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Objective: This study was conducted to investigate chromosomal abnormalities and their correlations with clinical and radiological findings 
in females with primary amenorrhea (PA). 
Methods: Detailed forms were recorded for 470 females, including the construction of three-generation pedigrees. Peripheral venous blood 
was drawn, with informed consent, for cytogenetic analysis. 
Results: An abnormal karyotype was found in 16.38% of participants. The incidence of structural abnormalities (6.8%) exceeded that of nu-
merical abnormalities (6.15%). Turner syndrome represented 45% of all numerical abnormalities. Furthermore, the Y chromosome was de-
tected in 5% of females with PA. Among the structural chromosomal abnormalities detected (n=32) were mosaicism (25%), deletions 
(12.5%), isochromosomes (18.75%), fragile sites (3.12%), derivatives (3.12%), marker chromosomes (3.12%), and normal variants (29.125%). 
An examination of secondary sexual characteristics revealed that 29.6% of females had a complete absence of breast development, 29.78% 
lacked pubic hair, and 36.88% exhibited no axillary hair development. Radiological findings revealed that 51.22% of females had a hypoplas-
tic uterus and 26.66% had a completely absent uterus. Abnormal ovarian development, such as the complete absence of both ovaries, ab-
sence of one ovary, one absent and other streak, or both streak ovaries, was observed in 69.47% of females with PA. Additionally 43.1%, 
36.1%, 67.4%, and 8% of females had elevated levels of serum follicle-stimulating hormone, luteinizing hormone, thyroid-stimulating hor-
mone, and prolactin, respectively. 
Conclusion: This study underscores the importance of karyotyping as a fundamental diagnostic tool for assessing PA. The cytogenetic cor-
relation with these profiles will aid in genetic counseling and further management of the condition. 
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Introduction 

Primary amenorrhea (PA) is defined as the absence of menarche in 
a female by the age of 14, regardless of whether secondary sexual 

characteristics (SSCs) are present [1]. The World Health Organization 
has estimated that 15% of the global population is infertile, with 
amenorrhea ranking as the sixth leading cause of female infertility 
[2]. The menstrual cycle is governed by intricate feedback interac-
tions between the hypothalamus, pituitary gland, and ovaries. The 
primary causes of PA include pituitary-hypothalamic disorders 
(27.8%), gonadal/ovarian disorders (50.4%), and outflow tract (uter-
ine-vaginal) abnormalities (21.8%) [1]. However, the potential condi-
tions underlying PA are vast and could range from endocrine disor-
ders and genetic abnormalities to psychological, environmental, and 
structural anomalies [1]. Other contributing factors may be chromo-
somal disorders or single gene disorders. The incidence of chromo-
somal abnormalities in PA varies, ranging from 15.9% to 63.3% [2]. 
Typically, gonadal dysgenesis is caused by X chromosome mono-
somy (45,X), as seen in Turner syndrome (TS), but amenorrhea can 



also occur in 47,XXX trisomy, in pure 46,XX gonadal dysgenesis and 
46,XY gonadal dysgenesis (Swyer syndrome), or in intersex disorders 
(complete androgen insensitivity syndrome or mixed gonadal dys-
genesis) [3]. PA is a clinically heterogeneous disease, and if left un-
treated, it can result in long-term health risks for the patient, includ-
ing infertility, sexual dysfunction, and a sense of defeminization [4]. 
Consequently, a systematic, organized approach is necessary for di-
agnosis, which involves recording physical examination details, con-
ducting a sonogram of the pelvis, performing endocrinological test-
ing, and carrying out karyotyping [5]. 

The aim of the present study was to determine the frequency of 
chromosomal aberrations and to identify correlations of the karyo-
type with the ultrasound (USG) and clinical profiles of females with 
PA, followed by genetic counseling. 

Methods 

This study was conducted at the Department of Zoology, Gujarat 
University, Ahmedabad, where 470 females presenting with PA were 
referred for cytogenetic analysis. The study considered females aged 
between 14 and 40 years. Approval was obtained from the Universi-
ty Institutional Ethical Committee (Ref. No. Zool./DHEC-01_2016). A 
detailed form was completed for each participant, with informed 
consent provided (for minors, consent was obtained from a parent). 
The form encompassed a detailed pedigree of at least three genera-
tions, information on other family members, the patient's clinical 
profile (including serum levels of follicle-stimulating hormone [FSH], 
luteinizing hormone [LH], thyroid-stimulating hormone [TSH], and 
prolactin), and a comprehensive USG profile. SSCs were evaluated 
based on the Tanner staging previously described [3]. A detailed USG 
report was obtained from the clinician at the time of recruitment, 
and the development of Müllerian duct structures was noted. 

