The Egyptian Journal of Medical Human Genetics (2012) 13, 197–205

Ain Shams University

The Egyptian Journal of Medical Human Genetics
www.ejmhg.eg.net
www.sciencedirect.com

ORIGINAL ARTICLE

Proﬁle of disorders of sexual diﬀerentiation in the
Northeast region of Cairo, Egypt
Rabah M. Shawky
a
b

a,*

, Sahar M. Nour El-Din

b

Pediatrics Department, Ain-Shams University, Egypt
Medical Genetics Center, Ain-Shams University, Egypt

Received 26 September 2011; accepted 19 January 2012
Available online 27 April 2012

KEYWORDS
Sex differentiation;
Intersex;
Ambiguous genitalia;
Gonads;
Genital surgery

Abstract This retrospective study has been conducted to determine the frequency, types, clinical
presentation and associated genomic errors in patients with sex differentiation errors and their
relatives. The present study comprised of 908 index patients with sex differentiation errors who were
registered at the Medical Genetics Center (ASUMGC), Ain Shams University. Out of 28,736
patients attending the center and 660,280 patients attending the Pediatrics clinic during the interval
of 1966–2009. Our results showed that, the frequency among all patients attending the Pediatrics
Hospital was 0.14%. Disorders of sex chromosome (Klinefelter syndrome and Turner syndrome)
were the commonest, followed by mullerian dysgenesis. The commonest age of presentation was
adolescence (>15–18 years) (36.56%), followed by patients aged 18 years or more (24.88%). In
our study, 32.26% presented with primary female infertility, 27.86% adolescent girls presented with
primary amenorrhea, 16.29% presented with male infertility, 10.35% presented with ambiguous genitalia at birth or soon afterward, 6.60% were females who presented with delayed 2ry sexual characters and short stature, 3.96% of our cases were boys who presented with microtestes and delayed 2ry
sexual development and 2.75% presented with hirsutism. Central nervous system abnormalities were
reported in 5.94% of our patients, ocular abnormalities in 4.29%, and cardiovascular system abnormalities in 2.86%. Three hundred and ninety-two multiple mutant genomic errors were deﬁned
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among relatives of index cases of DSD families, where deﬁnable errors represented 35.24% and
non-deﬁnable errors represented 7.92%. Cytogenetic ﬁndings of various DSD showed that,
33.46% of cases with Turner syndrome phenotype had (45,X), and 64.89% were mosaic (45,X/
46,XX). While, among the 130 studied cases with Klinefelter syndrome phenotype, 83.84% had
47,XXY. Out of 75 patients with ovotesticular DSD, 85.33% possessed a 46,XX chromosome complement. To conclude, sex determination and differentiation are sequential processes that involve
genetic, gonadal, phenotypic and psychological sex. Disorders of sexual differentiation, or syndromes of intersexuality, result when errors occur at any of these steps. Establishing a precise diagnosis in DSD is just as important as in other chronic medical conditions with lifelong consequences.
 2012 Ain Shams University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction
In the developing fetus, the genetic or chromosomal sex is
determined at the time of fertilization. Thus a 46XX karyotype
would normally give rise to a phenotypic female, and 46XY to
a phenotypic male fetus. Differentiation of the gonads into
either testes or ovaries determines the gonadal or hormonal
sex and this occurs under the direction of an increasing number of identiﬁed genes and transcription factors which may
be speciﬁc to either testicular or ovarian differentiation [1].
Gonadal hormone secretion determines the differentiation of
the common genital tracts into either male (Wolfﬁan) or female (Mullerian) internal tracts, and also the development of
the external genitalia which results in the apparent or phenotypic sex. Subsequent development of the individual will result
in the evolution of the psychological or behavioral sex, which
is an important consideration in disorders of sexual development (DSD). The process of sex determination and phenotypic
development begins as early as the 5th week of gestation and
both internal and external genital differentiation are more or
less complete by the end of the ﬁrst trimester. Disorders of
sex development arise as a result of a mismatch between the genetic, gonadal and phenotypic sex and are the result of early
disruption in the programing of sex determination [2].
Disorders of sex development (DSD), previously referred to
as intersex disorders, comprise a variety of congenital diseases
with anomalies of the sex chromosomes, the gonads, the reproductive ducts and the genitalia. The term ‘disorders of sex
development’ (DSD) is now proposed to deﬁne congenital conditions in which a disharmony between chromosomal, gonadal
and anatomical sex exists [3]. A new classiﬁcation system for
the causes of DSD has been proposed based on the karyotype.
This terminology, however, also includes the term ‘‘sex’’ in the
description of the speciﬁc developmental abnormality with the
inevitable associated connotation [4]. DSD is loosely classiﬁed
into four groups on the basis of histological features of the gonadal tissue: XX-DSD with two ovaries (female pseudohermaphroditism), XY-DSD with two testicles (male
pseudohermaphroditism), ovotesticular DSD with both ovarian and testicular tissue (true hermaphroditism) and gonadal
dysgenesis either mixed (a testis and a streak gonad) or pure
(bilateral streak gonads) [2].
Sex differentiation is comprised of many steps. Problems
associated with sex differentiation, or syndromes of intersexuality, occur when errors in development take place at any of
these steps. Problems can arise at fertilization when chromosomal sex is established. For example, girls with Turner
syndrome have a 45,XO karyotype and boys with Klinefelter
syndrome have a 47,XXY karyotype. It is also known that

