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ABSTRACT… Objectives: The Disorders of Sex Development are classified as 46, XY DSD, 
46, XX DSD and Chromosomal DSD according to the chromosomal constitution of the affected 
persons. 46, XY DSD is further classified into Androgen Synthetic Defect, Androgen Insensitivity 
Syndrome Gonadal Dysgenesis, 5-Alpha Reductase Deficiency, Persistent Mullerian Duct 
Syndrome and Isolated Hypospadias according to the pathophysiology of the disease. The 
aim of present study was to classify 46, XY patients into their subclasses on the basis of their 
hormonal profile and physical examination. Study Design: Observational descriptive study. 
Setting: Biochemistry Department University of Health Sciences for Karyotyping and Genetic 
assessment, and its allied institution Biochemistry Department Quaid-e-Azam Medical College 
Bahawalpur for hormonal analysis, along with Pediatric Medicine Departments of Quaid-e-Azam 
Medical College / Bahawal Victoria Hospital Bahawalpur for collection of Sample and clinical 
assessments. Period: June 2015 to December 2015. Study Design: Observational descriptive 
study. Material and Methods: 53 patients with 46, XY DSD were recruited. Complete clinical 
history and data of each patient was recorded in the research proforma. Genitals examined 
for the phallus length and size, position of urinary meatus, palpation of gonads and shape of 
the labioscrotal folds. Ultrasonography examination of each patient was performed to look for 
undescended testes and for the presence of either male or female internal reproductive organs. 
Results: Base line levels of serum Testosterone Dihydrotestosterone Luteinizing hormone, 
Follicle stimulating hormone, 17-OH-Progesteron and Anti-mullerian hormones were measured 
by ELISA technique. Testosterone and DHT were measured again after hCG stimulation. On 
the basis of physical examination, ultrasonographic findings and hormonal profile diagnosis 
of the types of 46, XY DSD was possible in 27 (51%) of patients. Androgen synthesis defect as 
a cause of 46, XY DSD was diagnosed in 7(13%) patients, Androgen insensitivity syndrome in 
6(11%) patients, 5-Alpha reductase deficiency in 3(6%) patients, Gonadal Dysgenesis in 3 (6%), 
Persistent Mullerian Duct Syndrome in 3(6%) and Isolated Hypospadias in 2 (4%) patients. 
There were 26 (49%) patients which remain undiagnosed with the algorithm of diagnosis used 
in the present study. 

Key words: Disorder of Sex Development, Testosterone, Dihydrotestosyterone, 
Luteinizing Hormone, Follicle Stimulating Hormone, Gonadal Dysgenesis, 
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INTRODUCTION
Disorders of Sex Development are a variety of 
disorders presenting at birth with atypical genitalia 
or at puberty as atypical sexual development. In 
these conditions development of chromosomal, 
gonadal or anatomical sex is atypical. Previously 
different confusing terms were used to describe 
this condition of sexual ambiguity, like intersex, 
pseudo-hermaphrodite, hermaphrodite etc. 
These terms do not clearly explain the conditions 

