
Impact of combining antimullerian hormone with sonographic ovarian
volume on the phenotypes of polycystic ovary syndrome

Abstract
Background: Antimullerian hormone (AMH) is a promising marker for polycystic ovarian morphology 
(PCOM). 
Objective: To determine the usefulness of combining the AMH-PCOM criterion with ovarian volume by 
ultrasonography (USG-PCOM) criterion in the diagnosis and phenotype distribution in patients with 
polycystic ovary syndrome (PCOS).
Methods: This cross-sectional observational study included 160 newly detected PCOS patients on the basis 
of modified Rotterdam criteria with the same definitions of hyperandrogenism and oligo/anovulation. For 
PCOM, a combined-PCOM criterion by the presence of either USG-PCOM (OV >10 mL) and/or 
AMH-PCOM (AMH ≥3.5 ng/mL) criteria was taken. AMH was analyzed by an enzyme-linked 
immunosorbent assay. Clinical and biochemical features and luteinizing hormone/follicle-stimulating 
hormone ratio (LFR) were assessed. The association of combined-PCOM criterion with these features and 
phenotypes of PCOS were analyzed.
Results: USG-PCOM outperformed AMH-PCOM by missing less PCOM (0.6% vs. 5.6%). When they were 
combined (USG-PCOM and/or AMH-PCOM), phenotype B almost disappeared (5.0%). After removing 
phenotype B, there was no discordance between the criteria as well as similar metabolic features and LFR 
among the rest of the phenotypes (NS for all).
Conclusions: Complementing the USG-PCOM criterion, the AMH-PCOM criterion almost removed 
phenotype B and made the other phenotypes similar with respect to metabolic features and LFR in patients 
with PCOS. [J Assoc Clin Endocrinol Diabetol Bangladesh, January 2023; 2 (1): 08-13]
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Introduction
Polycystic ovary syndrome (PCOS) is a heterogeneous 
disorder with debatable diagnostic criteria.1 Among 
several criteria proposed by different societies, the 
revised 2003 Rotterdam consensus criterion is widely 
acceptable and requires two out of three components 
from oligo/anovulation (OA), clinical and/or 
biochemical hyperandrogenism (HA), and polycystic 
ovarian morphology (PCOM) by ultrasonography (USG) 
along with the exclusion of similar diseases. PCOM is 
defined by fulfillment of either ovarian volume (OV >10 
mL) or follicle number per ovary (FNPO ≥12 with 2 – 9 
mm in diameter) in any ovary by the Rotterdam 
criterion.2 Despite the racial variation, the OV criteria 
remained the same. However, with the improvement of 
imaging technology, the FNPO criterion is changing. 
Despite these improvements and the precision of PCOM 

criteria, there are lots of limitations of USG.3 As a result, 
alternative markers of PCOM have been developed. 
Antimullerian hormone (AMH) is one of the promising 
diagnostic tests for PCOS and PCOM. It correlates with 
both OV and FNPO. However, it needs more 
standardization of assay and a cut-off for accurate 
detection of PCOM.4 
AMH is considered a diagnostic marker of PCOS in the 
differential diagnosis of ovulatory dysfunctions and 
ovarian reserve. It is also related to increased luteinizing 
hormone pulse frequency, one of the characteristics of 
PCOS.5 On the other hand, PCOM usually reflects the 
metabolic phenotype.6 Current diagnostic criteria do not 
include the altered luteinizing/follicle-stimulating 
hormone (LH/FSH) ratio and insulin resistance. So, 
combining these two (PCOM and AMH) criteria may 
improve the diagnosis of PCOS.7 
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Depending on the presence of at least two diagnostic 
components from three (OA, HA, and PCOM), there are 
four possible phenotypes in a patient with PCOS. The 
combination of all three is phenotype A, and the absence 
of PCOM, OA, and HA are phenotype B, C, and D 
respectively.8 The impact of the combination of 
USG-PCOM and AMH-PCOM on phenotypes of PCOS 
is not widely reported especially in the Bangladeshi 
population.  The aim of this study was to see the impact 
of new PCOM criteria obtained from the presence of 
either USG and/or AMH criteria on the phenotypes of 
PCOS.

