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Variability in Sex Assignment at Birth and Etiological Diagnosis
of Differences of Sex Development: A Ten-Year Institutional
Experience from Assam
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Introduction: Differences of sex development (DSD) also known as disorders of sex development encompass a wide spectrum of conditions
with varying clinical presentations across different age groups. This study aims to analyse various aetiologies of DSD in Assam and the
variability of sex assignment at birth. Methods: This retrospective study included the records of people with DSD presenting to a tertiary
centre over 10 years. The age at presentation, sex assignment, gender identity, degree of ambiguity, pertinent hormonal and radiological
investigations were noted. Descriptive statistics were used for analysis. Results: The age of presentation varied widely, with peaks during
infancy and puberty. The most prevalent DSD type was 46, XY DSD (61.2%), followed by 46, XX DSD (19.7%) and sex chromosome
DSD (19.1%). Among people with 46, XY DSD, androgen biosynthesis disorders were dominant, particularly 5-a reductase 2 deficiency
(46.7%). Among 46, XX DSDs, the most common subtype was androgen excess disorders (51.7%) comprising 21a-hydroxylase deficiency
(48,3%) and 11B3-hydroxylase deficiency (3.4%). Turner syndrome was most prevalent among sex chromosome DSD (71.4%) with others
being Klinefelter syndrome, 45, XO/46, XY mixed gonadal dysgenesis and 46, XX/46, XY chimerism. The degree of ambiguity was
variable depending on the type of DSD and similarly, sex assignment at birth was influenced by the level of ambiguity. Conclusion: The
study underscores the significance of comprehensive approaches for DSD diagnosis and management, especially in regions with limited
resources. The insights gained from this clinical study offer valuable understanding and aid in addressing the complexities associated with
these conditions.
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INTRODUCTION genomic hybridization, and multiplex ligation-dependent probe
amplification for detecting smaller copy number variations in
known DSD genes. Additionally, next-generation sequencing
is gaining prominence for high-throughput analysis. The
recommended approach integrates clinical phenotyping,
biochemical data, and genetic results, instead of traditional
stepwise stratification, where targeted genetic tests are typically
conducted only after biochemical guidance. The management

Differences of sex development (DSD) encompass a
heterogeneous group of conditions, which present across
different age groups with a wide spectrum of clinical
presentation. It is defined as a condition in which chromosomal,
gonadal or anatomical sex is atypical.'l The classification of
DSD includes sex chromosome DSD, 46, XY DSD and 46,
XX DSD, with many subclassifications within each category.
It is vital to achieve a specific diagnosis to plan appropriate Address for correspondence: Prof. Uma K. Saikia,
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of people with DSD poses significant challenges in accurate
diagnosis, sex assignment, and intervention, necessitating
a specialized comprehensive, team-oriented approach that
addresses medical, surgical, social, and psychological aspects.
DSD in the neonatal period usually presents with ambiguous
genitalia with or without a life-threatening salt-losing crisis
whereas during childhood precocious puberty or gender
dysphoria may be the presentation. Adolescents may present
with delayed puberty or gender dysphoria and adults may
have infertility. However, in India, many DSD cases present
late due to a lack of awareness, social stigma, and economic
constraints. The incidence of different DSD conditions varies,
and reliable data on prevalence are limited, especially from
the North-East part of India. Hence this study was done to get
insight into the patterns of DSD in this part of India.

MAaTeriALS AND METHODS

This was a retrospective study that was conducted at a tertiary
care centre in the North-East part of India. The study design
involved the analysis of the records of 147 patients with
DSD of any age group who presented to the Department
of Endocrinology over ten years, from January 2013 to
February 2023. The clinical presentation, age at presentation,
sex assigned at birth, gender identity, gender role, and any
gender dysphoria were recorded. The clinical examination
records of the degree of ambiguity (External Masculinization
Score — EMS [Table 1]/Prader score) were noted. The
relevant hormonal investigations including baseline serum
Cortisol, Follicular stimulating hormone (FSH), Luteinizing
hormone (LH), total testosterone (T), Anti Mullerian
Hormone (AMH), 17-hydroxyprogesterone (170HP) and
inhibin B (where needed) were recorded. Post-human
Chorionic Gonadotropin (hCG) stimulated (500 IU in
infants, 1000 IU for children aged 1-10 years, and 1500 IU
for > 10 years for 3 days subcutancously) testosterone,
dihydrotestosterone (DHT), and androstenedione (A) were
noted. However, for infants who were in mini puberty, hCG
stimulation was not done. FSH, LH, AMH, and T were measured
by chemiluminescence assay (IMMULITE 1000 analysers
till the year 2017) and electrochemiluminescence (ECLIA)
assay (Cobas e 411 analysers, Roche Diagnostics from
2017 onwards). DHT, A, and inhibin B were measured with
enzyme-linked immunosorbent assay (ELISA). The inter
and intra-assay coefficient of variation was < 10%. Imaging