For the cytogenetic analysis, peripheral blood lymphocyte culture 
was performed according to a standard protocol with minor modifi-
cations [6]. Venous blood was collected in aseptic conditions, with 
0.5 mL added to Roswell Park Memorial Institute (RPMI) 1640 culture 
medium supplemented with fetal bovine serum. Phytohemaggluti-
nin was introduced into each culture for stimulation, and the cultures 
were maintained at 37 °C for 72 hours. Colchicine (1 mg/5 mL) was 
added to arrest the cells at metaphase, followed by treatment with a 
pre-warmed hypotonic solution (KCl: 0.75M). The cells were fixed in 
Carnoy's solution (acetomethanol 3:1), and slides were prepared. 
These slides underwent G-banding [7], with a total of 100 meta-
phase plates counted to check for mosaicism and 20 plates karyo-
typed in accordance with International System for Human Cytoge-
netic Nomenclature 2016. Images were captured by a Zeiss micro-
scope and karyotyping was performed using the Ikaros Imaging Sys-

tem (Metasystems). 
Serum hormone levels (FSH, LH, TSH, and prolactin) were assayed 

via chemiluminescence immunoassay on a Centaur device. The 
mean values were calculated and categorized as normal, high, or low 
levels. The reference ranges for hormones were taken from the labo-
ratory values presented in the Endocrine Self-Assessment Program 
(ESAP, 2015).  

Results 

1. Cytogenetic findings
Of the 470 females screened for their cytogenetic makeup, 83.61% 

(n = 393) exhibited a 46,XX karyotype, while 16.38% (n = 77) dis-
played abnormal karyotypes. The chromosomal abnormalities ob-
served were both structural and numerical (Table 1). The results were 
divided into X chromosome numerical abnormalities including 
monosomy X (4.25%), sex reversal (3.4%), and mosaicism (1.9%) (of 
which 1.7% were mosaic monosomy X and 0.2% were mosaic Y); X 
chromosome structural abnormalities such as structural mosaicism 
(1.7%), isochromosome X (1.3%), and deletions in both the p and q 
arms of the X chromosome (0.85%); normal variants (1.9%) including 
inv(Y)(qh) (0.85%), inv (9)(qh) (0.42%), 9qh+ (0.42%), and 14ps+(0.21%); 
and miscellaneous findings (1.1%) including derivatives (0.63%), 
fragile sites (0.21%), and marker chromosomes (0.21%). Our results 
indicated a higher percentage of structural abnormalities (6.8%) 
compared to numerical abnormalities (6.15%). 

Table 1. Frequency of chromosomal abnormalities 

Cytogenetic category Karyotype No. (%)
Normal female karyotype 46,XX 393 (83.6)
Male karyotype 46,XY 16 (3.4)
X numerical Turner syndrome 20 (4.2)

Mosaicism (numerical)a) 9 (1.9)
X structural Mosaicism (structural)b) 8 (1.7)

Deletionc) 4 (0.8)
Isochromosome 6 (1.3)

Normal variants inv(Y)(qh), inv(9)(qh), 9qh+, 14ps+ 9 (1.9)
Miscellaneousd) Derivative, fragile sites and marker 5 (1.1)
Total 470 (100)

a)Numerical mosaicism includes: mos 45,X[60]/47,XXX[11]/46,XX[29] 
(n=4), mos 45,X[53]/46,XX[47] (n=2), mos 45,X[81]/46,XY[19] (n=1), mos 
45,X[64]/47,XXY[36] (n=1), mos 46,XY[90]/46,XX[10] (n=1); b)Structural 
mosaicism includes: mos 45,X[91]/46,X,+mar[9] (n=2), mos 45,X[71]/46
,X,+mar[5]/47,XX,+mar[4]/46,XX[20] (n=1), mos 45,X[85]/46,X,i(X)(q10)
[15] (n=3), mos 45,X[62]/46,X,der(X)t(X;X)(p22;p22.3)[38] (n=1), mos 
45,X[78]/46,X,i(X)(q10)[12]/46,X,del(X)(q10)[8]/47,X,i(X)(q10),+mar[2] (n=1); 
c)Deletion in the X chromosome includes: 46,X,del(X)(q13) (n=2), 46,X,del(X)
(p22.2) (n=1), 46,X,del(X)(q26) (n=1); d)Miscellaneous karyotype includes: 
46,X,der(X)del(X)(q13q22)inv(X)(q23q27) (n=1), 46,XX,der(10)t(10;15)
(p15;q22.1) (n=1), 46,XX,inv(9)(qh),del(18)(q12q21) (n=1), 46,XX,fra(16)
(q22) (n=1), 47,XX,+mar (n=1).
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2. Secondary sexual characters and ultrasonography of 
Müllerian duct

The development of SSCs correlated with the females' karyotypes 
(Table 2). Breast development was examined in 155 females with PA. 
Of these, 36.78% (n = 57) reported normal breast development, 
33.5% (n = 52) had underdeveloped breasts, and 29.6% (n = 46) 
showed complete absence of breast development. The development 
of pubic and axillary hair was evaluated in 141 females with PA and 
categorized as present, absent, or sparse/scanty. Well-developed ax-
illary hair was seen in 39% (n = 55), absent in 36.8% (n = 52), and 
sparse/scanty in 24.1% (n = 34). Pubic hair was well-developed in 
41.1% (n = 58), absent in 29.7% (n = 42), and sparse/scanty in 29% 
(n = 41). 