Methods
This was a cross-sectional observational study that 
consecutively included 160 newly detected PCOS 
patients on the basis of modified Rotterdam criteria with 
the exclusion of similar diseases (thyroid dysfunctions, 
nonclassic congenital adrenal hyperplasia, 
hyperprolactinemia, androgen-producing tumor, etc.), 
and pregnancy, lactation, as well as patients taking 
hormonal contraceptives, an insulin sensitizer, 
anti-androgen, or having other systemic diseases. The 
study was conducted in the Department of 
Endocrinology of Bangabandhu Sheikh Mujib Medical 
University, Bangladesh during the period from August 
2014 to July 2015. We used similar definitions of OA 
and HA of Rotterdam criteria.2 However, for PCOM, we 
used combined PCOM criteria. The presence of either 
USG-PCOM and/or AMH-PCOM criteria was taken as 
combined PCOM. As transvaginal sonography could not 
be done for all, we only considered OV criteria (>10 
mL) to diagnose PCOM by USG (USG-PCOM).9 We 
used the AMH cut-off of 3.5 ng/mL as AMH-PCOM 
criteria.10 The study protocol was approved by the 
BSMMU’s institutional review board. Informed written 
consent was obtained from each participant. Relevant 
reproductive history was taken and physical 
examinations were performed (height, weight, blood 
pressure, hirsutism, acne, and acanthosis nigricans). 
Body mass index (BMI) was calculated from height and 
weight with a value ≥25 kg/m2 being considered obese.11 
Hirsutism was assessed by the modified 
Ferriman-Gallwey (mFG) method and a score of ≥8 was 
used as significant.12 Fasting blood was drawn to 
measure total testosterone (TT), luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), and AMH. 
AMH was analyzed by an enzyme-linked 
immunosorbent assay, AMH GEN II ELISA kit 
(Beckman Coulter, Inc. USA) with an intra-assay 
coefficient of variation of 3.4 – 5.4% and inter-assay 

variation of 4.0 – 5.6%. Other hormones were measured 
by chemiluminescent microparticle immunoassay. A TT 
>46 ng/dL and a LH/FSH ratio (LFR) >2.0 were 
considered hyperandrogenemia and altered LFR 
respectively.13,14 USG of ovaries was performed in the 
follicular phase of the menstrual cycle by 
trans-abdominal or trans-vaginal route depending on 
marital status. 
Statistical analyses were done by SPSS software version 
22.0. Qualitative data were expressed in frequency 
(percent, %) and quantitative data were expressed in 
mean±standard deviation (SD) or median (inter-quartile 
range IQR). For comparison between/among groups, 
Pearson’s chi-square/Fisher’s exact test for qualitative 
values and independent samples-t test or one-way  
ANOVA with post hoc Tukey or Kruskal Wallis one-way  
ANOVA with pairwise comparison by Dunn’s test was 
done as appropriate. Statistical significance was set at 
p-values below 0.05.

Results
The characteristics of the study population with 
USG-PCOM and AMH-PCOM criteria are shown in 
Table-I. All the variables were statistically similar 
between the presence and absence of USG-PCOM 
(p=NS for all). Similarly, all the variables were also 
statistically similar between the presence and absence of 
AMH-PCOM except the percentages of 
hyperandrogenemia, which was statistically lower in the 
AMH-PCOM present group than in the absence group 
(present vs. absent: 50.0% vs. 75.0%, p=0.003).
The impact of AMH as a marker of PCOM is shown in 
Figure-1. The frequency of phenotypes A, C, and D was 
higher in the USG-PCOM group than in the 
AMH-PCOM group. On the other hand, phenotype B 
was higher in the AMH-PCOM group than in the 
USG-PCOM group. USG-PCOM missed only 0.6% and 
the AMH-PCOM missed 5.6% of PCOS cases. When 
they were combined (USG-PCOM and/or 
AMH-PCOM), phenotype B almost disappeared (5.0%). 
When phenotype B as well as absent of both 
USG-PCOM and AMH-PCOM criterion were removed, 
there was significant discordance (p=0.027). But, in post 
hoc analysis all the cells' adjusted residuals were within 
±3. So, there was no discordance between the criteria 
(Table-II)
The characteristics of the study population with 
combined-PCOM-based phenotypes are shown in 
Table-III. The mFG score was significantly higher in 
phenotype A (p <0.001), B (p=0.001), and C (p=0.002) 
than phenotype D. Similarly, TT was significantly 
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combined PCOM criterion was found mostly in 
phenotype B. After removing phenotype B, there was no 
discordance between combined phenotypes with 
combined PCOM. So, the combined PCOM criterion 
becomes an essential component to diagnose PCOS. 
Besides, the combined criterion also includes different 
manifestations of PCOS (increased LH pulse frequency, 
metabolic features), as this condition is largely 
heterogeneous, thus increasing the sensitivity of this 
diagnostic test.6 The percent of phenotypes A, C, and D 
were higher in the USG-PCOM group than in the 
AMH-PCOM group. Apart from phenotype A, there is a 
chance of missing phenotypes C and D. The combined 
PCOM criterion will detect these ‘mild PCOS’ patients. 