including ultrasonography (USG) and/or magnetic resonance
imaging (MRI) was done to look for Mullerian and Wolffian
structures as well as the gonads. Laparoscopy was done only
in selected cases and records were noted. Karyotyping was
done in all patients of DSD.

46, XY DSD: Among the 46, XY DSDs, 5-a reductase
2 deficiency was diagnosed when hCG stimulated T/
DHT ratio was more than 10, and 17-f hydroxysteroid
dehydrogenase (HSD) 3 deficiency was diagnosed when
hCG stimulated T/A was less than 0.8. Complete androgen
insensitivity syndrome (CAIS) was diagnosed when a 46,
XY subject with female phenotype presented with primary
amenorrhoea and breast development with elevated T and LH
with no Mullerian structures on imaging. If genital ambiguity
or hypospadias was associated with elevated T and LH
without Mullerian structures, a diagnosis of partial androgen
insensitivity syndrome (PAIS) was made. Vanishing testes
syndrome was diagnosed when a 46, XY subject with male
phenotype presented with empty scrotal sacs, low T, elevated
FSH and LH, low AMH and inhibin B, and absent gonads on
imaging. A diagnosis of isolated hypospadias was made with
normal T, normal gonadotropins, T/DHT < 10 and T/A > 0.8.
Swyers syndrome was diagnosed in a 46, XY phenotype
female with absent secondary sexual characters, elevated
gonadotropins, low T, and presence of Mullerian structures
whereas partial gonadal dysgenesis was diagnosed when the
patient had ambiguous genitalia, Mullerian structures, and
elevated gonadotropins.

46, XX DSD: Amongsubjects with46, XX DSD, 21 o-hydroxylase
deficiency congenital adrenal hyperplasia (CAH) was
diagnosed when basal or cosyntropin stimulated 170HP was
elevated more than 1000 ng/dL whereas 11B-hydroxylase
deficiency CAH was diagnosed with cosyntropin stimulated
plasma 11-deoxycortisol more than 1800 ng/dL and low
cortisol. Subjects with absent secondary sexual characters with
primary amenorrhoea without genital ambiguity with elevated
gonadotropins were labelled as gonadal dysgenesis. When
both testicular and ovarian components were detected in the
gonads and the subject presented with genital ambiguity with
the presence of both Mullerian and Wolffian structures then
the diagnosis of ovotesticular DSD was made. XX testicular
DSD was diagnosed if Mullerian structures were absent and
AMH and T were in the male range. Mayer—Rokitansky—
Kiister—Hauser (MRKH) syndrome was diagnosed with normal

Table 1: External masculinization score (EMS)

3 Yes No Normal
2 Distal
1.5 Labio-scrotal Labio-scrotal
1 Mid Inguinal canal Inguinal canal
0.5 Abdomen Abdomen
0 No Yes Proximal Absent Absent
Score Scrotal fusion Micro penis Urethral meatus Right Left
Gonad Gonad
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adult female phenotype, primary amenorrhoea with absent
Mullerian structures.

Sex chromosome DSDs were diagnosed based on typical
clinical features and karyotype.

Statistical analysis was performed using SPSS version 21. The
distribution of data was analysed using the Shapiro—Wilk test.
Quantitative data were expressed using frequency, percentage,
means, median, range and standard deviation. Categorical
variables were described using numbers and percentages.
Correlation between variables was assessed using Spearman
correlation.

Ethical aspects

The study was approved by Gauhati Medical College and
Hospital Ethics Committee vide letter MC. No. 190/2007/
Pt-11/April2023/16 on 23/06/2023. Consent was waived due
to the retrospective nature of the study. Patient confidentiality
was maintained. All study procedures were according to the
guidelines laid down in the Declaration of Helsinki 1964 and
as revised later.