Ultrasonography screening was performed on 285 females. Of 

these, the uterus was present in 22.1% (n = 63), absent in 26.66% 
(n = 76), and found to be hypoplastic in 51.22% (n = 146) of females 
with PA (Table 3). Among the 146 females with a hypoplastic uterus, 
120 exhibited a normal 46,XX female karyotype, confirming a diag-
nosis of Mayer–Rokitansky–Küster– Hauser (MRKH) syndrome. Ex-
amination of the ovaries showed that both ovaries were present in 
30.52% (n = 87) of females, both were absent in 29.8% (n = 86), one 
was absent in 14.38% (n = 41), one was absent and the other was 
streak in 6.31% (n = 18), and both were streak ovaries in 18.6% 
(n = 53). The high number of females with a hypoplastic uterus and 
normal ovaries indicated that MRKH syndrome was a significant 
cause of PA. A total of 16 females were screened for the development 
of male genitalia (testes), of which 11 showed the presence of testes 
(Table 4). The females who exhibited the presence of testes were 

Table 2. Development of secondary sexual characteristics in different cytogenetic categories 

Cytogenetic category
Breast development (n = 155) Pubic hair (n = 141) Axillary hair (n = 141)

Developed Underdeveloped Not developed Present Sparse/scanty Absent Present Sparse/scanty Absent
Normal female 49 (31.6) 40 (25.8) 34 (21.9) 49 (34.7) 33 (23.4) 31 (21.9) 48 (34.0) 27 (19.1) 39 (27.6)
Male karyotype 2 (1.3) 4 (2.6) 2 (1.3) 2 (1.4) 2 (1.4) 3 (2.1) 2 (1.4) 1 (0.7) 3 (2.1)
X numericala) 2 (1.2) 3 (1.9) 6 (3.8) 2 (1.4) 1 (0.7) 7 (4.9) 2 (1.4) 1 (0.7) 7 (4.9)
X structuralb) 3 (1.9) 2 (1.2) 3 (1.9) 4 (2.8) 3 (2.1) - 2 (1.4) 3 (2.1) 2 (1.4)
Normal variantsc) 1 (0.6) 2 (1.2) 1 (0.6) 1 (0.7) 1 (0.7) 1 (0.7) 1 (0.7) 1 (0.7) 1 (0.7)
Miscellaneousd) - 1 (0.6) - - 1 (0.7) - - 1 (0.7) -
Total 57 (36.7) 52 (33.5) 46 (29.6) 58 (41.1) 41 (29.0) 42 (29.7) 55 (39) 34 (24.1) 52 (36.8)

Values are presented as number (%).
a)Numerical mosaicism includes: mos 45,X[60]/47,XXX[11]/46,XX[29] (n=4), mos 45,X[53]/46,XX[47] (n=2), mos 45,X[81]/46,XY[19] (n=1), mos 
45,X[64]/47,XXY[36] (n=1), mos 46,XY[90]/46,XX[10] (n=1); b)Structural mosaicism includes: mos 45,X[91]/46,X,+mar[9] (n=2), mos 45,X[71]/46,X,+mar[5
]/47,XX,+mar[4]/46,XX[20] (n=1), mos 45,X[85]/46,X,i(X)(q10)[15] (n=3), mos 45,X[62]/46,X,der(X)t(X;X)(p22;p22.3)[38] (n=1), mos 45,X[78]/46,X,i(X)(q10)
[12]/46,X,del(X)(q10)[8]/47,X,i(X)(q10),+mar[2] (n=1); c)Deletion in the X chromosome includes: 46,X,del(X)(q13) (n=2), 46,X,del(X)(p22.2) (n=1), 46,X,del(X)
(q26) (n=1); d)Miscellaneous karyotype includes: 46,X,der(X)del(X)(q13q22)inv(X)(q23q27) (n=1), 46,XX,der(10)t(10;15)(p15;q22.1) (n=1), 46,XX,inv(9)
(qh),del(18)(q12q21) (n=1), 46,XX,fra(16)(q22) (n=1), 47,XX,+mar (n=1).

