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Background: Polycystic ovary syndrome (PCOS) presents a complex diagnostic
challenge due to its heterogeneous nature. Aim: This study aimed to examine
the diagnostic utility of various hormones across different PCOS phenotypes.
Settings and Design: This cross-sectional study was carried out in 187 newly
diagnosed PCOS women (18-40 years) attending the outdoor clinics of the
department of endocrinology and obstetrics and gynaecology of a tertiary care
centre in India. Materials and Methods: One hundred and eighty-seven PCOS
women based on revised Rotterdam 2003 criteria were recruited. Ninety-four
age-matched healthy females were taken as controls. All PCOS women were
categorised into four phenotypes (A, B, C and D) based on the National
Institute of Health (2012) criteria. Detailed clinical examination and hormonal
investigations including testosterone, androstenedione, dehydroepiandrosterone
sulphate (DHEAS) and anti-Miillerian hormone (AMH) were performed.
Statistical Analysis Used: The receiver operating characteristic curve (ROC)
was generated to find the diagnostic utility of various hormones by using
SPSS version 26.0 software. Results: The Ilargest PCOS group was
phenotype A (33.15%, n = 61) followed by phenotype B (28.6%, n = 52),
phenotype D (23.9%, n = 44) and phenotype C (16.3%, n = 30). In ROC
analysis, AMH and testosterone (except phenotype D) were good diagnostic
parameters for PCOS. AMH cutoffs varied from 4.4 to 5.6 ng/mL with
sensitivities and specificities ranging from 86% to 97% and 85% to 100%,
respectively, across all PCOS phenotypes. In the entire PCOS cohort, AMH
at an optimal cutoff of 5.28 ng/mL had sensitivity and specificity of 87% and
97%, respectively, for the diagnosis of PCOS. Optimal testosterone cutoffs
were 29.3, 25.1 and 23.1 ng/dL for phenotypes A, B and C, respectively,
with reasonable sensitivities and specificities but not in phenotype D.
Luteinising hormone (LH), follicle-stimulating hormone (FSH), LH/FSH
ratio, androstenedione and DHEAS had low-to-moderate sensitivity across all
phenotypes. Conclusion: AMH is a useful hormonal diagnostic marker for
PCOS across all phenotypes.
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INTRODUCTION

?olycystic ovary syndrome (PCOS) is the most
common endocrine disease affecting women
of reproductive age group with a prevalence of
5%—18%." The exact pathogenesis of PCOS remains
unclear, although insulin resistance and hyperandrogenism
(HA) have been identified in approximately 50-80%
and 40-80% of PCOS cases, respectively.”) However,
the pathophysiology in the rest of the individuals is still
unknown. Among various diagnostic criteria proposed by
the Androgen Excess Society and the National Institute
of Health (NIH), the Rotterdam (2003) criterial®! is
the most commonly used for the diagnosis of PCOS.
According to the Rotterdam criteria, any two of the three
features such as oligo-anovulation, HA and/or polycystic
ovarian morphology (PCOM) are required for diagnosis
after exclusion of other causes of HA and ovulatory
dysfunction (OD). Certain demerits of Rotterdam criteria
include menstrual irregularity is common in the initial
3 years of menarche making it an unreliable marker.
Moreover, some women may have regular menstrual
cycles in spite of having anovulation. PCOM criteria on
ultrasound (USG) is also controversial in adolescent girls.
Further, the route of USG and interindividual operability
impacts the accuracy of the scan as transvaginal USG is
not possible among adolescent girls. Endocrine Society
advises Liquid chromatography—mass spectrometry (LC—
MS) based assay for estimation of testosterone which
is not readily available. Hence, there is a need to find a
better marker for the diagnosis of PCOS. In the last few
years, anti-Miillerian hormone (AMH) has gained interest
as a predictor of PCOM.! AMH is secreted from the
antral follicles in the early follicular phase and has been
found to be increased in PCOS women."! Previous studies
showed an AMH cutoff level of 3.9 ng/mL was optimal
for the diagnosis of PCOSP! but other studies were
not concordant.”¥ Androgenic markers such as serum
testosterone, androstenedione, dehydroepiandrosterone
sulphate (DHEAS) and free androgen index (FAI) have
been studied in PCOS, with variable results.”