some women have a 46,XY or 47,XXX karyotype and some
men have a 46,XX or 47,XYY karyotype [5]. Disorders of
sex differentiation can occur when a bipotential gonad is incapable of developing into a testis or an ovary. The inability to
develop testes may occur if a gene such as SRY is absent or
deﬁcient. When this is the case, a 46,XY fetus will not receive
the SRY signal to develop testes despite the presence of a Y
chromosome. Additionally, 46,XY fetuses may begin to develop testes, but this development can be thwarted, and subsequently Mullerian-inhibiting substance (MIS) and androgen
production may be absent or diminished [6].
Intersexuality can also result as a consequence of problems
related to Mullerian or Wolfﬁan duct development. For example, MIS secretion accompanied by the absence of androgens
or the inability to respond to androgens can result in a fetus
lacking both male and female internal duct structures. In contrast, the absence of MIS accompanied by androgen secretion
can result in a fetus possessing both male and female internal
duct structures to varying degrees [7].
Children born with deviations from normal development of
the sex organs can be expected to grow up successfully and to
lead enriched lives [8]. However, their problems must be considered carefully. In cases of abnormal sex differentiation, efforts should be made to determine the reason for the
abnormality as treatment may vary according to the cause of
the disorder [9].
Herein, we conduct a retrospective study to determine the
frequency, types, clinical presentation and associated genomic
errors in patients with sex differentiation errors and their relatives who were registered at Medical Genetics Center, in the
Pediatrics Department, Ain-Shams University, Cairo, Egypt,
in the period, 1966–2009. This hospital has a high standard
of healthcare, so patients from nearly all governorates of
Egypt attend this hospital to receive good health care.
2. Patients and methods
The present study comprised of 908 index patients with sex differentiation errors who were registered at the Medical Genetics
Center (ASUMGC), Ain Shams University, out of 28,736 patients attending the center and 660,280 patients attending the
Pediatrics clinic during the interval of 1966–2009.
All the patients were referred to the Medical Genetics
Center for diagnosis, therapy and genetic counseling. Index
cases were subjected to the following studies: Detailed history
taking including personal history, age, sex, birth origin (paternal and maternal), treatment history (drugs or operations),
perinatal history, age at presentation, main complaints and
sex of rearing.
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 Index pedigree design taking into consideration, the positive family history of similarly affected cases and their relation to the index patient, positive parental consanguinity,
multiple mutant genomic errors in patients and their
relatives.
 Thorough clinical examination was made and recorded for
each patient and their families, including genital and
somatic examinations, anthropometry, assessment of
pubertal stage, hypertension, associated anomalies or dysmorphic features. Criteria suggesting DSD included overt
genital ambiguity, apparent female genitalia with clitoromegaly, posterior labial fusion or inguinal/labial mass,
and apparent male genitalia with non-palpable testis,
micropenis, isolated perineal hypospadias or mild hypospadias with undescended testes [10]. Genital examination in
males included examination of testes for number, site, volume using the Lambert equation (length [L] · width
[W] · height [H] · 0.71). This formula provides a superior
estimate of testicular volume [11]. Examination of the penis
for length, and site of external urethral meatus, and examination of scrotum were also done. Female genital examination, included examination of labia and clitoris for size,
vaginal opening, and urethral opening. Assessment of
primary and secondary sex characteristics (pubic hair and
breasts in females and pubic hair in males) using the sex
maturity ratings (SMRs) [12].
 Biochemical assessment, assay of serum 17-hydroxyprogesterone, testosterone, estradiol, DHT, androstenedione,
FSH, LH, urine steroid analysis.
 Abdomino-pelvic ultrasound imaging to evaluate ambiguous genitalia and anomalies of the pelvic organs.
 Cytogenetic study of relevant cases by peripheral blood
lymphocytic culture. Giemsa trypsin banding (GTG) of
metaphase chromosomes was performed using standard
methodology [13].
 The parents were then counseled about the nature of their
child’s abnormality.
 DSDs in our study, were classiﬁed according to the chromosomal study, the gonadal histology and the phenotype.

199

Table 1 Frequency & types of disorders of sex development
(DSDs).
Type of disorder

No.