ResuLts

The records of 147 people with DSD were included in the
present study. The age range of presentation was 3 days to
35 years with median age of 8 years. A good proportion
of cases (40.1%) presented in the first 5 years of life with
approximately 17.6% of them presented in infancy. A second
peak of presentation was seen at the age of puberty [Figure 1].
The clinical presentation of DSDs is depicted in Figure 2.

Among all types of DSDs, 46, XY DSD was the most common
DSD (61.2%) followed by 46, XX DSD (19.7%) and sex
chromosome DSD (19.1%). The etiological diagnosis, sex
assigned at birth, and age of presentation are depicted in
Tables 2—4.

46, XY DSD: Among 46, XY DSD, disorders of androgen
biosynthesis were the most common (57.8%). Disorders of
androgen action constituted 18.9%, disorders gonadal of
development 3.3% and others were 20%. The majority of the 46,
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Figure 1: Age distribution of DSD at presentation (n=147)

XY DSDs were due to 5-o reductase 2 deficiency (46.7%) with
a median age of presentation of 2.88 years with an EMS score
ranging from 1 to 11. Most of the 5-a reductase 2 deficiency
DSDs (88%) were assigned male sex at birth (median EMS 6)
whereas only 11.9% of these subjects were assigned as female
sex at birth (median EMS 2). The EMS correlated negatively
with the T/DHT ratio (Spearman’s rho: -0.433 P — 0.004).
The other androgen biosynthetic defects that were seen in our
study were 17B8-HSD 3 deficiency (10%, n=9) and 33-HSD 2
deficiency (n= 1). Out of the 9 cases of 173-HSD 3 deficiency,
8 were assigned as female at birth with a median EMS of 3.

All subjects of CAIS were assigned as female at birth and
the mean age of presentation was 26 years due to primary
amenorrhoea. The subjects with PAIS presented with a wide
spectrum of ambiguity with an EMS ranging from 1.5 to 10.
Among the PAIS cases, 28.6% (n = 4) of the subjects were
assigned as female at birth with a median EMS of 3 with gonads
located from the inguinal canal to labioscrotal swellings.

The median age of presentation of complete gonadal
dysgenesis and partial gonadal dysgenesis was 28.5 and
13 years, respectively. All of these subjects were assigned as
female at birth and presented with absent secondary sexual
characters and primary amenorrhoea. All subjects of vanishing
testes syndrome and isolated hypospadias were assigned as
male at birth with a median EMS of 6 and 9, respectively.

46, XX DSD: In 46, XX DSD, disorders of gonadal
development, androgen excess and others were 24.1%, 51.7%
and 24.2%, respectively. A total of 21 hydroxylase deficiency
CAH was the most common 46, XX DSD which included
both salt wasting and simple virilizing variants. Subjects with
salt-wasting CAH presented from 2 to 3 weeks of life with

= Ambiguous genitalia m Hypospadias
= Primary amenorrhea Hypogondaism
= Sexual infantilism with Gynecomastia u Virilization
w Heterosexual Precocity and virilization Non palpable gonads
Microphallus Anal Malformation
40
o 35
8 30
=
S 25
—
o 20
5}
_815
S 10
=z
5
Otvm>.>.>.<nc/)wwmgga>m>\m:|:c®w’\m
EQPo008z22cESsnpg 8o cwSEERT
S 2o 0 o0aLRecO0O=5090ET LS a2
T @& O © © T g 0 = = X X 0 B =€ v v L o
c O v e & € o 8 & 0 0 & ¢ = € € = O
S 00 0 o S0 0353353550 50 >>< 9
O >T QT UJQ_>'9_9'§"§,'OUJ'§“—"UU)UJ09>~
o O N oA 0o 20 3% F 2 91 g5 5 EQC
p— bl — L0 » (O] —
[T = B T P T 290 5o sXp—=-=¢c8238
$R32a2 3 2833 ch s> ézTe&s53%
2 ST 3 28T ESXNNLS c cp2c @
» S LT 8 8 S0 X oo o < ¢ > &
O o0 B 3 cnoo © ¢ ¢ = > = »n O
O o< T S o O S =5 5 2 @ 4 = O
= - 2 c = o L 2> > o
kS| 14 3 o] s & A £ 3
£ S c é 2 s @ — =
© [rs) ] I = - © = =
o > T L - o =
n g =
c
£ S
%] [0