NIH in 2012 further sub-classified PCOS into four
phenotypes (A, B, C and D) based on the combinations
of HA, OD and PCOM."Y However, it remained unclear
whether the same diagnostic criteria can be applied across
all the PCOS phenotypes. The absence of a universal
marker for diagnosing PCOS phenotypes adds to the
confusion. There is also heterogeneity in AMH levels in
different PCOS phenotypes with higher levels observed
in phenotypes A and D.!'l Hence, this comprehensive
study was undertaken with the aim to characterise the
diagnostic performance of various markers, such as
luteinising hormone (LH), follicle-stimulating hormone
(FSH), LH/FSH ratio, AMH, testosterone, DHEAS,

androstenedione and FAI in the NIH proposed PCOS
phenotypes. To the best of our knowledge, there is no
previous study which has comprehensively assessed all
the above markers in different PCOS phenotypes.

MATERIALS AND METHODS

This cross-sectional study was carried out in 187 PCOS
women of age group 18—40 years, attending the outdoor
clinics of the department of endocrinology and obstetrics
and gynaecology of a tertiary care centre from July 2021
to January 2023. Written informed consent was obtained
from all participants and the study was conducted in
accordance with the Declaration of Helsinki (2013).
The study was approved by the Institutional Ethics
Committee (No: 869/20.07.2021, M. K. C. G Medical
College, Berhampur).

Newly diagnosed PCOS women meeting the revised
Rotterdam 2003  criterial®?  were recruited. HA
was defined by modified Ferriman—Gallway score
(mFG score) >8 and hyperandrogenemia was defined
as serum total testosterone >60 ng/dL."71 Exclusion
criteria encompassed other causes of HA such as
non-classical congenital adrenal hyperplasia, Cushing’s
syndrome, hypothyroidism, hyperprolactinemia and
androgen-secreting tumours. Drugs affecting glucose/
lipid/androgen metabolism and insulin sensitivity
such as glucocorticoids, oral contraceptive pills and
antiandrogens within the past 3 months were excluded
from the study. Two clinicians were involved in the
diagnosis of PCOS cases, and this was confirmed by the
corresponding author when there was any confusion in
diagnosis.

Ninety-four age-matched healthy females with regular
menstrual cycles without any features of HA were
taken as controls. Both PCOS cases and controls
were drawn from the same ethnicity. Comprehensive
assessments, including anthropometric measures such
as height, weight, body mass index (BMI) (kg/m?),
waist circumference, hip circumference, waist-to-hip
ratio (WHR) as well as blood pressure, presence of
acanthosis nigricans, hirsutism evaluation by modified
Ferriman—Gallway score, were conducted following
standard procedures. All PCOS cases were categorised
into four phenotypes as per NIH in 2012 criterial'’®! based
on combinations of HA, OD and PCOM: Phenotype A
(HA + OD + PCOM), Phenotype B (HA + OD),
Phenotype C (HA + PCOM) and Phenotype D
(OD + PCOM).

A fasting morning blood sample was collected from
all participants for estimation of various biochemical
and hormonal parameters. Biochemical investigations
included fasting plasma glucose (FPQG), glycated
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haemoglobin (HbAlc), serum insulin and serum
lipids such as total cholesterol (TC), triglyceride
(TG), low-density lipoprotein (LDL) and high-density
lipoprotein (HDL). The hormonal investigations include
thyroid-stimulating hormone (TSH), prolactin (PRL),
LH, FSH, testosterone, sex hormone binding globulin
(SHBG), DHEAS, androstenedione and AMH. Two-hour
post-glucose plasma glucose (2 h PGPG) was estimated
in all subjects by doing an oral glucose tolerance test with
75 g of anhydrous glucose. Frankly, diabetic cases were
excluded from the study. Hormonal evaluation was done
on days 3-5 of the spontaneous or progesterone-induced
menstrual bleeding in all participants.