%

Sex chromosome DSD
Klinefelter syndrome
Turner syndrome
Dysgenetic DSD
Gonadal dysgenesis
Ovotesticular DSD
46,XY DSD
CAISa
PAISb
46,XX DSD
CAHc
Androgen secreting tumor
Mullerian dysgenesis
Severe hypospadias
Total

375
130
245
74
74
75
66
40
26
92
78
14
138
88
908

41.29
14.31
26.98
8.14
8.14
8.25
7.26
4.40
2.86
10.13
8.59
1.54
15.19
9.69
100.00

a
b
c

CAIS = Complete androgen insensitivity syndrome.
PAIS = partial androgen insensitivity syndrome.
CAH = Congenital adrenal hyperplasia.

Egyptian nationality. Consanguineous marriage was reported
among parents of 504 patients (55.50%). Two hundred and
forty-eight patients (27.31%) had a positive family history of
the same DSD. Lower Egypt was the commonest parental
birth origin, followed by upper Egypt and Cairo (Table 2).
The ages of our cases ranged from 1 month to 28 years old,
the commonest age of presentation was adolescence (>15–
18 years) (36.56%), followed by patients aged 18 years or more
(24.88%) (Table 3).
3.3. Clinical presentations of DSD
The variability in the manifestation of DSD covers a spectrum
ranging from normal external female and male phenotypes to
ambiguous genitalia. In our study, 293 patients (32.26%) presented with primary female infertility, 253 (27.86%) adolescent
girls presented with primary amenorrhea, 148 cases (16.29%)
presented with male infertility, 94 cases (10.35%) presented

3. Results
3.1. Occurence rate
Out of 28,735 patients, registered at Medical Genetics Center,
during the period of the study, 908 patients (3.15%) clinically
conﬁrmed the diagnosis of sex development disorders (DSD)
in the Genetics clinic. The frequency among all patients attending the Pediatrics Hospital was 0.14%. The types of DSD detected in our study were presented in Table 1. Disorders of sex
chromosomes (Klinefelter syndrome and Turner syndrome)
were the commonest, followed by mullerian dysgenesis,
46,XX DSD (congenital adrenal hyperplasia, androgen secreting tumor), severe hypospadias, ovotesticular DSD, gonadal
dysgenesis and 46,XY DSD (Table 1).
3.2. Epidemiological proﬁle
As regards, the sex of rearing 548 cases (60.35%) was males,
and 360 cases (39.64%) were females. All patients were of

Table 2

Epidemiological proﬁle.

Variable

No

%

Sex of rearing
Male/female

548/360

60.35/39.64

Nationality
Egyptian

908/908

100

Consanguinity
+ve/ ve

504/404

55.50/44.49

Family history
+ve/ ve

253/655

27.86/72.13

Parental birth origina (P/M)
Cairo
197/236
Lower Egypt
461/435
Upper Egypt
250/237
Total
908

21.69/26.00
50.77/47.90
27.54/26.10
100.00

a

(P/M) = paternal/maternal.
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Table 3

Age distribution of index cases.

Table 4

Associated errors expressed among index cases.

Age

No.

%

Associated genomic errors

No.

%

Neonatal (1 month)
Early infancy (1 month to < 1 yr)
Late infancy (1–2 years)
Early childhood (2–6 years)
Late childhood (6 to <12 years)
Prepubertal (12 to <15 years)
Adolescence (>15 to 18 years)
18 years or more
Total

79
52
57
65
51
46
332
226
908

8.70
5.72
6.27
7.15
5.61
8.37
36.56
24.88
100.00

CNSa
Mental retardation
Seizures
CVSb
Congenital heart disease
Coronary heart disease
Varicosities of L.L
Ocular
Microphthalmia
Anophthalmia
Enophthalmia
Squint
Myopia
Special sense
Conductive hearing loss
Endocrinal
NIDDM
Goiter
Obesity
Osseo-chondral
Hypochondroplasia
Musculoskeletal
Flexion contracture of limbs
Dermatological
Cutaneous albinism
Xeroderma pigmentosa
Premature graying of hair
Renal
Renal stone
Unilateral abscent kidney
GITc
Hirschsprung disease
Total

54
13
23
26
11
9
6
39
8
7
5
13
6
7
7
20
7
9
4
10
10
13
13
28
13
12
3
8
7
1
2
2
908