Table 3. Radiological findings of the uterus and ovarian development in different cytogenetic categories 

Cytogenetic findings
Uterus development (n = 285) Ovarian development (n = 285)

Present  
(n = 63)

Hypoplastic 
(n = 146)

Absent  
(n = 76)

Present  
(n = 87)

One absent and another 
streak (n = 18)

Only one absent 
(n = 41)

Streak/small 
(n = 53)

Absent  
(n = 86)

Normal female (n = 231) 56 (19.6) 120 (42.1) 55 (19.2) 80 (28.0) 16 (5.6) 36 (12.6) 40 (14.0) 59 (20.7)
Normal male (n = 15) 1 (0.3) 5 (1.7) 9 (3.1) 1 (0.3) - 4 (1.4) 4 (1.4) 6 (2.1)
X numerical (n = 19)a) 4 (1.4) 9 (3.1) 6 (2.1) 5 (1.7) - - 5 (1.7) 9 (3.1)
X structural (n = 13)b) 1 (0.3) 10 (3.5) 2 (0.7) 1 (0.3) 2 (0.7) - 4 (1.4) 6 (2.1)
Normal variants (n = 6)c) 1 (0.3) 1 (0.3) 4 (1.4) - - 1 (0.3) - 5 (1.7)
Miscellaneous (n = 1)d) - 1 (0.3) - - - - - 1 (0.3)
Total (n = 285) 63 (22.1) 146 (51.2) 76 (26.6) 87 (30.5) 18 (6.3) 41 (14.3) 53 (18.6) 86 (29.8)

Values are presented as number (%).
a)Numerical mosaicism includes: mos 45,X[60]/47,XXX[11]/46,XX[29] (n=4), mos 45,X[53]/46,XX[47] (n=2), mos 45,X[81]/46,XY[19] (n=1), mos 
45,X[64]/47,XXY[36] (n=1), mos 46,XY[90]/46,XX[10] (n=1); b)Structural mosaicism includes: mos 45,X[91]/46,X,+mar[9] (n=2), mos 45,X[71]/46,X,+mar[5
]/47,XX,+mar[4]/46,XX[20] (n=1), mos 45,X[85]/46,X,i(X)(q10)[15] (n=3), mos 45,X[62]/46,X,der(X)t(X;X)(p22;p22.3)[38] (n=1), mos 45,X[78]/46,X,i(X)(q10)
[12]/46,X,del(X)(q10)[8]/47,X,i(X)(q10),+mar[2] (n=1); c)Deletion in the X chromosome includes: 46,X,del(X)(q13) (n=2), 46,X,del(X)(p22.2) (n=1), 46,X,del(X)
(q26) (n=1); d)Miscellaneous karyotype includes: 46,X,der(X)del(X)(q13q22)inv(X)(q23q27) (n=1), 46,XX,der(10)t(10;15)(p15;q22.1) (n=1), 46,XX,inv(9)
(qh),del(18)(q12q21) (n=1), 46,XX,fra(16)(q22) (n=1), 47,XX,+mar (n=1).
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found to have chromosomal abnormalities: 46,XY (n = 2), mosaic 
46,XY/46,XX (n = 1), and 46,X,inv(Y) (qh) (n = 2). The presence of tes-
tes in females with a Y chromosome complement confirmed a diag-
nosis of androgen insensitivity syndrome. 

3. Endocrinology findings 
The mean serum levels of FSH (n = 174), LH (n = 152), TSH (n = 92), 

and prolactin (n = 100) were analyzed and compared with cytoge-
netic findings (Table 5). The mean values for each hormone were cat-
egorized as normal, high, or low. The serum FSH levels of 174 females 
with PA were analyzed, revealing that 43.1% (n = 75) had high FSH 
levels, 40.8% (n = 71) were within the normal range, and 16.1% 
(n = 28) had low FSH levels. Serum LH levels were examined in 152 
females. Of these, 51.3% (n = 78) had normal LH levels, 36.1% 
(n = 55) had high LH levels, and 12.5% (n = 19) exhibited low LH lev-
els. TSH levels were assessed in 92 females. The results showed that 
15.2% (n = 14) fell within the normal range, 67.4% (n = 62) had high 
levels, and 17.4% (n = 16) had low TSH levels. Serum prolactin levels 
were measured in 100 females, revealing that 85% (n = 85) had nor-
mal levels, 8% (n = 8) had high levels, and 7% (n = 7) had low prolac-
tin levels. 

Discussion 

Several etiological factors such as anatomical defects, hormonal 
imbalances, genetic elements, and environmental influences are 
known to cause PA. The most helpful classification for identifying the 
causes of PA is based on the presence or absence of SSCs and inter-
nal female genitalia. Genetic factors, which could include single gene 
disorders and chromosomal abnormalities, significantly contribute 
to the etiology of PA. The assessment of chromosomal abnormalities 
is often considered by clinicians for an accurate diagnosis of PA. 
Therefore, evaluating these abnormalities and providing genetic 
counseling for females is crucial for managing amenorrhea. The fre-
quency of chromosomal abnormalities reported in previous studies 
ranges from 14% to 42% (Table 6) [1,2,4,5,8-18]. 