associated with sexual ambiguity.1 Keeping in 
view the problems faced during the diagnosis, 
and sex assignment in these disorders a new 
classification system and nomenclature was 
described in the “Inter-national Consensus 
Conference on Inter-sex” held in Chicago 
in the year 2006.2 The term Disorder of Sex 
Development (DSD) was agreed upon to replace 
the older terms used for sexual ambiguity.2 The 
Disorders of Sex Development are classified as 
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46, XY DSD, 46, XX DSD and Chromosomal DSD 
according to the chromosomal constitution of the 
affected persons. 46, XY DSD is further classified 
into Androgen Synthetic Defect, Androgen 
Insensitivity Syndrome Gonadal Dysgenesis, 
5-Alpha Reductase Deficiency according to the 
pathophysiology of the disease.3 The cause of 
sexual ambiguity in 46, XY, DSDs may be due to 
deficiency of androgens (gonadal dysgenesis, 
abnormal synthesis of androgens, deficient 
5α-reductase activity), or insensitivity (defect 
in androgen receptor activity).4 Androgens, 
the most important of which is Testosterone, 
are steroid hormone that are required for the 
development and maintenance of normal male 
characteristics. These hormones are essential 
for the normal differentiation of male internal and 
external genitalia. Deficiency of these therefore 
results in ambiguous or female like genitalia 
in XY fetus. First reason of deficiency is the 
gonadal dysgenseis, i.e. the sertoli and leydig 
cells of testes are not developed resulting so 
result in absence or decreased production and 
testosterone hormones secreted by these cells 
respectively.5 Mutation in or complete deletion 
of SRY gene, duplication of dosage sensitive 
sex locus (DSS) on X chromosome or mutation 
in autosomal genes are also responsible for 
this disorder.6 Secondly the inability to produce 
testosterone results from defects in any of the 
enzymes required to synthesize testosterone 
from cholesterol.7’8 The enzymatic defects in 
testosterone synthesis may be due to deficiency 
of acute steroidogenesis regulatory protein 
(STAR), 3β-hydroxysteroid dehydrogenase 
(3β-HSD) type II deficiency, CYP17 deficiency 
or P450c17 deficiency.9 The active form of 
testosterone is the dihydrotestosterone. 
Testosterone is converted to its active metabolite, 
dihydrotestosterone (DHT) in the target tissue by 
the enzyme 5-alpha-redutase.9 The mutations in 
the steroid 5α-reductase type 2 (SRD5A2) gene 
leads to deficiency of the 5α-reductase.10 Most 
of the patients having this deficiency are reared 
as females due to impairment in the virilization 
of external genitalia.11 The aim of present study 
was to identify the type of disease according to 
the pathophysiology i.e. the hormonal defect 

present in patients presenting with disorders of 
sex development and having 46, XY karyotype 
and to classify them if possible according to their 
hormonal profile. This is important for the proper 
diagnosis and better management of these 
disorders.

MATERIALS AND METHODS
The observational descriptive study was 
conducted in Biochemistry Department 
University of Health Sciences for Karyotyping 
and genetic assessment, and its allied institution 
Biochemistry Department Quaid-e-Azam Medical 
College Bahawalpur for hormonal analysis, along 
with Pediatric Medicine Departments of Quaid-
e-Azam Medical College / Bahawal Victoria 
Hospital Bahawalpur for collection of Sample, 
after approval from the ethical committee for 
Human Research, and Advance Studies and 
Research Board University of Health Sciences 
from June 2015 to December 2015. After taking 
written informed consent from the patient/parents 
who agreed to participate in the study samples 
of total number of 53 patients with 46 XY DSD 
were taken. Children born with ambiguous sex, 
having age ranging from newborn to 18 years 
and 46, XY karyotype on chromosome analysis 
were included in the study while 46, XX karyotype 
on chromosome analysis and sex chromosomes 
diseases (Turners, Klinefelter’s Sydromes) were 
excluded from the study. Data form was filled 
which comprised of the detailed demographic 
information about the child. A complete clinical 
and family history of the child with special 
reference to the presence of DSD in other family 
member was also taken. Physical examination of 
each child was done which included phallus size, 
phallus length, site of urinary meatus, labioscrotal 
fusion, right and left gonads, hypospedias, 
distribution of pubic hair, distribution of axillary 
hairs, breast development. Ultrasound of each 
child was done to assess the presence of 
mullerian or wolfian internal reproductive organs 
and to detect presence of testis in the inguinal 
or the abdominal region. After all the clinical 
procedures blood sampling was done in the 
laboratory. 5 ml of blood sample was collected 
by vene puncture in vacutainer without additive. 
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Serum was separated from cells by centrifugation 
at the rate of 3000 rpm for 5 minutes. The 
serum was stored at -80°C until analyzed. For 
checking hCG stimulation injection hCG 500 
IU was given intramuscularly for three days on 
alternate day then blood sample was taken on 
the 7th day. Hormonal analysis was done through 
commercially available ELISA kits. The ELISA 
Kits used during the hormonal analysis were as, 
Testosterone Kit (CAT No.DK0002) and FSH Kit 
(CAT No. DK0010) by DiaMetra from Germany 
and DHT Kit (CAT No.FR E 2700), 17-OH-P Kit 
(CAT No.FR E 2800), LH Kit (CAT No.FR E 2600) 
by Labor Diagnostic Nord GmbH & Co (LDN). The 
data was analyzed using statical software SPSS 
18. In basic descriptive characteristics qualitative 
variables were given in the form of frequencies 
and percentages whereas the quantitative 
variables were given in the form of Mean+ S.D.

