes for gene muta-
tion analysis.

For the INSL3 gene, mutation analy-
sis was performed by polymerase chain
reaction (PCR) and direct sequencing of
both exons, as previously described.6 For
the RXFP2 gene, mutation analysis was
focused on exon 8, where the only mu-
tation to date associated with cryptor-
chidism (T222P) is located. This exon
was PCR-amplified and subjected to de-
naturing high-performance liquid chro-
matography (DHPLC), as previously de-
scribed.7,8 Abnormal results were
confirmed with direct sequencing. For
mutation analysis of all 8 exons of the
AR gene, a combination of methods was
used, including PCR and subsequent di-
rect sequencing and DHPLC screening
with eventual sequencing, as previ-
ously described.9,10

For the prediction of possible im-
pact of amino acid substitutions on the
structure and function of the protein,
we performed a physical and compara-
tive analysis using the online free soft-
ware Polyphen (http://genetics.bwh
.harvard.edu/pph) that predicts whether
the amino acid replacement may be
compatible with the spectrum of sub-
stitutions observed at the position in the
family of homologous proteins. The re-
sults of multiple sequence alignment are
expressed as the PSIC (position-
specific independent counts) score, and

a PSIC score greater than 1.0 indicates
a damaging substitution.

Statistical analysis was performed
using the statistical software R (http:
//cran.r-project.org). Differences in the
frequency of genetic alterations be-
tween groups were tested with the
Fisher exact test. We performed 48 tests
(5 genetic outcomes�9 groups plus 3
tests for calculation of odds ratios),
which translates into a statistically sig-
nificant P value after Bonferroni cor-
rection of .05/48� .001. All statistical
tests were 2-sided. Odds ratios and the
corresponding 95% confidence inter-
vals (CIs) were used to measure the
strength of the association.

RESULTS
Among 721 boys with cryptorchidism,
34 parents refused participation. Those
with no birth record (15 patients) were
excluded, as were 28 twins, 15 boys with
a positive family history for cryptorchi-
dism, and 11 with additional congeni-
tal malformations. Eighteen boys were
lost before first follow-up and there-
fore excluded from the analysis. The
study included 600 singleton boys with
isolated nonfamilial cryptorchidism
(83.2%) (FIGURE). Three hundred Ital-
ian boys without cryptorchidism par-
ticipated as controls.

Of the 600 boys with cryptorchi-
dism at birth, 396 had unilateral and
204 had bilateral cryptorchidism
(Figure). A high percentage of sponta-
neous descent was observed during the
first 3 to 6 months of age (47%), more
frequent in unilateral than bilateral
cases (199/396 [50.2%] vs 83/204
[40.7%]; P=.03). After 6 months of age,
14 (7.1%) of 197 unilateral cryptor-
chid testes and 1 (0.8%) of 121 bilat-
eral cryptorchid testes spontaneously
descended (P= .01) (Figure). When
spontaneous descent was observed in
cases of bilateral cryptorchidism, both
testes descended. No spontaneous de-
scent was observed after 12 months of
age, so a total of 183 boys with persis-
tently unilateral and 120 boys with per-
sistently bilateral cryptorchidism un-
derwent orchidopexy between 2 and 3
years of age.
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No boy was found to carry more than
1 genetic abnormality. The overall fre-
quency of genetic alterations in boys
with cryptorchidism was low (17/600
[2.8%; 95% CI, 1.7%-4.5%]) and was
statistically significantly higher than
controls in participants with persis-
tent cryptorchidism (16/303 [5.3%;
95% CI, 3.0%-8.4%] vs 1/300 [0.3%;
95% CI, 0.1%-0.8%]; P=.001) and in
those with bilateral cryptorchidism (10/
120 [8.3%; 95% CI, 4.1%-14.8%];
P=.001) (TABLE 1). As a consequence,
the odds ratio of having a genetic al-
teration in participants with persis-
tent cryptorchidism was 16.7 (95% CI,
2.2-126.5), in participants with unilat-
eral persistent cryptorchidism was 10.1
(95% CI, 1.2-84.9), and in partici-
pants with bilateral persistent cryptor-
chidism was 27.2 (95% CI, 3.4-214.8)
(TABLE 2). A post hoc analysis showed
that with a prevalence of 0.3% in the
300 controls and 5.3% in the 303 cases
with persistent cryptorchidism, the
power of the study to detect a differ-
ence in the prevalence between cases
and controls is 94% with an � level of
.05 and 57% with an � level of .001.