Plasma glucose and serum lipids were measured
by using the biochemistry autoanalyser Autopak
300 APK (Siemens). A high-performance liquid
chromatography method was used for estimation of
HbA1C. Measurement of serum insulin, TSH, PRL,
LH, FSH, testosterone, DHEAS and SHBG were
done by chemiluminescence (CLIA) method in Advia
Centaur CP machine (Siemens). AMH was measured
in Snibe MAGLUMI 800 fully automated analyser by
CLIA method. Androstenedione level was assessed by
using enzyme-linked immunosorbent assay (ELISA)
kit (Diametra) and analysed by using ELISA reader
(Varioskan Lux thermo scientific reader) at 450 nm.

Homoeostatic =~ model assessment  of  insulin
resistance (HOMA-IR) was calculated by using the
formula: fasting insulin (uIp/mL) x FPG (mg/dL)/405.
FAI was calculated by total testosterone/SHBG X100
(both in nmol/L).

Transabdominal USG was done during days 3-5 of the
spontaneous or progesterone-induced menstrual bleeding
by a single radiologist using the machine (GE LOGOQ
F8 Expert) with curvilinear 6MHz probe. PCOM was
diagnosed by the presence of 12 or more follicles of
size 2-9 mm and/or ovarian volume >10 mL -either
unilaterally or bilaterally.?!

Statistical analysis

The sample size for the present study was calculated by
using OpenEpi software (Dean AG, Sullivan KM, Sir
MM. OpenEpi: Open sources Epidemiologic Statistics
for Public Health, Version 3.01) based on a previous
study by Jena et al.'"® on PCOS. The minimum number
of subjects required for the study was found to be 28
each for case and control to achieve a power of 90%
and alpha value of 5%. Hence, we had planned the study
to recruit at least 30 subjects from each phenotype and
control.

Normality  distribution was checked by using
Kolmogorov—Smirnov test. Data (parametric) were

expressed as mean =+ standard deviation, whereas
data (nonparametric) were expressed as median
(P25-P75). Comparison between two groups was
done by non-parametric test (Mann—Whitney U-test
test) and parametric test (Student’s z-test) whereas for
more than two groups comparison non-parametric test
(ANOVA test) and parametric test (Kruskal-Wallis test)
were used. The receiver operating characteristic curve
(ROC) was generated to find the diagnostic utility of
various parameters. P < 0.05 was considered statistically
significant. Statistical analysis was performed by using
SPSS version 26.0 software (IBM Corp, Armonk, NY).

RESuULTS

In the current study of 187 women with PCOS,
phenotype A constituted the largest group (33.15%,
n = 61) followed by phenotype B (28.6%, n = 52),
phenotype D (23.9%, n = 44) and phenotype C (16.3%,
n = 30).

There was no significant difference in the mean age of
all PCOS phenotypes compared to controls (P = 0.541).
All PCOS phenotypes had significantly higher BMI,
glycaemic profile (FPG, 2 h PGPG and HbAI1C), lipid
parameters (TC, TG and LDL), HOMA-IR, LH and AMH
when compared to the healthy controls [Table 1]. WHR
was significantly higher in phenotypes A and B whereas
systolic blood pressure was significantly higher in
phenotypes A, B and C than that of controls. HOMA-IR
was 4-6 times higher in cases (highest in phenotype A
followed by phenotype C, B and D) compared to
controls. There was no statistically significant difference
with respect to BMI, WHR, blood pressure, lipid
parameters (TC, TG, HDL and LDL), glycaemic status
(2 h PGPG and HbA1C), fasting insulin, FSH, DHEAS,
androstenedione and PRL levels across different PCOS
phenotypes [Table 1].