RESULTS
Characteristics of Subjects
53 de novo samples of disorder of sex 
development were included in this study. At 
the time of presentation 37(70%) patients were 
assigned male sex by the parents and rest of the 
16 (30%) were assigned as females. The ages 
of the patients ranged from 6 days to 18 years 
with the mean age + SD 4.47 + 5.11 years. All of 
the patients presented with ambiguous external 
genital sex. 

Hormonal Profile and Classification on its basis
Serum Testosterone, Dihydrotestosterone, LH 
and FSH hormones were measured in all 53 
patients. Serum Testosterone levels were found in 
the range of 0.01 to 12.14ng/dl with the Mean+SD 
of 2.3+ 3.7 ng/dl (normal range 0.2 – 2.0ng/dl). 
Normal testosterone levels were seen in 15 (28%) 
patients, low testosterone levels were seen in 29 
(59%) patients and high in 09 (17%) patients 

Dihydrotestosterone hormone levels in these 
patients ranged from 19.1 to 822 pg/dl with the 
Mean+SD of 90+277pg/dl (normal range 250 to 
990 pg/dl). These levels were normal in 18(34%) 
patients, low in 35(66%) patients while none of 
the patient had DHT levels higher than the normal 

range. The LH levels were in the range of 0.008-
9.79 ng/dl (normal levels 1.5 – 9.3ng/dl) with the 
Mean+S.D of 2.63 + 3.16 ng/dl. Levels were 
normal in 09 (17%) patients, high in 21(40%) 
patients and low in 23(43%). Serum FSH levels 
in these patients ranged from 4.16 to 37.12 ng/
dl with the Mean+SD of 6.3+ 6.7 ng/dl (Normal 
range is 1 to 4 ng/dl). These levels were normal 
in 10 (19%) patients, high in 17(32%) patients and 
low in 24(45%) patients.

To determine the presence of functioning testicular 
tissue and to differentiate between AIS and 
5ARDS, hCG stimulation test was done. A total of 
43 patients (81%) responded to hCG stimulation, 
and 10 (19%) remained unresponsive. The hCG 
stimulation is considered positive if absolute 
testosterone levels reach the upper limit of pre-
pubertal range or rise by more than twice the 
baseline value.12

Normal levels of serum Testosterone, DHT, LH 
and FSH were found in 15 (28%) patients. All 
of these patients responded positively to hCG 
stimulation test. On calculations T/DHT ratio 
was found to be more than 20 in 2 out of 15 i.e. 
(13%) patients and these patients were given a 
diagnosis of 5-Alpha reductase deficiency based 
on their investigations and physical findings. T/
DHT ration was less than 20 in 13 out of 15 i.e. 
(87%) patients, 3 of these patients, based on 
their female like external genitalia were given a 
diagnosis of Androgen Insensitivity Syndrome(2 
CAIS, 1 PAIS). 2 patients having hypospedias 
as the only presenting complaint were given 
a diagnosis of Isolated hypospadias while no 
definite diagnosis could be made for the rest 
of 8 patients and they require detailed physical 
& laboratory investigations including molecular 
studies to reach a diagnosis.

High testosterone levels were found in 9 out of 
53 patients. Out of these nine patients 4 had 
low DHT, T/DHT ratio of greater than 20 on hCG 
stimulation, female like external genitalia and 
palpable testes in the inguinal region. These 
4 patients were therefore given a diagnosis of 
5-Alpha reductase deficiency. The 5 other patients 
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had normal DHT, T/DHT ratio less than 20, female 
like external genitalia with two of them having 
testes in the inguinal region while testes were 
detected in abdomen by ultrasonography in one 
patient. Based on these findings these 5 patients 
were given a probable diagnosis of Androgen 
Synthesis Defect (All PAIS). This diagnosis 
need to be confirmed by molecular analysis of 
Androgen receptor gene.