In our study, we categorized chromosomal abnormalities in PA as 

either X numerical, X structural, the presence of Y chromosome com-
plement, or normal variants. The structural abnormalities of the X 
chromosome observed included deletions, inversions, isochromo-
somes, and derivatives of the X chromosome. We also observed oth-
er abnormalities such as mosaicism, marker chromosomes, and nor-
mal variants. Interestingly, the frequency of structural abnormalities 
was higher than that of numerical abnormalities, a finding that con-
trasts with the study by Korgaonkar et al. [8]. This discrepancy might 
be attributable to differences in selection size, presentation timing, 
or geographical region. 

1. Cytogenetic evaluation 
In our study, the majority of females displayed a normal female 

karyotype, confirming diagnoses of either pure gonadal dysgenesis 
or MRKH syndrome [19]. We observed that these females developed 
SSCs and had normal gonadotropin levels. The frequency of normal 
karyotypes in our study falls within the previously reported range 
(65% to 85%) for the Indian population [1,2,8-16]. 

Monosomy of the X chromosome is a typical karyotype of TS, 
where affected females commonly display clinical features such as a 
webbed neck, short stature, cubitus valgus, and infantilism [20]. This 
condition arises due to non-disjunction events that occur during 
meiosis or mitosis, which are believed to cause either pure or mosaic 
TS [21]. In our study, we observed complete monosomy of the X 
chromosome in 4.25% (n = 20) of females and X chromosome mosa-
icism in 3.4% (n = 16) of females. These results align well with previ-
ous studies that identified TS as a major cause of PA [1,8,13,16,17,21]. 
These findings further underscore the importance of the genes on 
the X chromosome for normal female physiology and reproduc-
tion [16]. 

An isochromosome involving the long arm of the X chromosome, 
a variant of TS, was detected in 1.3% (n = 6) of females. The presence 
of this isochromosome aligns with the explanation that isochromo-
somes appear to be metacentric with identical arms, leading to par-
tial deletion of Xp genes and partial trisomy of Xq genes. This imbal-
ance can cause partial or complete ovarian failure [1]. Another vari-
ant of TS that we observed involves a deletion in the long arm of the 

Table 4. Radiological findings of testes and penis development in different cytogenetic categories 

Cytogenetic findings
Testes (n = 16) Penis (n = 16)

Present Absent Present/Small Absent Hypospadias
46,XX (n = 9) 6 3 4 - 5
45,X (n = 1) - 1 - - 1
46,XY (n = 3) 2 1 2 1 -
mos 46,XY/46,XX (n = 1) 1 - 1 - -
46,X,inv(Y)(qh) (n = 2) 2 - 2 - -
Total (n = 16) 11 5 9 1 6

www.eCERM.org 195

D Chandel et al. Clinical cytogenetic correlations in females with primary amenorrhea



Ta
bl

e 
5.

 C
lin

ica
l p

ro
fil

es
 in

 p
at

ie
nt

s w
ith

 d
iff

er
en

t c
yt

og
en

et
ic 

fin
di

ng
s 

Cy
to

ge
ne

tic
  

fin
di

ng
s

FS
H 

(µ
IU

/m
L)

 (n
=

17
4)

LH
 (µ

IU
/m

L)
 (n

=
15

2)
TS

H 
(µ

IU
/m

L)
 (n

=
92

)
Pr

ol
ac

tin
 (n

g/
m

L)
 (n

=
10

0)
Lo

w
 (n

=
28

)
No

rm
al

 (n
=

71
)

Hi
gh

 (n
=

75
)

Lo
w

 (n
=

19
)

No
rm

al
 (n

=
78

)
Hi

gh
 (n

=
55

)
Lo

w
 (n

=
16

)
No

rm
al

 (n
=

14
)

Hi
gh

 (n
=

62
)

Lo
w

 (n
=

7)
No

rm
al

 (n
=

85
)

Hi
gh

 (n
=

8)
46

,X
X

0.
8±

0.
5

7.
1±

5
11

2.
8±

85
0.

1±
0.

1
5.

8±
4.

5
99

±
19

4.
5

0.
05

±
0.

1
2.

2±
1

35
.1

±
 4

8
2.

8±
0.

9
13

.5
±

6.
9

29
9.

8±
50

8.
8

46
,X

Y
0.

2e)
7.

1±
4.

6
58

.9
±

14
.4

0.
1e)

5.
3±

0.
4

50
.3

±
42

.2
-

2.
8±

1.
6

9.
9e)

-
13

.8
±

7.
5

-
X 

nu
m

er
ica

la)
-

8.
9e)

10
8.

4±
47

.6
-

11
.5

±
5.

9
57

.9
±

56
.2

0.
14

e)
2.

5±
1.

5
21

.9
e)

-
12

.3
±

2.
3

90
e)

X 
st

ru
ct

ur
al

b)
-

-
71

±
29

.8
-

12
.6

±
5.

2
55

.3
±

39
.2

0.
1e)

2.
4±

0.
2

12
.6

±
 1

0.
7

3.
2e)

15
.0

4±
8.