We found 8 chromosomal alter-
ations in the cryptorchid group (8/
600 [1.3%; 95% CI, 0.6%-2.6%]) and
1 in the control group (1/300 [0.3%;
95% CI, 0.01%-1.8%]). The highest fre-
quency was found in participants with
persistent bilateral cryptorchidism (5/
120 [4.2%; 95% CI, 1.8%-9.7%])
(Table 1). All chromosomal aberra-
tions found in the cryptorchid group
were of the Klinefelter type, either in
the complete form (47,XXY; 7 cases) or
in the mosaic form (46,XY/47,XXY; 1
case), whereas in controls we found 1
robertsonian translocation involving
chromosome 13 and 14 [45,XY,der(13;
14)(q10;q10)]. No cases with chromo-
somal alterations showed spontane-
ous descent of the testes.

We found 2 mutations in the INSL3
gene in the cryptorchid group (2/600
[0.3%; 95% CI, 0.04%-1.2%]) and
none in the control group (0/300 [0%;
95% CI, 0%-1.2%]) (Table 1). Muta-
tions in the RXFP2 gene were found in
5 cases (5/600 [0.8%; 95% CI, 0.3%-

1.9%]) and they were all found in the
group of boys with bilateral cryptor-
chidism (Table 1). The frequency of
RXFP2 mutations in participants with
bilateral cryptorchidism at birth was 5
of 204 (2.4%; 95% CI, 0.8%-5.6%) and
in boys with bilateral persistent crypt-
orchidism it was 5 of 120 (4.2%; 95%
CI, 1.4%-9.5%). No cases with RXFP2
mutations showed spontaneous
descent of the testes.

Mutations in the AR gene were found
in 2 cases with unilateral cryptorchi-
dism, whereas no mutations were found
in the control group (Table 1). These
2 mutations (H382Y and T558S) rep-

resent novel findings, the first located
in the N-terminal domain, the second
in the DNA-binding domain of the AR
protein. Both of these amino acids are
highly conserved, and the observed mu-
tations are predicted to be damaging
(PSIC score, 2.354 for H382Y and 1.554
for T558S).

When considering birth weight and
gestational age (TABLE 3), boys with low
birth weight or low gestational age more
frequently underwent spontaneous de-
scent of the testes in the first months
of age, and genetic alterations were
found exclusively in those with nor-
mal weight and gestational age.

Figure. Recruitment, Exclusion, and Follow-up of Participants

600 Included in study population

687 Recruited

618 With isolated nonfamilial
cryptorchidism eligible

721 Boys with cryptorchidism
underwent initial screening
(at birth)

396 Had unilateral cryptorchidism 204 Had bilateral cryptorchidism

183 Persistent cryptorchidism 120 Persistent cryptorchidism

183 Persistent cryptorchidism 120 Persistent cryptorchidism

14 Spontaneous
descent

1 Spontaneous
descent

197 Persistent cryptorchidism 121 Persistent cryptorchidism

199 Spontaneous
descent

83 Spontaneous
descent

THIRD
FOLLOW-UP
VISIT (24 MO)

SECOND
FOLLOW-UP
VISIT (12 MO)

FIRST
FOLLOW-UP

VISIT (3-6 MO)

34 Parents refused participation

69 Ineligible
15 No birth record
28 Twins
15 Familial cryptorchidism
11 Associated congenital

malformations

18 Excluded (lost at first follow-up)

Among the 300 controls also participating in this study, there were no dropouts during the study.
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COMMENT
In this study, we found genetic alter-
ations in a small percentage of boys with
cryptorchidism. We found a signifi-
cant association between bilateral and
persistent cryptorchidism and genetic
alterations, including mutations in the
INSL3 receptor gene (RXFP2) and
Klinefelter syndrome. Genetic alter-
ations were not found in participants
with low birth weight or low gesta-
tional age, who had frequent sponta-
neous descent of the testes.