Phenotype A, which is a full-blown PCOS, had a
significantly higher LH/FSH ratio compared to all other
phenotypes. It had significantly higher levels of FPG,
LH, testosterone and FAI than that of phenotypes C and
D and had significantly higher levels of HOMA IR and
AMH than that of phenotype D [Table 1]. No difference
was found between phenotypes A and B except for LH/
FSH ratio. Phenotype B had significantly higher levels
of FPG, testosterone and FAI than that of phenotypes C
and D whereas it had significantly higher levels of LH
and AMH in comparison to phenotype D. Phenotype C
had significantly higher levels of testosterone compared
to phenotype D only.

Phenotype D was distinct in having significantly lower
levels of testosterone than that of all other phenotypes. It
had significantly lower levels of FPG, LH, FAI and AMH
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Table 1: Comparison of baseline parameters across polycystic ovary syndrome phenotypes and controls

Parameters Controls Phenotype A (n=61) Phenotype B Phenotype C (n=30) Phenotype D (n=44) P
(n=94) (HA + OD + PCOM) (n=52) (HA + OD) (HA + PCOM) (OD + PCOM)

Age (years) 23.7+4.1 24.8+4.3 23.6+4.3 24.3+4 4 24.3+4.9 0.514
Weight (kg) 58.0+8.9 64.2+10.8 63.3+10.8 62.249.1 62.7+11.0 0.003
BMI (kg/m?) 23.143 26.0+3.5 25.9+3.7 25.442.2 25.2+3.4 0.000
WHR 0.8+0.07 0.9+0.1 0.8+0.1 0.8+0.1 0.8+0.1 0.000
SBP (mmHg) 114.0+5.82 118.9+10.2 118.449.3 119.8+£10.6 117.0+10.3 0.002
DBP (mmHg) 75.0+5.38 76.4+7.4 75.2+6.7 76.1+6.3 76.2+6.8 0.648
FPG (mg/dL) 78.9+£5.5 91.2+7.2 91.3+8.2 87.0+7.3%¢ 85.8+6.4%¢ 0.000
2HPGPG (mg/dL) 107.1£18.3 128.6+12.6 123.4+11.5 121.4+11.3 120.5+11.4 0.000
HbAlc (%) 5.3+0.2 5.6+0.3 5.5+0.3 5.5+0.3 5.5+0.2 0.000
Fasting insulin (mIU/L) 2.4+1.9 13.6+12.0 10.9+6.8 13.5+8.1 9.7+6.4 0.000
HOMA IR 0.5+0.38 3.1£2.5 2.5+1.6 2.9+1.7 2.1£1.4¥ 0.000
TC (mg/dL) 132.6+24.01 188.3+£32.6 191.7+40.0 179.0+41.4 172.2+34.4 0.000
TG (mg/dL) 114.6+£22.6 154.8+59.1 187.1+89.4 173.1£97.6 161.6+93.5 0.000
HDL (mg/dL) 48.2+6.8 47.14£9.7 45.6+9.9 46.5+10.6 44.6+8.0 0.272
LDL (mg/dL) 61.5+21.8 110.3£33.0 108.7+36.5 97.8434.9 95.3+29.2 0.000
TSH (mIU/L) 2.0+0.7 2.0+0.8 2.3+0.9 2.0+0.7 2.0+0.7 0.124
PRL (ng/mL) 10.4+3.5 15.3+23.1 12.1+7.2 12.7+8.1 11.9+6.9 0.172
LH (IU/L) 6.1+4.3 13.747.1 12.9+8.6 9.6+4 4" 9.1£5.2%¢ 0.000
FSH (IU/L) 4.6+2.07 5.0£3.0 6.1+4.6 5.0+£2.2 6.4+5.0 0.026
LH _FSH 1.4+0.97 4.2+4.1 2.742.2¥ 2.0+0.9¥ 2.0£1.5% 0.000
Testosterone (ng/dL) 14.745.1 57.1421.2 52.5€16.7 29.4+7.6%F 15.5£4. 7463 0.000
SHBG 52.7£15 55.1423.3 50.8+23 .4 47.5+21.3 40.2+25.9¥ 0.005
FAI 1.1+0.5 4.443.1 4.6+3.1 2.7+1.8%°¢ 2.34£2.2%¢ 0.000
DHEAS 175.1+£70.9 208.6+71.0 219.8+£109.2 208.7+69.3 193.3+93.0 0.016
Androstenedione (ng/mL) 2.8+1.2 4.5+2.2 4.442.0 4.7+2.5 4.3+2.0 0.000
AMH (ng/mL) 3.8+0.7 8.7+2.8 8.9+2.4 7.942.0 7.14£2.2%¢ 0.000