2
35

e)

No
rm

al
 va

ria
nt

sc)
-

4.
4±

2.
2

72
.4

e)
-

3.
8±

0.
3

-
-

2.
3±

1.
7

-
-

6.
4e)

-
M

isc
el

la
ne

ou
sd)

-
24

e)
-

-
18

e)
-

-
-

-
10

e)
-

To
ta

l
28

 (1
6.

1)
71

 (4
0.

8)
75

 (4
3.

1%
)

19
 (1

2.
5)

78
 (5

1.
3)

55
 (3

6.
1)

16
 (1

7.
4)

14
 (1

5.
2)

62
 (6

7.
4)

7 
(7

)
85

 (8
5)

8 
(8

)

Va
lu

es
 a

re
 p

re
se

nt
ed

 a
s m

ea
n±

st
an

da
rd

 d
ev

ia
tio

n 
or

 n
um

be
r (

%
).

FS
H,

 fo
lli

cle
-s

tim
ul

at
in

g 
ho

rm
on

e;
 LH

, lu
te

in
izi

ng
 h

or
m

on
e;

 TS
H,

 th
yr

oi
d-

st
im

ul
at

in
g 

ho
rm

on
e.

a)
Nu

m
er

ic
al

 m
os

ai
ci

sm
 in

cl
ud

es
: m

os
 4

5,
X[

60
]/4

7,
XX

X[
11

]/4
6,

XX
[2

9]
 (n

=4
), 

m
os

 4
5,

X[
53

]/4
6,

XX
[4

7]
 (n

=2
), 

m
os

 4
5,

X[
81

]/4
6,

XY
[1

9]
 (n

=1
), 

m
os

 4
5,

X[
64

]/4
7,

XX
Y[

36
] (

n=
1)

, m
os

 4
6,

XY
[9

0]
/4

6,
XX

[1
0]

 
(n

=1
); 

b)
St

ru
ct

ur
al

 m
os

ai
ci

sm
 in

cl
ud

es
: m

os
 4

5,
X[

91
]/4

6,
X,

+m
ar

[9
] (

n=
2)

, m
os

 4
5,

X[
71

]/4
6,

X,
+m

ar
[5

]/4
7,

XX
,+

m
ar

[4
]/4

6,
XX

[2
0]

 (n
=1

), 
m

os
 4

5,
X[

85
]/4

6,
X,

i(X
)(q

10
)[1

5]
 (n

=3
), 

m
os

 4
5,

X[
62

]/4
6,

X,
de

r(X
)

t(X
;X

)(p
22

;p
22

.3
)[3

8]
 (n

=1
), 

m
os

 4
5,

X[
78

]/4
6,

X,
i(X

)(q
10

)[1
2]

/4
6,

X,
de

l(X
)(q

10
)[8

]/4
7,

X,
i(X

)(q
10

),+
m

ar
[2

] (
n=

1)
; c)

De
le

tio
n 

in
 th

e 
X 

ch
ro

m
os

om
e 

in
clu

de
s: 

46
,X

,d
el

(X
)(q

13
) (

n=
2)

, 4
6,

X,
de

l(X
)(p

22
.2

) (
n=

1)
, 

46
,X

,d
el

(X
)(q

26
) (

n=
1)

; d)
M

isc
el

la
ne

ou
s k

ar
yo

ty
pe

 in
clu

de
s: 

46
,X

,d
er

(X
)d

el
(X

)(q
13

q2
2)

in
v(

X)
(q

23
q2

7)
 (n

=1
), 

46
,X

X,
de

r(1
0)

t(1
0;

15
)(p

15
;q

22
.1

) (
n=

1)
, 4

6,
XX

,in
v(

9)
(q

h)
,d

el
(1

8)
(q

12
q2

1)
 (n

=1
), 

46
,X

X,
fra

(1
6)

(q
22

) (
n=

1)
, 4

7,
XX

,+
m

ar
 (n

=1
); 

e)
n=

1 
m

ea
n 

va
lu

es
 ca

nn
ot

 b
e 

ca
lcu

la
te

d.

chromosome, specifically in the Xq13-26 region, which results in pre-
mature ovarian failure (POF). Studies have suggested that the genes 
POF1 (localized to Xq21.2-q27 or within Xq26.1-q27) and POF2 (lo-
calized to Xq13-q21.1) are responsible for ovarian dysgenesis [2,17]. 
In this study, 1.06% of females (n = 5, of whom one female showed 
structural mosaicism, three females showed structural deletion, and 
one female displayed a derivative of the X chromosome) had a dele-
tion at Xq10-26, a finding consistent with the regions associated with 
the suggested POF genes. 