Mutations in the INSL3 gene were
found in only 2 cases in this study. One

mutation (R102C), detected in a boy
with unilateral persistent cryptorchi-
dism, has been previously described as
associated with cryptorchidism,6,11

whereas the other mutation (T86M),
detected in a boy with bilateral
cryptorchidism at birth and spontane-
ous descent in the first months of age,
is a novel finding. This residue is lo-
cated in the C-peptide of the protein
and it is poorly conserved: only hu-
mans have a T in this position, whereas
other species harbor A, V, L, or even
M.12 These data, together with the mild
phenotype of the participant with this

substitution, suggest considering with
caution this mutation as pathogenetic
for cryptorchidism. Insulin-like factor
3 is produced, like testosterone, by the
Leydig cells of the testis and regulates
the transabdominal phase of testicular
descent during fetal life. Mice without
the gene encoding this hormone or its
receptor exhibit bilateral cryptorchi-
dism with abdominally located tes-
tes.13-15 A recent review of the litera-
ture showed that mutations in the
INSL3 gene are found in 1.8% (30/
1650) of cases of cryptorchidism,2 a
number substantially higher than that
found in the present study. Although
the reason for this discrepancy is not
obvious, a direct comparison of the data
is not possible because a large number
of cases reported in the literature were
adult men with history of cryptorchi-
dism often recruited in infertility clin-
ics. Nevertheless, the role of INSL3 in
testicular descent is well estab-

Table 2. Odds of Genetic Alteration in Persistently Cryptorchid Boys (12-24 Months of Age)

Cryptorchidism No. (%)
Odds Ratio

(95% Confidence Interval)

Unilateral (n = 183) 6 (3.3) 10.1 (1.2-84.9)

Bilateral (n = 120) 10 (8.3) 27.2 (3.4-214.8)

Total (n = 303) 16 (5.3) 16.7 (2.2-126.5)

Controls (n = 300) 1 (0.3) 1 [Reference]

Table 1. Prevalence of Genetic Alterations in Cryptorchid Boys at Birth, 3 to 6 Months of Age, and 12 to 24 Months of Age

Cryptorchidism

Controls
(n = 300)

Unilateral Bilateral Total

Birth
(n = 396)

3-6 mo
(n = 197)

12-24 mo
(n = 183)

Birth
(n = 204)

3-6 mo
(n = 121)

12-24 mo
(n = 120)

Birth
(n = 600)

3-6 mo
(n = 318)

12-24 mo
(n = 303)

Karyotype
No. 3 3 3 5 5 5 8 8 8 1

Prevalence, %
(95% CI)

0.8
(0.2-2.2)

1.5
(0.3-4.4)

1.6
(0.3-4.7)

2.5
(0.8-5.6)

4.1
(1.4-9.4)

4.2
(1.4-9.5)

1.3
(0.6-2.6)

2.5
(1.1-4.9)

2.6
(1.2-5.1)

0.3
(0.01-1.8)

P valuea .64 .31 .15 .04 .008 .008 .28 .04 .04

INSL3
No. 1 1 1 1 0 0 2 1 1 0

Prevalence, %
(95% CI)

0.2
(0.01-1.4)

0.5
(0.01-2.8)

0.6
(0.01-3.0)

0.5
(0.01-2.7)

0
(0-3.0)

0
(0-3.0)

0.3
(0.04-1.2)