Figure 2: Spectrum of clinical presentation in the different categories
of DSD
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Table 2: Clinical characteristics of 46, XY DSD

46, XY DSD N=90 (61.2%)

Age of presentation (Median years)

Sex assigned at birth

Female Male Not assigned

Disorder of Gonadal Development

Swyers syndrome — 2 (2.2%) 28.5 2 0 0

Partial gonadal dysgenesis — 1 (1.1%) 13 0 0
Disorder of androgen synthesis

3B-HSD 2 deficiency — 1 (1.1%) 0.16 1 0

17B-HSD 3 deficiency — 9 (10%) 0.16 0 1

Sa-reductase 2 deficiency — 42 (46.7%) 2.88 5 36 1
Disorder of androgen action

CAIS -3 (3.3%) 26 3 0 0

PAIS — 14 (15.6%) 4.5 10 0
Others

Vanishing testes syndrome — 4 (4.4%) 15 0 4 0

Isolated hypospadias — 14 (15.6%) 9.5 0 14 0

Table 3: Clinical characteristics of 46, XX DSD

46, XX DSD N=29 (19.7%)

Age of presentation (Median years)

Sex assigned at birth

Female Male Not assigned

Disorder of Gonadal Development

Gonadal dysgenesis — 2 (6.9%) 22 2 0 0

Ovotesticular DSD — 4 (13.8%) 2.5 0 4 0

Testicular DSD — 1 (3.4%) 0.16 0 1 0
Disorder of androgen excess

Salt wasting 21a-hydroxylase — 4 (13.8%) 0.05 3 0 1

Simple virilising 21a-hydroxylase — 10 (34.5%) 4.5 8 2 0

11B-hydroxylase deficiency — 1 (3.4%) 2.5 1 0 0
Others

MRKH syndrome — 4 (13.8%) 23.5 4 0 0

Gonadal dysgenesis with MRKH syndrome — 2 (6.9%) 19 2 0 0

Anal malformation — 1 (3.4%) 0.16 1 0 0

Table 4: Clinical characteristics of Sex chromosome DSD

Sex Chromosome DSD

Age of presentation (Median years)

Sex assigned at birth

N=28 (19.1%) Female Male Not assigned
47, XXY and variants — 4 (14.3%) 25.5 0 4 0
45, XO and variants — 20 (71.4%) 15 20 0 0
45, X0/46, XY and variants — 3 (10.7%) 0.33 2 1 0
46, XX/46, XY — 1 (3.6%) 11 0 1 0

a median Prader stage of 3. Subjects with simple virilising
CAH presented at a median age of 4.5 years of whom 2 out
of 10 were assigned as male at birth. The most common
presentation was heterosexual precocious puberty. One subject
with 113-hydroxylase deficiency presented with heterosexual
precocious puberty at the age of 2.5 years. Among 46, XX
ovotesticular DSDs (n =5) all of them were assigned as male
sex at birth but presented as ambiguous genitalia at a median
age of 2.5 years with a median EMS of 3.

There was only one subject of 46, XX testicular DSD, who
presented at the age of 2 months with an EMS of 3. The genetic

analysis of this baby did not show the SRY (sex-determining
region Y) gene on FISH (Fluorescence in situ hybridization)
but the diagnosis was made based on absent Mullerian
structures and inguinal gonads. Two subjects of pure gonadal
dysgenesis (46, XX gonadal dysgenesis) presented with
absent secondary sexual character and primary amenorrhoea.
MRKH syndrome was diagnosed in six subjects and 2 of
them co-existence of gonadal dysgenesis was found. In these
2 subjects, primary amenorrhoea was associated with sexual
infantilism whereas the other 4 subjects presented with only
primary amenorrhoea. There was only one neonate who
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presented with an anal malformation in the form of anal atresia,
rectovaginal fistula, and poorly developed labioscrotal folds
with phallus-like structure and this was categorized under
other forms of DSD.