5.94
3.41
2.53
2.86
1.21
0.99
0.66
4.29
0.88
0.77
0.55
1.34
0.66
0.77
0.77
2.20
0.77
0.99
0.44
1.10
1.10
1.43
1.43
3.08
1.43
1.32
0.33
0.88
0.77
0.11
0.22
0.22
100.00

with ambiguous genitalia at birth or soon afterward, 60 patients (6.60%) were females who presented with delayed 2ry
sexual characters and short stature, 36 of our cases were boys
(3.96%) who presented with microtestes and delayed 2ry sexual development and 25 cases (2.75%) presented with hirsutism (Fig. 1,Table 3).
3.4. Other medical associations
Central nervous system abnormalities were reported in 54
(5.94%) of our patients, cardiovascular system abnormalities
in 26 cases (2.86%), ocular abnormalities in 39 cases
(4.29%), special sense defect in 7 patients (0.77%), endocrinal
errors in 20 cases (2.20%), osseo-chondral defects in 10 patients (1.10%), musculoskeletal abnormalities in 13 patients
(1.43%), dermatological errors in 28 cases (3.08%), renal troubles in 8 cases (0.88%) and gastrointestinal tract abnormalities
in only 2 (0.22%) of our cases (Table 4).
3.5. Multiple mutant genomic errors among relatives

a
b

Three hundred and ninety-two multiple mutant genomic errors
were deﬁned among relatives of index cases of DSD families,
where deﬁnable errors represented 35.24% and non-deﬁnable
errors represented 7.92% (Table 5).
3.6. Cytogenetic ﬁndings of various DSD
In the 245 studied cases with Turner syndrome phenotype, 82
patients (33.46%) had (45,X) and 159 patients (64.89%) were

350
300
250
200
150
100
50

c

CNS = Central nervous system.
CVS = Cardiovascular system.
GIT = Gastrointestinal tract.

mosaic (45,X/46,XX), 2 patients (0.81%) had long arm isochromosome of X chromosome [46,Xi(Xq)] and another 2 patients (0.81%) had short arm deletion of X chromosome
[46,X(Xp-)]. In the 130 studied cases with Klinefelter syndrome
phenotype, 109 (83.84%) had 47,XXY, 15 cases (11.53%) were
mosaic (46XY/47XXY), 3 cases (2.30%) had variant forms of
Klinefelter syndrome (48,XXXY; 48,XXYY; 49,XXXXY) and
3 cases (2.30%) had normal male karyotype (46XY). In our
study, out of 75 patients with ovotesticular DSD, 64 patients
(85.33%) possessed a 46,XX chromosome complement and
presented with ambiguous genitalia, 6 patients (8%) had
46,XY chromosome complement and 5 patients (6.66%) had
46,XX/46XY mosaicism, and presented with obscure external
genitalia, hypospadias in males and hypertrophy of the clitoris
in females (Table 6).
4. Discussion

0
Male
infertility

Primary
Primary
Ambigous Femalewith Microtests& Hirsutism
Female amenorrhea genitalia short stature delayed 2ry
infertility
& delayed
sexual
2ry sexual characters
characters

Figure 1

Clinical presentations of index cases.

The frequency of DSD was 3.15% among our patients registered at the Medical Genetics Center and was 0.14% (1.4/
1000) among all patients attending the Pediatrics Hospital during the period of the study. However in other localities in
Egypt (Alexandria and Giza), DSD represented 7.3% and
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Table 5 Multiple mutant genomic errors deﬁned among
relatives of 908 DSD index families.
I

II

MMGE

No.

Deﬁnable errors
Single gene errors
Febrile convulsions
Schizophrenia
1ry optic atrophy
Oligodactyly
Insulin dependent diabetes mellitus
Albinism
G6PD deﬁciency
Myopia
Squint
Polydactyly
Multifactorial errors
GMME
Hypertension
Coronary heart disease
Cerebral stroke
Congenital heart disease
Bronchial asthma
NTD
Cleft lip
Imperforate anus
Non-insulin dependent diabetes mellitus
Obesity
Atopic dermatitis
Renal stone
Oncoplasia (please check the spelling
of the term Oncoplasia)
Chromosomal errors
Down syndrome

220
108
10
8
5
9
14
13
8
19
9
13
102
5
20
10
2
12
8
2
7
4
23
5
1
2
1

75.34
36.98
3.42
2.73
1.71
3.08
4.79
4.45
2.73
6.50
3.08
4.45
43.93
1.71
6.84
3.42
0.68
4.10
2.73
0.68
2.39
1.36
7.87
1.71
0.34
0.68
0.34

10
10

3.42
3.42

72
18
12
9
6
7
11
9

24.65
6.16
4.10
3.08
2.05
2.39
3.76
3.08

292

100.00

Non-deﬁnable errors
Mental deﬁciency
Deaf-mutism
Speech defect
Deformed nose
Goiter
Short stature
Hydrocephalus
Sum of traceable errors

%

7% respectively of the total referred cases which is considered
high [14]. In Venezuela Alvarez et al.[15] reported that DSD,
represented 5.4% among cases referred to the Medical Genetics Center. However our results were higher than that reported
in other governorates in Egypt. Mazen et al. [16] reported an
incidence of 1:5000 live births of DSD in Giza, while Temtamy
et al. [17] reported an incidence of 1:3000 live births in Giza.
Mazen et al. [18] also reported an incidence of 2/10,000 in
Great Cairo and Qalyubiyah governorates in newborns and infants up to the age of 6 months. Essawi et al. [19] also reported
that disorders of sex development (DSD) constitute a signiﬁcant entity among the birth defect list in Egypt. Nasir [20] in
Saudi Arabia reported that, DSD is not uncommon in their
community. In United States Kaefer et al. [21] reported that,
DSD vary in frequency depending on their etiology. Leonard
[22] reported that, the true prevalence of intersex in which
chromosomal sex is inconsistent with phenotypic sex, or in
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Table 6 Chromosomal variations deﬁned among the most
common DSD.
Cytogenetic ﬁndings

No.