Low testosterone levels were found in the largest 
number of these patients i.e. 29/53 (55%). hCG 
stimulation in these patients resulted in positive 
response in 19(66%) of these 29 and no response 
in 10(34%). Serum 17-0H-Progesterone levels 
were measured in all these 29 patients. Low level 
of 17-0H-Progesterone were found in 7 (13%) 
patients. These patients had high LH & FSH levels, 
having gonads in the inguinal ord labioscroral 
region & variable degree of genital ambiguity were 
given a diagnosis Androgen Synthesis Defect. 
The exact pathway involved in this, need further 
investigation. The rest of the 22 patients had normal 
17 OH-P. Out of these 22 normal range patients, 3 
patients did not respond to hCG stimulation & their 
gonads were not found in lobioscroral, inguinal or 
abdominal region even by radiography studies. 
These patients were therefore given diagnosis of 
gonadal dysgenesis. In rest of 19(66%) there was 
no diagnosis be made.

The most common disease in this study was 
Androgen Insensitivity Syndrome and no 
of cases were 08(14%) patients. Second is 
Androgen Synthetic Defect i.e. total no. 07(13%) 
then 5-Alphareductase Deficiency Syndrome 
with 06(11%) no. of cases, Gonadal Dysgenesis 
03(6%), and lastly Isolated Hypospedias with 
02(4%) no. of cases. 26(49%) no. of cases 
remained undiagnosed. 

Final Diagnosis
Name of the Disease No of Cases (53)

Androgen Insensitivity Syndrome 08(14%)
Androgen Synthetic Defect 07(13%)
5-Alpha Reductase Deficiency. 06(11%)
Gonadal Dysgeneis 03(6%)
Others (Isolated Hypospedias) 02(4%)
Undiagnosed 26(49%)

DISCUSSION
Disorders of sex development are wide range of 
conditions with equally diverse pathophysiology 
presenting at birth or at the onset of puberty. In 
newborn with DSD the development of external 
genitalia is ambiguous making it confusing 
to assign a proper gender to the baby while in 
adolescents, failure to achieve sexual maturity 
or atypical sexual development prompts the 
patient and their parents to seek medical advice. 
Having a newborn with DSD is a social stigma for 
the parents casing anxiety, embarrassment and 
uncertainty. Similarly atypical sexual development 
in the adolescents cause psychological trauma to 
the patients as well as their parents.

The present study was conceived with the aim to 
establish a diagnostic algorithm for the diagnosis 
of 46, XY DSD patients by measuring levels of 
their hormones considered to be involved in 
differentiation and development of male internal 
and external reproductive organs. Only 46, XY 
DSD patients were selected in the present study 
because in these patients there is heterogeneous 
presentation and diverse pathophysiology of the 
disease. On the other hand it is known that in 46, 
XX DSDs, Congenital adrenal hyperplasia is the 
most common cause of DSD.12

Physical examination, sex chromosome analysis 
by karyotyping, pelvic ultrasonography and 
hormonal analysis are the essential steps in 
establishing a diagnosis of DSD. In the present 
study only those patients were recruited who 
had normal 46, XY karyotype on chromosome 
analysis. 

Based on clinical examination and hormonal 
profile Androgen insensitivity syndrome was 
found to be the cause of DSD in majority of 
patients (14%) in the present study. 3 out of the 
8 patients in current study with AIS had normal 
levels of serum testosterone while 5 had levels 
higher than the reference values. DHT levels and 
LH levels were increased in all the patients and 
all had normal T/DHT ratio of ≤ 20. 2 of these 
patients, 16 and 18 year of age, were raised as 
girls and presented to the clinic with the complaint 
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of primary amenorrhoea. They had female like 
external genitalia and testes were present in the 
inguinal region in one patient and were detected 
in the abdomen in the other. Normal breast 
development according to age were present 
in both the patients. Rest of the 6 patients (age 
from 4 years to 8 years) presented with testes in 
inguinal region and suspicion of inguinal hernia. 
4 of them had perineal hypospadias with under-
virilized phallus and were given a diagnosis 
of PAIS. Remaining 2 patients had female like 
internal genitalia with no Mullerian structures on 
ultrasonography and were also diagnosed as 
PAIS. The percentage of patients with CAIS (4%) 
in the present study coincides with the percentage 
found in study from India13 (8.7%) and Turkey1 
(7%) while the percentage of PAIS patients in 
these studies was much higher, 19.2% and 31% 
respectively against 10% in the present study.13,1 
Study from Saudi Arabia reported CAIS to be 
present in 14.28% of their patients while PAIS was 
reported in 10.7% patients. Study from Indonesia 
did not demarcated the patients of AIS into CAIS 
or PAIS but found AIS in 33% of their patients.