A significant percentage of patients with PA showed the presence 
of a Y chromosome, which could be attributed to sex reversal or an-
drogen insensitivity. We observed that females with testicular femi-
nization did not exhibit development of the Müllerian duct and 
might possess functioning male gonads. Therefore, the presence of 
testes increases the risk of malignancy and necessitates surgical re-
moval [3]. Further support for this comes from the study by Ghosh et 
al. [12], which suggested that the sex determining region Y (SRY) 
gene on the Y chromosome initiates the differentiation of bi-poten-
tial gonads into testes. However, in the absence or reduced expres-
sion of the SRY gene, these bi-potential gonads differentiate into in-
appropriate female gonads. This finding underscores the importance 
of early diagnosis for the proper management of the condition. 

Translocation (10;15)(p15;q22.1) was another unique chromo-
some alteration observed in one of the females in the present study. 
This suggests that a deletion in the aldo-keto reductase family 1 
member C1 (AKR1C1) gene, located on 10p15-14, may be responsi-
ble for POF, although the exact cause remains uncertain. Another 
gene, cytoplasmic polyadenylation element-binding protein 1 
(CPEB1), situated on 15q25.1, regulates the proteins involved in 
forming the synaptonemal complex during oocyte maturation. It 
also regulates mitotic cell progression in the S and M phases, which 
is crucial for embryonic cell division. Haploinsufficiency of the CPEB1 
gene can lead to early germ cell loss during a woman's reproductive 
years, a condition that was reported in only one female who present-
ed with POF and showed a microdeletion in 15q25.1 [22]. The trans-
location between 10p15 and 15q22.1 provides clear evidence that 
the AKR1C1 and CPEB1 genes play a significant role in the develop-
ment of PA. To our knowledge, the translocation (10;15)(p15;q22.1) 
has not been documented in any previous studies on PA. 

Fragile sites are regions of chromatin that fail to compact during 
mitosis. The fragile site FRA16B, presented in our study, has been as-
sociated with reproductive disorders, including recurrent pregnancy 
loss, spontaneous premature delivery, menarche and menopause 
complications, ovulatory dysfunction, endometriosis, and in some 
cases, ovarian, breast, and uterine cancers [23]. To date, only two 
studies have reported the presence of fragile sites in females with PA 
and secondary amenorrhea, suggesting that fra(16)(q22) may be re-
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sponsible for PA [15,23]. 
We also observed a significant percentage of normal variants 

(1.9%) in female participants, challenging the hypothesis that nor-
mal variants have no significant effect on the phenotype of PA [15]. 
Earlier studies have reported the presence of normal variants at simi-
lar percentages, offering an opportunity to further investigate the 
role of these variants in the occurrence of PA [8]. 

2. Secondary sexual characteristics and ultrasonography 
evaluation 

Utilizing imaging studies to assess the Müllerian duct provides 
multiplanar, sensitive, and specific images, which have proven to be 
reliable predictors for evaluating Müllerian abnormalities [19,24]. The 
absence of a uterus and ovaries is typically regarded as one of the 
clinical features of PA [3]. Our study found that 26.6% (n = 76) of par-
ticipants lacked a uterus and 51.22% (n = 146) had a hypoplastic 
uterus, indicating significant anatomical abnormalities. These find-
ings aligned with those reported in earlier studies [8,21]. Another 
notable observation from our study was the presence of testes in fe-
males with a Y chromosome complement. This strongly suggests 
that testicular feminization had occurred due to the secretion of 
Müllerian inhibitory factors, leading to the regression of internal 
Müllerian structures and resulting in cryptorchid testicular tissue 
without androgenization [25]. Therefore, the surgical removal of the 
testes is recommended immediately upon detection to prevent fu-
ture malignancies. 

Examining the development of SSCs is another crucial aspect of 
assessing PA. Breast development is a marker for normal estrogen 
production [26]. We attempted to correlate the development of SSCs 

with PA and found that 36.7% (n = 57) of the females displayed nor-
mal breast development. This suggests that PA in these females 
might be due to androgen resistance or the congenital absence of 
the uterus [3], indicating MRKH syndrome. These findings were more 
frequent than those reported in previous studies [8,21]. The absence 
of SSCs is also an important marker for investigating PA. Lobo [3] 
classified the etiology of PA with absent SSCs as being due to gonad-
al failure, hypothalamic failure, or pituitary failure. Our study found 
that 63.2% (n = 98) of females exhibited underdeveloped or absent 
SSCs, thus indicating ovarian failure before the onset of puberty or 
gonadal dysgenesis [27]. These findings align with the classification 
provided for the initial examination of PA [3]. 