%

Turner syndrome
Mosaic (45,X/46,XX)
Classic Turner (45,X)
46,Xi(Xq)
46,X(Xp-)

245
159
82
2
2

26.98
64.89
33.46
0.81
0.81

Klinefelter syndrome
47,XXY
46XY/47XXY
46XY
48,XXXY
48,XXYY
49,XXXXY

130
109
15
3
1
1
1

14.31
83.84
11.53
2.30
0.76
0.76
0.76

75
64
6
5

8.25
85.33
8.00
6.66

Ovotesticular DSD
46,XX
46,XY
46,XX/46XY

which the phenotype is not classiﬁable as either ‘‘male’’ or
‘‘female’’ is seen to be about 0.018%. According to the Intersex Society of North America (ISNA) deﬁnition [23], 1% of
live births exhibit some degree of sexual ambiguity and between 0.1% and 0.2% of live births are ambiguous enough
to become the subject of Specialist medical attention, including
surgery to disguise their sexual ambiguity [24]. Meanwhile
according to Fausto-Sterling’s deﬁnition of intersex [25],
1.7% of human births are intersex.
Age of presentation of DSD will depend upon the degree of
dysfunction caused [26]. The current study showed that, the
ages of our cases ranged from 1 month to 28 years old, the
commonest age of presentation was adolescence (>15–
18 years) (36.56%), followed by patients aged 18 years or more
(24.88%), neonatal (1 month) (8.70%), prepubertal (8.37%),
early childhood (7.15%), late infancy (6.27%), early infancy
(5.72%), and late childhood (5.61%). In agreement to our results Hashem et al. [27] reported that adulthood was the most
common presenting age group in patients with genitogonadal
differentiation errors among Egyptians. Dessouky et al. [28]
studied 314 cases presenting with intersex problems in the
Pediatric Surgical Division, Cairo University over a period
of 14 years, between 1986 and 2000. They reported that the
ages at presentation ranged between 10 days and 20 years with
a mean of 5.5 years. This means that diagnosis of patients with
DSD was usually delayed in Egypt. On the other hand, Hughes
et al. [29] reported that DSD typically are diagnosed at birth in
infants with ambiguous genitalia while, disorders associated
with phenotypic males and females may be diagnosed much
later.
Our data demonstrated that sex chromosome DSD (TS and
Klinefelter syndrome) were the commonest disorders among
our cases as it represented 41.29% of our patients. TS constituted a signiﬁcant proportion of DSD cases (26,98%) and
Klinefelter syndrome represented 14.31%, followed by Mullerian dysgenesis (15.19%), 46,XX DSD (10.13%), hypospadias
(9.69%), ovotesticular DSD (8.25%), gonadal dysgenesis
(8.14%), and 46,XY, DSD (7.26%). On the other hand, Hashem et al. [27] reported that, gonadal dysgenesis was the most
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common disorder of sexual differentiation and development
(54.2%), while Mazen et al. [16] reported that, 46,XY DSD
was the commonest (65.9%), followed by 46,XX DSD
(28%), complex syndrome with associated malformations
(1.44%) and ovotesticular DSD (2.88%). Also, Joshi et al.
[30] reported that, disorders of gonadal differentiation were
found in 10.1%, 8.25% diagnosed with gonadal dysgenesis
and 1.83% with true hermaphroditism and the syndromic
form of ambiguous genitalia were detected in 1.83%. Similar
to our results, Sybert et al. [31] and Sema et al. [32] reported
that, Turner’s syndrome is the most common sex chromosome
abnormality of human females. However, Ketan et al. [33]
found that CAH was the commonest cause of DSD (36.2%),
followed by gonadal dysgenesis. Ovotesticular DSD was reported in 5.7%, 4.8% and 14.3% of the cases by Arcari
et al. [34], Nieman et al. [35], and Rajendran et al. [36], respectively. A retrospective study [20] conducted in Saudi Arabia
showed that, out of 81 children with ambiguous genitalia, congenital adrenal hyperplasia being the commonest cause in
96.5% of the patients. A study in Turkey [32] showed that,
out of a total of 95 patients, 27.36% had sex chromosome
DSD, 47.36% had 46,XY DSD and 25.26% had 46,XX
DSD. Kaefer et al. [21] in USA observed that DSD vary in
frequency depending on their etiology.
In our study 32.26% of our female patients presented with
primary infertility, 27.86% presented with primary amenorrhea, 16.18% presented with male infertility, 10.35% presented
with ambiguous genitalia at birth, 6.60% of our patients were
females presented with short stature and delayed 2ry sexual
characters, 3.96% were males with microtestes, and 2.75%
had hirsutism. On the other hand, Sema et al. [32] mentioned
that, the main complaints at presentation among 95 DSD patients were ambiguous genitalia in 24.21%, short stature in
20%, isolated perineal hypospadias in 9.47%, primary amenorrhea in 8.42%, late or incomplete puberty in 8.42%, micropenis in 6.31% and clitoromegaly in 5.26%. Maria and
Dolores [37] stated that in at least 30% to 50% of infertility
cases a male factor abnormality is involved. Furthermore, Folch et al. [38] have demonstrated that mullerian agenesis, is the