Androgen synthetic defect was found in 13% of 
patients in our study. Comparing Al-Jurayyan 
in 2011 reported androgen synthesis defect in 
14.3% of 46, XY DSD patients from Saudi Arabia. 
This percentage is similar to the one found in the 
present study. While in a study from Turkey no 
patient of androgen synthetic defect was found 
in 45 patients of DSD1 nor was any patient with 
this defect was found in study from Indonesia.15 
Similarly a study from India found androgen 
synthesis defect in 7.1% of DSD patients.13 
Patients with androgen synthesis defect in the 
present study had low testosterone levels, low 
17-OH progesterone levels, low response to hCG 
stimulation and increased FSH and LH levels. 
These patients had underdeveloped male internal 
reproductive organs on ultrasonography scan. 
In the present study only a broader diagnosis 
of Androgen synthetic defect could be made as 
testosterone is produced from cholesterol through 
a number of biochemical conversions and defect in 
any of the enzymes needed for these conversions 
results in defect in androgen production despite 

the presence of testes.5 There could be defect 
in Steroidogenic acute regulator (StAR) protein, 
P450 side chain cleavage/CYP11A1 enzyme 
deficiency or 17α-Hydroxylase/17,20 Lyase 
deficiency.12 Lydig cell hyperplasia or LH receptor 
defects may also result in androgen biosynthesis 
defect.16,17 To identify the exact cause of defect in 
androgen synthesis in the present study requires 
further biochemical and molecular investigations.

5-Alpha reductase deficiency was found in 6 (11%) 
of patients in the present study. All these patients 
had normal testosterone levels, decreased DHT 
levels and markedly elevated serum T/DHT ratio 
≥ 20. This elevated ration is the hall mark of the 
diagnosis of 5-Alpha reductase deficiency.18 All 
these patients had perineal hypospadias with 
three having unilateral undescended testes while 
two had bilateral testes in the inguinal region. 
Three of the patients had female like phallus while 
two had micropenis. Labioscrotal folds were 
unfused in all the patients. 5-Alpha reductase 
enzyme is expressed by SRD5A2 gene present 
on chromosome 2 and this enzyme catalyzes 
the conversion of testosterone into the more 
potent androgen, dihydrotestosterone.19 When 
compared with studies from other populations, 
the percentage of patients diagnosed with 5-Alpha 
reductase deficiency (10%) in the present study is 
closer to that from Turkey (7%) and Saudi Arabia 
14.28%.1,14 Study from India has reported a very 
high percentage (22%) of 5-ARDS.13

Gonads were not palpable nor detected by 
ultrasonography scan in 3 (6%) patients. These 
three patients had low levels of serum testosterone 
and DHT, raised LH and FSH levels and no 
response to hCG stimulation test. These patients 
were therefore diagnosed as having Gonadal 
dysgenesis. Gonadal dysgenesis in 46, XY 
individuals is a heterogeneous group of disorders 
resulting from mutations or deletions in testes 
determining gene SRY or duplication of dosage 
specific sex (DDS) locus on X-chromosome. 
Mutations in many autosomal genes have also 
been reported in cases of gonadal dysgenesis.20 
All of the patients diagnosed in the present study 
as having Gonadal dysgenesis were raised as 

5
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females and had female like external genitalia. 
One of the patient had underdeveloped Mullerian 
structures while no Mullerian structure was found 
on ultrasonography in rest of the two patients. The 
percentage of patients with gonadal dysgenesis 
in the present study is lower than that reported 
from Indonesia, India and Turkey, 16%, 16% and 
13% respectively.13,1,15 