3. Endocrinological evaluation 
Assessing serum gonadotropins alongside USG imaging forms the 

primary diagnostic process for evaluating PA. In the absence of SSCs, 
it is advisable to examine the serum levels of FSH, LH, TSH, and pro-
lactin. Elevated levels of FSH and LH suggest hypergonadotropic hy-
pogonadism, and karyotype analysis typically reveals either 45,X cell 
lines (indicative of TS) with or without mosaicism, pure 46,XY cell 
lines (indicative of Swyer syndrome), or 46,XX (indicative of POF) [27]. 
Studies were conducted to understand the role of gonadotropins in 
PA and found that all females with PA showed an increase in mean 
levels of FSH and LH, likely due to an insufficient sample size and es-
timation of only a single gonadotropin [1,8]. In our study, we ob-
served that 43.1% (n = 75) of females had elevated serum FSH and 
36.1% (n = 55) had elevated serum LH. This suggests that increased 
gonadotropin activity causes hypergonadotropic hypogonadism, an 
important risk factor for developing PA. Studies indicate that hyper-

Table 6. Comparison of previous cytogenetic studies with the present study 

Study Population studied Year No. of PA cases No. of normal karyotype (%) No. of abnormal karyotype (%)
Ganguly et al. [11] India 2003 280 200 (71) 80 (29)
Wong et al. [17] Hongkong 2005 237 179 (75.5) 58 (24.5)
Rajangam et al. [15] India 2007 620 458 (73.8) 162 (26.1)
Cortes-Gutierrez et al. [5] Mexico 2007 187 109 (58.2) 78 (41.7)
Vijayalakshmi et al. [16] India 2010 140 101 (72.2) 39 (27.8)
Ayatollahi et al. [18] Iran 2010 220 176 (80) 44 (20)
Kalavathi et al. [13] India 2010 852 632 (74.1) 220 (25.8)
Charania et al. [10] India 2010 74 61 (82.4) 13 (17.5)
Merin et al. [14] India 2012 246 210 (85.3) 36 (14.6)
Tanmahasamut et al. [4] Thailand 2012 295 236 (80) 59 (20)
Dutta et al. [2] India 2013 637 505 (79.2) 132 (20.7)
Amin et al. [9] India 2014 98 78 (79.5) 20 (20.5)
Malla et al. [1] India 2016 108 70 (64.8) 38 (35.1)
Ghosh et al. [12] India 2018 150 114 (76.1) 36 (23.9)
Korgaonkar et al. [8] India 2018 490 369 (75.3) 121 (24.7)
Present study India 2019 470 393 (83.6) 77 (16.3)

 PA, primary amenorrhea.
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gonadotropic hypogonadism primarily occurs due to mutations in 
genes coding for gonadotropin receptors located in female ovaries 
[25,27-31]. We also observed normal or low levels of gonadotropins, 
indicating hypogonadotropic hypogonadism, which suggests hypo-
thalamic or pituitary dysfunction. This finding challenges the 
two-gonadotropin two-cell hypothesis, which posits that LH stimu-
lates ovarian thecal cells to produce androgens, which act as precur-
sors for estrogens in granulosa cells, where FSH induces aromatiza-
tion to estrogens [28]. 

The study by Fazeli and Nachtigall [32] suggested that high serum 
TSH (hypothyroidism) is a risk factor for PA in females as it can lead to 
pituitary gland enlargement, thus causing hyperprolactinemia, in-
cluding amenorrhea. It is known that up to 30% of amenorrheic fe-
males may have pre-existing or will develop hypothyroidism, which 
could also be a possible cause of POF due to polyglandular autoim-
mune syndromes. However, it's challenging to detect due to the 
poor sensitivity of current assays [33]. We sought to investigate the 
association of hypothyroidism with PA and found that 67.4% (n = 62) 
of females presented with hypothyroidism. This contrasts with the 
findings of Kallepalli and Kallepalli [34], where none of the 58 fe-
males showed hypothyroidism. This evidence suggests that TSH 
plays a significant role in developing PA, leading to the hypothesis 
that high levels of TSH could increase susceptibility to PA. 

Research has shown that high serum prolactin can disrupt the 
normal secretion of gonadotrophin-releasing hormone and subse-
quently decrease estrogen levels, thereby leading to amenorrhea. In 
our study, we explored the potential association of serum prolactin 
(prolactin) levels with PA. It has been suggested that up to 60% of 
cases with high prolactin levels, often due to pituitary tumors, can be 
detected by magnetic resonance imaging, with dopamine agonists 
preferred for treatment [35]. However, in our study, only 8% (n = 8) of 
the females exhibited high prolactin levels. Out of these, six females 
had a 46,XX karyotype, which clearly signifies hyperprolactinemia. 
This supports the aforementioned observation that high levels of se-
rum prolactin are the most common pituitary cause of amenorrhea 
[36]. 

In conclusion, cytogenetic evaluation serves as the cornerstone for 
identifying the etiology, with the inclusion of other genetic aspects. 
The discovery of novel karyotypes could open doors to understand-
ing the mechanisms involved. Correlating cytogenetic findings with 
clinical aspects can aid clinicians in pinpointing the exact cause of 
this condition, whether it be POF, hypothyroidism, or hyperprolactin-
emia. Genetic counseling, coupled with various management tools, 
can provide a comprehensive understanding and psychological sup-
port to alleviate the burden on the individual and her family. 
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