second most common cause of primary amenorrhea. While
Nieman et al. [35] reported that, the commonest cause of
ambiguous genitalia is congenital adrenal hyperplasia (CAH).
Cytogenetic variants of our studied patients with Turner
syndrome phenotype showed that, 64.89% were mosaic
(45,X/46,XX), 33.46% were classic Turner (45,X), 0.81%
had X isochromosome, 46,Xi(Xq), and 0.81% had deletion
46,X(Xp-). On the other hand, Huang et al. [39] reported,
45,X in 53%; mosaicism 45X/46XX in 15%; X isochromosome, 46,Xi(Xq) in 10%; mosaicism 46,Xi(Xq)/46XX in 8%;
deletions 46XXp- or 46XXq- in 6%; other mosaicism in 8%.
Another study on Turner syndrome patients in northeastern
Malaysia [40] showed that, the incidence of the most frequent
karyotype of the Turner syndrome was found to be 45,X
(57.1%), followed by 46,Xi(Xq) (21.4%), 45,X/45,X,+mar
(7.1%), 45,X/46,Xi(Xq) (7.1%) and 45,X/46,XY (7.1%).
In our study 47,XXY is the most frequent karyotype of the
Klinefelter syndrome patients; followed by 46XY/47XXY,
46XY, 48,XXXY, 48,XXYY and 49,XXXXY. Their relative
frequencies in the series are 83.84%, 11.53%, 2.30%, 0.76%,
0.76%, and 0.76%, respectively. This is in consistency with
the ﬁndings of Wikstrom and Dunkel [41] who reported that,
the 47,XXY variant was found in 80–90% of patients with
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Klinefelter syndrome, 10% of patients had mosaicism;
(46,XY/47,XXY; 46,XY/48,XXXY; and 47,XXY/48,XXXY),
and remaining cases include variants such as the 48,XXYY;
48,XXXY; 49,XXXYY; and 49,XXXXY karyotypes. About
1% of cases are due to a structurally abnormal X in addition
to a normal X and Y, such as 47,Xi(Xq)Y and 47,X,del(X)Y.
The karyotype of our cases with ovotesticular DSD was
46,XX in 85.33% of cases, 46,XY in 8% of cases and
46,XX/46XY in 6.66% of cases. However, Ketan et al. [42]
Joshi et al. [30] Göllü et al. [43] and Rajendran et al. [36] reported that 46XY was the commonest karyotype in patients
with ovotesticular DSD. While Tran et al. [44] reported an
uncommon 45,X/46,X,idic(Y)(q11.23) mosaic karyotype in
an infant born with ovotesticular disorder of sex development.
Genealogic analysis of pedigrees of index patients with disorders of sex development revealed an apparently high incidence of other genetic anomalies which manifested
simultaneously or segregated randomly among many of propand’s relatives. The identiﬁcation of isolated disorders of
sex differentiation as well as isolated mental retardation or
speech defect among certain index kindreds, could advocate
the possibility of linkage of mutant gene loci mediating both
types of anomalies [45].
In our study mental retardation was reported in 3.41% of
index cases and in 6.16% among the relatives of index cases.
However Michela et al. [46] identiﬁed duplication of Xp21.2
in patients with isolated gonadal dysgenesis who presented
with gonadal dysgenesis as part of a more complex phenotype,
including mental retardation and/or malformations. Also Louise et al. [47] reported that, mild mental retardation was present in 14.8% of patients with mixed gonadal dysgenesis
(MGD) or pseudohermaphroditism (MPH). Khalifa et al.
[48] screened DNA samples from 1205 patients originally referred for fragile X syndrome (FRAX) testing, because of mental retardation of unknown etiology and detected 8 Klinefelter
syndrome patients. They reported that Klinefelter syndrome
might be the most common cause of mental retardation of unknown etiology among prepubertal males. Maier and Koch
[49] also reported a 26-year-old woman who had müllerian
dysgenesis associated with a chromosomal anomaly (46XX
[13p+]) and mental retardation.
Seizures are the most common pediatric neurologic disorder. Four to ten percent of children suffer at least one seizure
in the ﬁrst 16 years of life. The incidence is highest in children
less than 3 years of age, with a decreasing frequency in older
children [50]. In this study seizures were reported in 23 cases
(2.53%) of our patients [8 cases had Klinefelter’s syndrome,
7 cases had CAH, 5 cases had Turner syndrome, 3 cases had
mullerian dysgenesis]. Striano et al. [51] reported a Turner patient showing severe neurological impairment, refractory epilepsy and MRI ﬁndings of bilateral perisylvian hypoplasia.
On the other hand, Tatum et al. [52] described the clinical spectrum of patients with Klinefelter’s syndrome and seizures. The
authors described 3 American patients and 9 additional patients from two European centers previously reported with
Klinefelter’s syndrome and seizures. The most common proﬁle
of patients with Klinefelter’s syndrome and seizures includes
mental retardation, behavioral problems, epileptiform electroencephalograms (EEGs), and generalized tonic–clonic seizures.
Also Kawawaki et al. [53] reported seizures in 22 children with