Finally two (4%) of the patients had peno-scrotal 
hypospadias with normal male like phallus and 
testes located in normally formed scrotum. 
They had normal hormonal profile and normal 
internal male reproductive organs. These patients 
were therefore labelled as having isolated 
hypospadias. X-linked recessive, autosomal 
dominant and autosomal recessive modes of 
inheritance has been reported in patients with 
isolated hypospadias.21 No definite diagnosis 
could be given to the remaining 49% of patients 
in the present study. This was due to very 
heterogeneous and complex presentation and 
not very informative hormonal profile. It has been 
reported in the literature that 30-40% of cases 
with 46, XY DSD remain undiagnosed despite 
extensive diagnostic workup.5 

CONCLUSION
The present study was conducted to define a 
possible algorithm for a stepwise approach to 
reach the diagnostic classification of patients 
with DSD. Based on the algorithm a probable 
diagnosis was possible in 51% of patients. 
Addition of more biochemical tests like precursors 
of Testosterone biosynthesis precursors would 
further increase the usefulness of the proposed 
algorithm. Based on current information and 
limitations of the biochemical analysis it justified 
to incorporate molecular genetic studies in the 
diagnostic algorithm for the diagnosis of DSDs. 
Additional studies are required to identify the 
more useful and cost effective approach to the 
diagnosis of local patients with DSD so that an 
early and specific management plan leading to 
optimal outcome could be designed for them.
Copyright© 21 June, 2016.

REFERENCES
1. Erdoğan S, Kara C, Uçaktürk A, Aydın M. (2011). 

Etiological Classification and Clinical Assessment 
of the Children and Adolescents with Disorder of 
Sex Development. J Clin Res Pediatr Endocrinol. 3(2): 
77–83.

2. Lee PA, Houk CP, Ahmed SF, Hughes IA. (2006); 
Consensus statement on management of intersex 
disorders. International Consensus Conference on 
Intersex. Pediatrics. , 118(2):488-500.

3. Ahmad SF, John C. Acherment, Wiebke Arlt, Adam 
H.Balen, Gerry Conway, Zoe L Edwards et al (2011). 
UK guidance on the initial evaluation of an infant 
or an adolescent with a suspected disorder of sex 
development. Clinical Endocrinology. 75: 12-26.

4. Thuyen U, Lanz K, Holterhus PM, Hiort O. (2006). 
Epidemiology and initial management of ambiguous 
genitalia at birth. Horm Res 66:195–203.

5. Mendonca BB, Costa EM, Belgorosky A, Rivarola MA, 
Domenice S. (2010). 46, XY DSD due to impaired 
androgen production. Best Pract Res Clin Endocrinol 
Metab.; 24(2):243-62. 

6. McCann-Crosby B, Mansouri R, Dietrich JE, McCullough 
LB, Sutton VR, Austin EG, Schlomer B, Roth DR, Karaviti 
L, Gunn S, Hicks MJ, Macias CG. (2014). State of the 
art review in gonadal dysgenesis: challenges in 
diagnosis and management. Int J Pediatr Endocrinol. 
4(1).

7. Fluck CE, Panday AV. (2014). Steroid genesis of the 
testis-new genes and pathways. Ann Endocrinol. 14: 
21-3.

8. Auchus RJ, Miller WL. (2012). Defects in androgen 
biosynthesis causing 46, XY disorders of sexual 
development. Semin Reprod Med; 30(05): 417-426.

9. Fluck CE Meyer-Boni M, Panday AV, Kempa P, Miller 
WL Schoenle EJ, Biason-Lauber A.(2011). Why 
boys will be boys: two pathways of fetel testicular 
androgen biosynthesis are needed for male sexual 
differentiation. Am J Hum Genet. 12:89(2):201-18. 

10. Kota SK1, Gayatri K, Kota SK, Jammula S. (2013). 
Genetic analysis of a family with complete androgen 
insensitivity syndrome. Indian J Hum Genet. 19(3):355-
7. 

11. Praveen EP, Desai AK, Khurana ML, Philip J, Eunice 
M, Khadgawat R, Kulshreshtha B, Kucheria K, Gupta 
DK, Seith A, Ammini AC. (2008). Gender identity of 
children and young adults with 5alpha-reductase 
deficiency. J Pediatr Endocrinol Metab. (2 ed.) 21 (2): 
173–179.