Statistically significant difference when compared to phenotype A=¥, phenotype B=€, phenotype C=$. Data expressed in mean+SD,

Bold: Statistically significant difference when compared to controls. BMI=Body mass index, WHR=Waist-to-hip ratio, SBP=Systolic blood
pressure, DBP=Diastolic blood pressure, FPG=Fasting plasma glucose, 2HPGPG=2-h postprandial glucose, HOMA IR=Homoeostasis
model assessment of insulin resistance, TC=Total cholesterol, TG=Triglyceride, HDL=High-density lipoprotein, LDL=Low-density
lipoprotein, TSH=Thyroid-stimulating hormone, FSH=Follicle-stimulating hormone, LH=Luteinising hormone, PRL=Prolactin,
SHBG=Sex hormone-binding globulin, DHEAS=Dehydroepiandrosterone sulphate, FAI=Free androgen index, AMH=Anti-Miillerian
hormone, HA=Hyperandrogenism, OD=Ovulatory dysfunction, PCOM=Polycystic ovarian morphology, HbA1c=Glycated haemoglobin,

SD=Standard deviation

compared to phenotypes A and B and had significantly
lower HOMA-IR than that of phenotype A [Table 1].
Hyperandrogenic PCOS group (phenotypes A, B and C)
had significantly higher levels of FPG (P = 0.04), 2 h
PGPG (P = 0.009), LH (P = 0.01), testosterone
(P < 0.001), FAI (P = 0.002), AMH (P = 0.004) and
significantly lower SHBG (P = 0.04) when compared to
normoandrogenic group (phenotype D).

We conducted ROC analysis for the diagnosis of PCOS
across all phenotypes by utilising various hormonal
parameters such as LH, FSH, LH/FSH ratio, AMH,
serum testosterone, androstenedione, FAI and DHEAS.

Among PCOS women with phenotype A, AMH had
highest specificity of 100% and sensitivity of 86% at
an optimal cutoff of 5.6 ng/mL for diagnosis of PCOS
followed by serum testosterone with specificity of 98%
and sensitivity of 88% at a cutoff of 29.3 ng/dL. FAI

had good sensitivity of 98% with moderate specificity
of 80.2% at a cutoff of 1.47. Other markers such as LH,
FSH, LH/FSH ratio, androstenedione and DHEAS had
low-to-moderate sensitivities for the detection of PCOS,
as shown in Table 2 and Figure 1.