congenital adrenal hyperplasia (CAH), eight of whom had seizures associated with fever. Their ﬁndings implicate unknown
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factors in the pathogenesis such as excess secretion of corticotropin releasing factor (CRF) under stress, prolonged elevation
of CRF during fetal life and linkage between CAH and febrile
seizures on the chromosome 6. Grosso et al. in Italy [54] reported that, few syndromes seem to show peculiar clinical
and EEG associations, such as patients with Turner’s syndrome and Klinefelter’s syndrome.
Congenital heart disease (CHD) is a public health problem
among infants and young children and remain the leading
cause of death from congenital malformations. We reported
CHD in eleven cases (1.21%) of our patients, where 7 of them
(0.77%) had Turner’s syndrome, 3 patients (0.33%) had CAH,
1 case (0.11%) had Klinefelter syndrome. In agreement to our
results, Mazzanti et al. [55] reported that, there is a high prevalence of congenital heart defects in patients with Turner’s syndrome, the prevalence of cardiac malformations was 23%
[bicuspid aortic valve (12.5%), aortic coarctation (6.9%),
and aortic valve disease (3.2%) were the most prevalent malformations]. Also Kusuma et al. [56] reported that ambiguous
genitalia are one such rare anomaly that is associated with
CHD among other genital abnormalities. The possible causes
for this association could be pseudohermaphroditism, which
in turn, may be due to congenital adrenal hyperplasia. They reported a very rare case of CHD associated with ambiguous
genitalia. Chromosomal analysis of the proband revealed a
normal female complement, echocardiographic examinations
revealed a ventricular septal defect (VSD) along with atrial
septal defect (ASD).
Abnormalities of the genitals and urinary tract are among
the most common birth defects. Some of these abnormalities
are minor and may cause no symptoms (example: having
two ureters leading from one kidney to the bladder). Such minor defects often go undiagnosed unless the child has an X-ray,
ultrasound examination or surgery for a related or unrelated
problem [57]. Other abnormalities can cause problems such
as urinary tract infections, blockages, pain, and kidney damage
or failure. Abnormalities of the genitals and urinary tract are
affecting as many as 1 in 10 babies. These defects can affect
the kidneys, ureters, bladder, urethra, and the male and female
genitals. A few genital and urinary tract defects or disorders
are inherited from parents who have the disorder or carry
the gene for it [58]. Speciﬁc causes of most of these conditions
are unknown, however, genetic and environmental factors presumably play various roles during development of these organs
[59]. In our study, we reported renal affection in 0.88% of our
patients [5 cases (0.55%) had Turner syndrome, 2 cases
(0.22%) had gonadal dysgenesis and one case (0.11%) had
mullerian dysgenesis], where 0.77% of cases suffered from renal stone and 0.11% had unilateral abscent kidney. Saenger
[60] reported that renal anomalies are very common in Turner
syndrome and a renal ultrasound should be obtained at the
time of diagnosis. Mojtaba et al. [61] reviewed the records of
170 patients with unilateral and 18 patients with bilateral Wilms tumor and 6 patients with congenital mesoblastic nephroma for abnormalities of the external genitalia. There were 4
patients with cryptorchism, 1 with hypospadias, 1 with mixed
gonadal dysgenesis, and 3 with male pseudohermaphroditism.
Non-insulin dependent diabetes mellitus was reported in 7
cases (0.77%) of our patients, where 4 cases (0.44%) had
Klinefelter’s syndrome, while the other 3 cases (0.33%) had
Turner’s syndrome. Also, in our study, non-insulin dependent
diabetes mellitus was deﬁned in 23 cases (7.87%) among
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relatives of index cases. Stephen and Anna [62] reported that,
diabetes may be associated with many genetic disorders. The
type of diabetes varies in these syndromes. The increased frequency of diabetes in Klinefelter’s syndrome, and Turner’s
syndrome leads to the hypothesis that non-disjunction may,
in some way be associated with the predisposition to diabetes.
Saenger [60] reported that, obesity, which is present in about
40% of women with Turner syndrome, may increase insulin
resistance.
Conductive hearing loss (CHL) was detected in 7 patients
(0.77%), in our study, Turner’s syndrome was diagnosed in 5
of them and the other 2 cases had congenital adrenal hyperplasia. A retrospective cohort study of 23 individuals with Turner
syndrome was undertaken and otologic status was assigned by
Monique et al. [63]. The results showed that middle ear disease
affected 91% of patients. Otologic disease is a common problem in Turner syndrome patients due to a combination of