12. Ahmad SF, John C. Acherment, Wiebke Arlt, Adam 
H.Balen, Gerry Conway, Zoe L Edwards et al (2011). 

6

http://www.ncbi.nlm.nih.gov/pubmed?term=Auchus RJ%5BAuthor%5D&cauthor=true&cauthor_uid=23044879
http://www.ncbi.nlm.nih.gov/pubmed?term=Miller WL%5BAuthor%5D&cauthor=true&cauthor_uid=23044879


Professional Med J 2016;23(10): 1202-1208. www.theprofesional.com

46 XY DISORDER

1208

UK guidance on the initial evaluation of an infant 
or an adolescent with a suspected disorder of sex 
development. Clinical Endocrinology. 75: 12-26.

13. Joshi RR, Rao S and Desai M. (2006), Etiology and 
Clinical Profile of Ambiguous Genitalia - An Overview 
of 10 Years’ Experience. Indian Peadiatrics. 43: 974–
979.

14. Al-Jurayyan NA. (2011). Ambiguous Genitalia: two 
decades of experience. Ann Saudi Med; 31(3):284-8. 

15. Juniarto AZ, Yvonne G, Zwan VD, Santosa A, Hersmus R, 

Frank H. Jong D, Olmer R, Bruggenwirth HT, Themmen 
APN, Wolffenbutte KP, Looijenga LHJ, Faradz SMH, and 
Drop SLS. (2011). Application of the new classification 
on patients with a Disorder of Sex Development in 
Indonesia. Int J Endocrinol 2012 (2012): 237084.

16. Han B, Wang ZQ, Xue LQ, Ma JH, Liu W, Liu BL, Wu 
JJ, Pan CM, Chen X, Zhao SX, Lu YL, Wu WL, Qiao 
J, Song HD (2012). Functional study of an aberrant 
splicing variant of the human luteinizing hormone 
(LH) receptor. Mol Hum Reprod. 18(3):129-35.

17. Kossack N, Troppmann B, Richter-Unruh A, Kleinau 

G, Gromoll J. (2013). Aberrant transcription of the 
LHCGR gene caused by a mutation in exon 6A leads 
to Leydig cell hypoplasia type II. Mol Cell Endocrinol. 
5; 366(1):59-67.

18. Ng KL, Ahmed SF, Hughes IA. (2000). Pituitary-gonadal 
axis in male undermasculinisation. Arch Dis Child. 
82(1):54-8.

19. Berra M1, Williams EL, Muroni B, Creighton SM, Honour 
JW, Rumsby G, Conway GS (2011). Recognition of 
5α-reductase-2 deficiency in an adult female 46XY 
DSD. Clinic Eur J Endocrinol., 164(6):1019-25.

20. Helszer Z1, Dmochowska A, Szemraj J, Słowikowska-
Hilczer J, Wieczorek M, Jędrzejczyk S, Kałużewski B. 
(2013). A novel mutation (c. 341A>G) in the SRY gene 
in a 46, XY female patient with gonadal dysgenesis. 
Gene. 10; 526(2):467-70.

21. Fukami M, Wada Y, Miyabayashi K Nishino I, Hasegawa 
T, Nordeskjold A, Camerino G, Kretz C, Buj-Bello A, 
Laporte J, Yamada G, Morohashi K, Ogata T. (2006). 
CXoff6 is a causative gene for hypospadias. “Nature 
Genet”. 38: 1367-1371.

AUTHORSHIP AND CONTRIBUTION DECLARATION

Sr. # Author-s Full Name Contribution to the paper Author=s Signature

1

2

3

4

5

Dr. M. Naveed Najeeb

Dr. Sadiq Hussain Malik

Dr. Sh. Khurram Salam Sehgal

Dr. Ameer Ahmad Malik

Dr. Saqib Mehmood

Samples collection, 
Data form filling, Study 
designing and hormonal 
analysis
Hormonal analysis and 
establishing results 
Sample technique 
analysis and study 
designing 
Helping in collection of 
samples, Data analysis 
and Biostatical Analysis 
Karyotyping, Collection 
of literature and help in 
writing Discussion

7