A similar trend was observed among PCOS women
with phenotype B. AMH had highest specificity of
96.8% and sensitivity of 96% at an optimal cutoff of
5.2 ng/mL for diagnosis of PCOS followed by serum
testosterone at a cutoff of 25.1 ng/dL had sensitivity
and specificity of 94% and 95.7%, respectively,
whereas FAI at 1.87 cutoff had good sensitivity
and specificity of 98% and 92.6%, respectively.
Other markers such as LH, FSH, LH/FSH ratio,
androstenedione and DHEAS had low-to-moderate
sensitivity for the detection of PCOS, as shown in
Table 2 and Figure 1.
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Table 2: Utility of various hormonal parameters for diagnosis of polycystic ovary syndrome in different phenotypes and whole cohort

Phenotype-C Phenotype-D Whole cohort
Cutoff Sensitivity Specificity Cutoff Sensitivity Specificity Cutoff Sensitivity Specificity Cutoff Sensitivity Specificity Cutoff Sensitivity Specificity

Phenotype-B

Phenotype-A

Parameters

(%)
97.9

(%)
87.2

(%)
85.1

(%)
97.7

(%)

(%)
90
70
30

76.7

(%)
96.8

(%)
94.2

(%)

(%)

5.28
8.67
6.32

4.4
7.92
6.3

100
69.1

5.6
7.2

6.3

52
9.87
6.32

1.5
25.1

100

86
82
31.5

5.6

AMH (ng/mL)
LH (IU/L)

35.11

94.6

74.5

56.8

88.3

65.4

84
82
63.8

87.2

30.5

87.2

36.4

87.2

87.2
67.02

32.7

5.87

FSH (IU/L)

65.83

1.4 75.4

25.1

67
9.6

78.7

59
100
61.4

1.5
7.68
2.1

63.8

1.4
23.1

73.08

1.4 83.6
29.3
Androstenidione (ng/mL) 3.42

LH FSH ratio

Teszosterone (ng/dL)

92.6

78.1

95
89.4

86.7

95.7

94
65.4

98.9

88.5

78.7

66.3

343
1.47
196.78

4.1 63.3

78.7

343
1.87
204.5

71

80.2

72
98.4

87.2

84 86.1
75.5

59

50
Dehydroepiandrosterone sulphate

1.2
167

84
84

90
46.7

1.38

228.49

92.6

98.1

1.47
197.4

Anti-Miillerian hormone, LH

FAI

73.4

55.1

76.6

55.8
Follicle-stimulating hormone, FAI

74.47

59
Luteinising hormone, FSH:

DHEAS (pg/dL)

AMH;

Free androgen index, DHEAS

Among PCOS women with phenotype C, AMH at an
optimal cutoff of 5.6 ng/mL had highest sensitivity and
specificity of 90 and 100%, respectively for diagnosis
of PCOS. Serum testosterone at a cutoff of 23.1 ng/dL
also had good sensitivity and specificity of 86 and 95%,
respectively. Androstenedione at 4.1 ng/mL had lower
sensitivity of 63% and specificity of 89%, respectively,
for diagnosis. Other markers such as LH, FSH, LH/
FSH ratio, FAI and DHEAS had low-to-moderate
sensitivity for detection of PCOS, as shown in Table 2
and Figure 1.

Among PCOS women with phenotype D, serum
AMH at an optimal cutoff of 4.4 ng/mL had highest
sensitivity of 97% and specificity of 85% for
diagnosis of phenotype D. Rest of the parameters had
low-to-moderate sensitivity and specificity, as indicated
in Table 2 and Figure 1.

AMH remained a robust tool for the diagnosis of PCOS
across all phenotypes. When whole PCOS cohort was
taken into consideration, AMH at a cutoff of 5.28 ng/mL
had sensitivity and specificity of 87.2% and 97.9%,
respectively, for diagnosing PCOS women. Testosterone
at a cutoff of 25.1 ng/dL had sensitivity and specificity
of 782% and 92.6%, respectively. Other markers
such as FSH, LH, LH/FSH ratio, androstenedione and
DHEAS had moderate-to-low sensitivity and specificity
for detection of PCOS [Table 2 and Figure 1].