small dysfunction Eustachian tube, palatal dysfunction and
cochlear malformation. So hearing screen should be performed
in all patients with Turner’s syndrome [64].
The association of sex differentiation errors with chromosomal abnormalities like Down syndrome is considered coincidental. Clinically, 4 of our patients (0.44%) had most of
the phenotypic features of Down syndrome as well as variable
features characteristic of Turner or Klinefelter syndrome. Also
Zaki et al. [65] presented three Egyptian patients with double
aneuploidy involving chromosome 21 and sex chromosomes.
They all had the classical non-disjunction trisomy 21; that
was associated with monosomy X in two of them and double
X in the other. Sparagana et al. [66] reported that Trisomy
21 had been observed in association with sex chromosomal
anomalies such as in Klinefelter’s syndrome, XYY syndrome,
triple X syndrome, Turner’s syndrome, and mosaic 45,X/
47,XY,+21. Musarella and Verma [67] also reported a case
of double aneuploidy involving Down and Turner cell lines
in a female child with a massive capillary hemangioma of the
left orbit and mild clinical features of Down syndrome.
In our work, pedigree analysis revealed that consanguineous marriage was reported among 55.56% of parents of our
patients, compared to 35.3% of consanguineous marriage
among Egyptian populations in Egypt [68]. High degree of
consanguinity in DSD was also reported in other localities in
Egypt (61–65%) [16,19,32,37] and it is considered a longstanding social habit among Egyptians.
In the current work, 27.87% of cases had a positive family
history of expressing the same DSD. Nevertheless, Mazen
et al. [16] reported that, only 10.1% of their patients had a positive family history.
A central clinical issue in neonates with major genital
anomalies is assigning the sex-of-rearing. Such assignation
determines or dictates myriad postnatal and subsequent social
dynamics, including parenting implications, social trajectories,
surgical interventions, and often, lifelong sex-hormone administration –– not to mention the psychosocial and psychosexual
developmental ramiﬁcations for the child [69]. Interestingly,
we observed that, at the time of presentation, the percentage
of patients with intersex problems reared as males was
60.35% while 39.64% were reared as females. In Egyptian
society, female infertility precludes marriage, which also affects
employment prospects. This drives the family of the patients to
rather choose the male sex to create economic independence.
This assumption was supported in our study. In agreement
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to our results Schweizer et al. [70] reported that adult gender
identity outcome of their participants is characterized by high
male and low female gender identity. However, Ismail et al.
[71] reported that, 80% of their patients were initially assigned
as females. In Turkey, Sema et al. also [32] reported that, out
of 95 patients met the criteria for DSD, 22 patients were raised
as males and 36 as females. Establishing a precise diagnosis in
DSD is just as important as in other chronic medical conditions with lifelong consequences [24]. The birth of an intersex
child prompts a long term management strategy that involves a
myriad of professionals working with the family [72]. The medical management of differences of sex development (DSD)/
intersex in early childhood has been criticized by patients’
advocates as well as bioethicists from an ethical point of view.
The pattern of surgical practice in DSD is changing with respect to the timing of surgery and the techniques employed.
It is essential to evaluate the effects of early versus later surgery
in a holistic manner, recognizing the difﬁculties posed by an
ever evolving clinical practice [30].
5. Conclusion
To conclude pediatricians have a key role in relieving psychological distress of families and patients by coordinating the
diagnostic evaluation, helping families understand their child’s
medical condition and maintaining open communication between family and other healthcare team. The availability of
pediatric endocrinologists is a key factor in determining
whether or not the cause of DSD can be investigated. It is
essential to have a sound knowledge about DSD to analyze
the attitude of parents and to provide adequate counseling.
Uniform classiﬁcation, good cytogenetic facilities and individualized approach with emphasis on integrated team management form the mainstay of management of DSD. More
studies including larger population sizes, using molecular genetic analyses to detect the actual incidence of genital anomalies and DSD in Egypt are required in order to serve those
patients and their families.
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