Sex chromosome DSD: A total of 28 subjects out of 147 had
sex chromosome DSD and Turner syndrome was the most
common. Turner syndrome subjects presented at a median age
of 15 years with the most common presentation being absent
secondary sexual characters and primary amenorrhoea. Five
of them had mosaic karyotypes and these subjects presented
even later at a median age of 18 years. Three of them had
Tanner stage 3 breast development but presented for primary
amenorrhoea. Among the Klinefelter syndrome subjects, one
had a karyotype of 48, XXXY, and others had 47, XXY. 3
subjects with mixed gonadal dysgenesis 2 were assigned as
female at birth and one of them had a karyotype of 45, X0O/47,
XYY. These 2 subjects had mullerian structures and gonads in
the pelvis. The male sex-assigned subject with mixed gonadal
dysgenesis presented with ambiguous genitalia without
Mullerian structure on imaging, with one gonad in the inguinal
canal and the other gonad in the scrotal sac. One subject with
ovotesticular DSD had a chimeric karyotype of 46, XX/46, XY
and this child was assigned as male at birth but later presented
at the age of 11 years with ambiguous genitalia, bilateral pelvic
gonads, and Mullerian structure on imaging.

Gender dysphoria was present with one subject of 46, XY DSD
with 178-HSD 3 deficiency who presented at the age of 22 years,
and was assigned as female at birth. This subject had a gender
identity of male and an EMS of 3 with a phallus length of 6 cm.

Discussion

The present retrospective study investigated a diverse cohort
of people with DSD who presented to a tertiary hospital
in North-East India. A total of 147 people with DSD were
included. The current study demonstrates consistency with
previous studies reported in India with the distribution of
DSD subtypes which also reported 46, XY DSD as the most
prevalent subtype, ranging from 52.3% to 77.6%.5! Similar to
our study, the prevalence of 46, XX DSD has been reported to
vary from 19.7% to 27.5% in these studies. It is worth noting
that one study excluded Turner syndrome and Klinefelter
syndrome from their analysis.®! However, some studies have
reported 46, XX DSD more than 46, XY DSD!® and some have
reported equal incidence of both 46, XY and 46, XX DSD.!

Several studies conducted outside India also show similar
results as our study showing a higher prevalence of 46, XY
DSD ranging from 48.7% to 71% than 46, XX DSD varying
from 21.5% to 46.2%.% ¥ However, Finlayson et al.l' reported
a higher prevalence of 46, XX DSD than 46, XY DSD (57%
vs 34%). Kohva et al.l' reported a higher proportion of sex
chromosome DSDs (37.1%) in their study. The variations in
reported DSD prevalence globally may be due to the influence
of diverse factors such as social, cultural, and genetic within the
study populations. Disparities in awareness of DSDs, access

to healthcare, and the availability of diagnostic tools between
regions can affect the identification and reporting of different
DSD subtypes.

The age of presentation in our study ranged from the neonatal
period to 35 years, with 17.6% of the subjects presenting in
the first year of life and 59.9% presenting after the age of
5 years. Also, there was a notable increase in presentations
during puberty in the form of delayed puberty and heterosexual
puberty seeking medical care. Various other studies have
also reported a wide age range of presentation starting from
birth to 65 years.>"%161 In a recently published study by Man
et al.,"™ where DSD cases were referred to a multidisciplinary
team, almost 80.1% of cases presented in the neonatal period
with 3.8% presenting in the antenatal period. This variation
in age of presentation may be attributed to the difference in
knowledge and attitude towards DSDs and delay in referral
to higher centres.

In our study Sa-reductase 2 deficiency was most common
among 46, XY DSD, and ambiguous genitalia was the most
common presentation with a median EMS of 6 (1-11). This is in
concordance with the study by Misgar et al.”? who reported it as
58.6%. However, it is noteworthy that many other studies have
reported androgen insensitivity as the most common DSD.[+5:10]
In our study majority of the Sat-reductase 2 deficiency subjects
were assigned male sex at birth due to higher EMS scores and
only 5 (11.9%) of these subjects were assigned female sex at
birth. One subject who was assigned as female at birth presented
at 13 years of age with inguinal pain caused by testicular
torsion. This person had a female gender identity while the
other 4 subjects were less than 4 years of age and hence needed
regular assessment for gender dysphoria. Previous studies show
that in So-reductase 2 deficiency, both male and female sex
assignment at birth is possible but male sex assignment is more
common and those with female sex assignment may develop
gender dysphoria in the future.'™ Previous studies have also
reported that 56% to 63% of these patients had gender roles
changed from female to male." However, in a study, the
majority (72.7%) were assigned female gender at birth with
49.1% presenting as clitoromegaly.””! Also in our study, EMS
negatively correlated with T/DHT ratio which is however not
concordant with a previous study where T/DHT ratio was not
consistently associated with phenotypic severity.?! A T/DHT
ratio of 8.5 cutoff in the neonatal period has been proposed in
a case report for possible 5o-reductase 2 deficiency.?”