DISCUSSION

In the present study, phenotype A is the most common
followed by B, C and D phenotypes. The PCOS patients
were more insulin resistant, had dysglycaemia and were
likely overweight or obese compared to controls. Among
all the hormones studied AMH and testosterone had best
diagnostic utility for PCOS. AMH cutoffs varied from
4.4 to 5.6 ng/mL across the phenotypes with an optimal
cutoff of 5.28 ng/mL in the entire cohort. Testosterone
is a useful marker for diagnosis of PCOS with cutoffs
varying from 23.1 to 29.3 ng/dL in phenotypes A, B and
C but not in phenotype D.

In the present study of 187 young women with
PCOS, phenotype A was the most common followed
by phenotypes B, D and C aligning with previous
studies.'*!”1  Previous studies reported that the
prevalence of normoandrogenic PCOS varies from 3.6%
to 18%!*!3! but in our study, it was found to be 23.9%.
This study also showed that HA and insulin resistance
were predominant among PCOS phenotypes attributing
to 76.4% and 63%, respectively. This is consistent with
other studies showing insulin resistance and HA varying
from 50% to 80% and 40-80%, respectively.l”)
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Figure 1: Receiver operating characteristic curves of different hormonal parameters for diagnosis of polycystic ovary syndrome in different phenotypes
and whole cohort

All PCOS phenotypes had significantly higher BMI,  These results were in agreement with other studies.!'*!®
insulin resistance (HOMA IR) and metabolic parameters  In contrary to other studies!'“!”! where obesity, insulin
such as FPG, 2-h postprandial glucose, lipids (TC, TG  resistance and metabolic syndrome were more common in
and LDL) and AMH compared to the control group.  phenotype A as compared to other phenotypes, the present

m Journal of Human Reproductive Sciences | Volume 17 | Issue 4 | October-December 2024



Kumar, et al.: Diagnostic utility of hormones in PCOS phenotypes

showed that these metabolic parameters were uniformly
increased across PCOS all phenotypes suggesting a higher
risk of adverse metabolic and cardiovascular outcomes.

The diagnosis of PCOS is mostly based on revised
Rotterdam 2003 criteria. The main pitfalls of Rotterdam
criteria are reliance on subjective interpretations.
Although insulin resistance is central to the pathogenesis
of PCOS, it has not been included as a diagnostic criterion.
Studies trying to find a single marker for detection of
PCOS have not been successful. In the present study,
all the hormones were studied comprehensively for
their diagnostic utility in various PCOS phenotypes.
To the best of our knowledge, this is the first study to
assess all the conventional androgen markers such as
testosterone, androstenedione, FAI, DHEAS and SHBG
besides AMH across different phenotypes. AMH and
testosterone (except phenotype D) had the highest
diagnostic accuracy for PCOS with area under the curve
of 0.98-0.99 and 0.92-0.99, respectively, among all the
studied hormones. AMH has been shown in the present
study to be consistently elevated in all PCOS phenotypes
compared to controls and at a cutoff of 5.28 ng/mL in
the entire cohort had highest sensitivity 87.2% and
specificity 97.9%. Similar to the present study, Mahajan
and Kaur!® reported AMH at a cutoff of 5.03 ng/mL had
a lower sensitivity of 70.6% and specificity of 79.9% for
the diagnosis of PCOS. However, others have reported
lower cutoffs of AMH at 4.1 ng/mL and 3.44 ng/mL by
Halder et all™ and Saxena et al,'* respectively, with
variable sensitivities and specificities. Malhotra et al.*"
reported AMH cutoff of 6.06 ng/mL for diagnosis of
PCOS with high sensitivity of 91.4% and specificity of
90.7% probably due use of ELISA. Among Caucasians
Pigny et al”?® and Tremellen and Zander-Fox**! found
optimal AMH cutoffs of 5.6 ng/mL and 5.07 ng/mL,
respectively, for diagnosis of PCOS, similar to the
present study. However, much higher AMH cutoffs were
reported by several authors from Asia. Song et al*
and Li et al™®! found the AMH cutoffs of 10 ng/mL
and 8 ng/mL for diagnosis of PCOS in Korean and
Chinese women, respectively. The variable cutoffs of
AMH across studies may be related to ethnic diversity,
studied age group and phase of menstrual cycle besides
the assay methods used for estimation of AMH. Very
few studies looked into AMH in phenotype A but none
in all four phenotypes. In phenotype A, Halder et al.["
and Gursu et al.?® found an optimal AMH cutoffs of
5.17 ng/mL and 6.09 ng/mL, respectively, for diagnosis.
AMH is a glycoprotein belonging to the transforming
growth factor-beta superfamily and is produced by the
granulosa cells of the preantral and small antral follicles.
AMH is known for its correlation with ovarian antral
follicle count and has been proposed as a diagnostic