0.3
(0.01-1.7)

0.3
(0.01-1.8)

0
(0-1.2)

P valuea �.99 .40 .38 .40 .55 �.99 �.99

RXFP2
No. 0 0 0 5 5 5 5 5 5 0

Prevalence, %
(95% CI)

0
(0.0-0.9)

0
(0-1.9)

0
(0-2.0)

2.5
(0.8-5.6)

4.1
(1.4-9.4)

4.2
(1.4-9.5)

0.8
(0.3-1.9)

1.6
(0.5-3.6)

1.6
(0.5-3.8)

0
(0-1.2)

P valuea .01 .002 .002 .17 .06 .06

AR
No. 2 2 2 0 0 0 2 2 2 0

Prevalence, %
(95% CI)

0.5
(0.1-1.8)

1.0
(0.1-3.6)

1.1
(0.1-3.9)

0
(0-1.8)

0
(0-3.0)

0
(0-3.0)

0.3
(0.04-1.2)

0.6
(0.08-2.3)

0.7
(0.08-2.4)

0
(0-1.2)

P valuea .51 .16 .14 .55 .49 .49

Total
No. 6 6 6 11 10 10 17 16 16 1

Prevalence, %
(95% CI)

1.5
(0.6-3.3)

3.0
(1.1-6.5)

3.3
(1.2-7.0)

5.4
(2.7-9.4)

8.3
(4.0-14.7)

8.3
(4.1-14.8)

2.8
(1.7-4.5)

5.0
(0.3-8.0)

5.3
(3.0-8.4)

0.3
(0.1-0.8)

P valuea .25 .02 .01 .001 .001 .001 .01 .001 .001
Abbreviations: AR, androgen receptor gene, CI, confidence interval; INSL3, insulin-like factor 3 gene, RXFP2, relaxin family peptide 2 gene.
aP values are for comparison of cases and controls.
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lished and disruption of this hor-
monal pathway might be involved in the
pathogenesis of cryptorchidism through
mechanisms other than gene muta-
tions. For example, INSL3 concentra-
tions are reduced in cord blood of boys
with persistent cryptorchidism.16 It has
been suggested that environmental fac-
tors acting as endocrine disruptors
might cause difficulties in testicular de-
scent by suppressing INSL3 produc-
tion by the Leydig cells.17

The fundamental role of INSL3 in
regulating testicular descent is also
highlighted by the finding in this study
of mutations in the gene for its recep-
tor, RXFP2, especially in the bilateral
forms of cryptorchidism. Mutation
screening for this gene in humans has
shown a unique missense mutation
(T222P) associated with cryptorchi-
dism, with a prevalence of about 3% in
boys with cryptorchidism or adult men
with history of cryptorchidism.2 In the
present study, we found a prevalence
of 4% for the T222P mutation in the
RXFP2 gene in participants with per-
sistent bilateral cryptorchidism. In ad-
dition to cryptorchidism, individuals
with RXFP2 mutations frequently have
reduced bone mass early in adult-
hood.18

Although the role of androgens in
male phenotype development and tes-
ticular descent is well known,2 only 2
small studies involving a total of 69
cases looked at mutations in the AR
gene in boys with isolated cryptorchi-
dism,19,20 and they failed to find any ab-
normality. Mutations in the AR gene

cause varying degrees of androgen in-
sensitivity, from the more severe forms
with complete female phenotype to par-
tial forms with micropenis, hypospa-
dias, and cryptorchidism, and to mild-
est forms with only spermatogenic
impairment. In cases of AR mutations,
cryptorchidism therefore might repre-
sent 1 sign of a complex syndrome or
it may not be found even in more se-
vere forms of androgen insensitivity.21

In one study, 1.63% (2/123) of infer-
tile adult men with a history of crypt-
orchidism had AR mutations, a fre-
quency not different from that of
infertile men without a history of crypt-
orchidism (24/1437 [1.67%]).9 These
data, together with the findings of the
present study, suggest that AR muta-
tions are not a frequent cause of iso-
lated cryptorchidism.