In the present cohort, 9 subjects had 17B-HSD 3 deficiency of
which 8 were assigned as female at birth and one gender was
not assigned at the time of presentation. The median EMS was
3 with a median T/A ratio of 0.34 (0.2 — 0.63). One subject
who presented in adulthood had gender dysphoria and was
assigned as female at birth. In a systematic review, 78.5%
were assigned as female, and 15.2% of these subjects had a
change in gender role from female to male.*! Other studies
have shown gender role change in 39%—64% from female to
male.!"”) Also, these patients have phenotype variability with
the same genotype.?* As the majority of subjects in the present
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study were prepubertal, it is difficult to predict how many of
our cohort will have a change in gender roles.

All subjects with PAIS in our study had some degree of
testicular descent. A total of 28.6% of these patients were
assigned as female at birth. In the literature, it has been
reported that PAIS patients present with varying degrees of
undervirilization, pubertal gynecomastia, impaired phallic
growth and a poor genotype-phenotype correlation. 526
Previous studies have shown that sex assignment in PAIS had
both concordance and discordance with gender identity and
those with discordance had been reassigned the sex from both
male to female and vice-versa during their lifetime.?”

In the present study out of 14 subjects with 210-hydroxylase
deficiency CAH, 2 patients were assigned as male, and in
1 patient sex was not assigned at birth. In a study, it has been
shown that females assigned CAH had higher gender identity
scores compared to control girls indicating towards risk of
gender dysphoria.”® In the same study, gender identity did
not correlate with the degree of virilization, suggesting that
moderate androgen exposure prenatally poses a risk of atypical
gender identity.”?® In a review, it was found that 5.2% of
subjects with CAH who were assigned as female experienced
gender dysphoria, whereas in those who were assigned as
male, it was 12.1%.12°]

In the present cohort, 2 out of 6 subjects of MRKH syndrome
presenting with absent secondary sexual characters with
primary amenorrhoea were found to have hypergonadotropic
hypogonadism. Similar cohorts have been reported in the
literature previously.*3! No genetic cause has been reported
till now, however, endocrine disruptors cannot be ruled out."

The current cohort had 5 subjects with ovotesticular DSD out
of which 4 had 46, XX and 1 had 46, XX/46, XY karyotype.
All these subjects were assigned as male at birth with a median
EMS of 3. On imaging Mullerian structures were present with
varying degrees of gonadal descent. One subject presented at
the age of 35 years with regular menstrual cycles but his gender
identity and role were male. Another subject who presented at
17 years of age with cyclical abdominal pain also had a male
gender identity and role. Our findings are discordant with a
long-term study where 50% were assigned as female with
gender reassignment done in 1 subject from male to female.

Limitations

The limitations of the present study include the retrospective
study design which depends on records. Additionally, the lack
of genetic testing hinders the exploration of genomic data
within the study population. A specific genetic aetiological
diagnosis is important to predict the risk of gonadal tumours.
Furthermore, a single-centre study analysis limits the
generalizability to the wider population.

ConcLusioN

The present study identified 46, XY DSD as the most prevalent
subtype predominantly attributed to 5-ct reductase 2 deficiency

whereas in 46, XX DSD, congenital adrenal hyperplasia was
the most common. A definitive etiological diagnosis requires
a detailed examination and thorough investigative procedure
which is often challenging in resource-limited settings. The
sex assignment at birth may vary based on the degree of
ambiguity but the aetiology of DSD and gender identity may
guide towards sex re-assignment. A long-term follow-up of
these subjects is essential for normal growth and development,
psychological well-being, sexual health and fertility potential.
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