surrogate for PCOM in PCOS."?! The 2023 International
Evidence-based Guidelines for PCOS recommends for
using AMH for defining PCOM in adults with either
irregular menses or HA.®! The present study explored
the utility of AMH across all the PCOS phenotypes
reaffirming its use as an alternative to PCO morphology.

Testosterone and androstenedione were reported to be
useful as the diagnostic markers of hyperandrogenemia
in PCOS previously. Although the gold standard test
for the estimation of testosterone is LC-MS, it is not
available everywhere and is cumbersome. Studies
have shown that testosterone as measured by RIA
extraction method had comparable results with LC—
MS estimation and a lower cutoff of 35 ng/dL had
been proposed for detection of hyperandrogenemia in
hospital-based studies.?” In our study, testosterone at
a cutoff of 25.1 ng/dL had a specificity of 92.6% and
sensitivity of 78.1% for diagnosing PCOS cases using
immunoassay. Similar results were seen in a study
where testosterone cutoff of 30 ng/mL had 80.8%
sensitivity and 81.3% specificity.l'”” This could be
true as high testosterone is rarely observed in Asian
women with PCOS.?¥ Different ethnicities might have
different testosterone cutoffs for diagnosis of PCOS.
Hence, there is a need for ethnicity-specific cutoffs for
diagnosis of hyperandrogenemia in PCOS subjects.
The traditional cutoff for testosterone at 60 ng/dL for
hyperandrogenemia has low sensitivity of 45% with
good specificity of 95%.0"21 This underscores the need
for revising serum testosterone cutoffs in the diagnosis
of PCOS. Across the hyperandrogenic phenotypes,
testosterone showed good sensitivity (86.7%—-94%) and
specificity (95%-98.9%) at cutoffs ranging from 23.1 to
29.3 ng/dL, for diagnosis of PCOS in concordance with
previous studies.['**]

Although some studies reported that androstenedione
may have higher sensitivity compared to testosterone for
detecting hyperandrogenemia;®% the present study is in
contradiction to those studies. Androstenedione at levels
ranging from 3.42 to 4.1 ng/mL had moderate sensitivity
(63.3%—72%) and specificity (71%-89.4%) whereas
FAI ranging from 1.38 to 1.87 showed reasonable
sensitivity (90%—98.4%) and specificity (80.2%-92.6%)
for diagnosis of PCOS across hyperandrogenic
phenotypes. Similar results were shown in previous
studies.’!) Since free testosterone was not estimated
using equilibrium dialysis, it cannot be commented
upon. DHEAS performed poorly for the detection of
PCOS across all phenotypes, as shown in previous
studies.l?23!

The major strength of our study is that we have analysed
the diagnostic utility of all the conventional androgen
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markers as well as AMH across all PCOS phenotypes
in a good number of PCOS women. However, we have
few limitations. In our study, we have not measured free
testosterone for detection of hyperandrogenemia. Besides
the USG was done transabdominally for detection of
PCOM instead of ideal transvaginal route due to lack of
consent from the studied population.

CONCLUSION

In the current study, AMH emerged as a consistent and
may be considered as a useful hormonal diagnostic
marker for PCOS across all phenotypes, exhibiting high
sensitivity and specificity. However, this needs further
validation in larger studies.
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