We found that chromosomal aber-
rations represent the most frequent ge-
netic alteration in participants with iso-
lated cryptorchidism, particularly in
those with persistent cryptorchidism
(1.6% in the unilateral forms and 4.2%
in the bilateral forms) and that chro-
mosomal alterations were exclusively
represented by Klinefelter syndrome.
The prevalence of Klinefelter syn-
drome in the general population is 1 in
500,22,23 but the prevalence of cryptor-
chidism at birth in patients with
Klinefelter syndrome is unclear, as few
studies have examined this aspect. The
largest cross-sectional study under-
taken in an andrological clinic re-
ported that 27% of patients with
Klinefelter syndrome had a history of

undescended testes compared with 8%
of the total number of patients who at-
tended the same clinic.22 Klinefelter syn-
drome is an underdiagnosed condi-
tion; only 25% of the expected number
of cases are diagnosed,24 and of these
only a minority are diagnosed before
puberty. Nevertheless, diagnosis of
Klinefelter syndrome early in child-
hood would allow better management
of these patients during puberty, pres-
ervation of fertility, and initiation of an-
drogen replacement therapy before
symptoms and signs of hypogonadism
develop.

Our findings have the limitations of
a case-control study, and the main limi-
tation is the small number of genetic ab-
normalities found. Future studies in-
volving a higher number of participants
are necessary to confirm our findings.
This study should therefore be consid-
ered preliminary, and strong conclu-
sions about association cannot be
drawn.

Although we are far from under-
standing the etiology of a large pro-
portion of cases of cryptorchidism, we
propose a distinction between intrin-
sic and extrinsic causes. The first
group, which includes genetic alter-
ations, frequently displays bilateral
cryptorchidism and is associated with
progressive testicular damage (also of
the normally descended testis in cases
of unilateral cryptorchidism),25 with
increased risk of infertility and tes-
ticular cancer.26-30 In these cases, early
orchidopexy might reduce the risk of
these sequelae but does not abolish it.

Table 3. Prevalence of Genetic Alterations in Cryptorchid Boys by Follow-up Period on the Basis of Birth Weight and Gestational Age

Genetic Alterations, No./Total (%)

Unilateral Bilateral Total

Birth 3-6 mo 12-24 mo Birth 3-6 mo 12-24 mo Birth 3-6 mo 12-24 mo

Birth weight �2.5 kg,
gestational age �37 wk

0/35 0/0 0/0 0/41 0/2 0/2 0/76 0/2 0/2

Birth weight �2.5 kg,
gestational age �37 wk

0/7 0/0 0/0 0/5 0/1 0/1 0/12 0/1 0/1

Birth weight �2.5 kg,
gestational age �37 wk

0/9 0/1 0/1 0/7 0/3 0/3 0/16 0/4 0/4

Birth weight �2.5 kg,
gestational age �37 wk

6/345 (1.7) 6/196 (3.1) 6/182 (3.3) 11/151 (7.3) 10/115 (8.7) 10/114 (8.8) 17/496 (3.4) 16/311 (5.1) 16/296 (5.4)

Total 6/396 (1.5) 6/197 (3.1) 6/183 (3.3) 11/204 (5.4) 10/121 (8.3) 10/120 (8.3) 17/600 (2.8) 16/318 (5.0) 16/303 (5.3)
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Genetic alterations causing this type
of cryptorchidism might be associated
with other pathologies in adulthood,
as in the case of Klinefelter syndrome
and RXFP2 gene mutations. The sec-
ond group, which includes low birth
weight, prematurity, or complications
during pregnancy such as maternal
diabetes or preeclampsia, frequently
has spontaneous descent in the first
months of age and has a minor risk of
testicular degeneration, especially if
orchidopexy is performed early.30

Genetic causes in these cases are far
less frequent.
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