AMH-PCOM criterion- a similar observation to 
Carmina et al.  However, several authors found good 

concordance between these two criteria.6,16,17

found that combining with AMH to USG-OV criteria 
might produce a PCOM criterion that might be an 
alternative to OV/FNPO criteria. Alternatively, in 
sonographically inconclusive cases of PCOM, AMH can 
help to detect more cases of PCOS.7 On the other hand, 
the discordance between the two criteria may be due to 
individual false negative results.6

In this study, hyperandrogenemia was significantly 
higher in AMH-PCOM absent group. In combined 
phenotypes, systolic BP and AMH were significantly 
lower in phenotype B and androgenic manifestations 
were significantly lower in phenotype D. Phenotype D is 
called non-hyperandrogenic PCOS, so this feature 
remained the same with the phenotypes produced by the 
combined PCOM criteria too. On the other hand, if 
phenotype B is removed, then there are no significant 
differences in metabolic characteristics and LH/FSH 
ratio among the other phenotypes.

hyperandrogenism, we could not report it due to its 
limitations by the requirement of transvaginal USG with 
the higher frequency of USG probe.18 

Conclusion
In conclusion, AMH can complement USG in the 
diagnosis of PCOM with the disappearance of 
phenotype B of PCOS. Combining these two methods 
make the other phenotypes statistically similar with 
respect to metabolic features and LH/FSH ratio, thus 
complementing these two other important 
non-diagnostic phenotypes also. It requires an 
age-specific and population-based study to determine 
the optimal cut-off of serum AMH for the better 
application of this AMH-PCOM criterion.
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higher in phenotype A (p=0.003) and C (p=0.001) than 
phenotype D. Systolic BP was significantly higher in 
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hormone (LH/FSH) ratio and insulin resistance. So, 
combining these two (PCOM and AMH) criteria may 
improve the diagnosis of PCOS.7 

Depending on the presence of at least two diagnostic 
components from three (OA, HA, and PCOM), there are 
four possible phenotypes in a patient with PCOS. The 
combination of all three is phenotype A, and the absence 
of PCOM, OA, and HA are phenotype B, C, and D 
respectively.8 The impact of the combination of 
USG-PCOM and AMH-PCOM on phenotypes of PCOS 
is not widely reported especially in the Bangladeshi 
population.  The aim of this study was to see the impact 
of new PCOM criteria obtained from the presence of 
either USG and/or AMH criteria on the phenotypes of 
PCOS.

Methods
This was a cross-sectional observational study that 
consecutively included 160 newly detected PCOS 
patients on the basis of modified Rotterdam criteria with 
the exclusion of similar diseases (thyroid dysfunctions, 
nonclassic congenital adrenal hyperplasia, 
hyperprolactinemia, androgen-producing tumor, etc.), 
and pregnancy, lactation, as well as patients taking 

anti-androgen, or having other systemic diseases. The 
study was conducted in the Department of 
Endocrinology of Bangabandhu Sheikh Mujib Medical 
University, Bangladesh during the period from August 

and HA of Rotterdam criteria.2 However, for PCOM, we 
used combined PCOM criteria. The presence of either 
USG-PCOM and/or AMH-PCOM criteria was taken as 
combined PCOM. As transvaginal sonography could not 
be done for all, we only considered OV criteria (>10 
mL) to diagnose PCOM by USG (USG-PCOM).

criteria.10 The study protocol was approved by the 
BSMMU’s institutional review board. Informed written 
consent was obtained from each participant. Relevant 
reproductive history was taken and physical 
examinations were performed (height, weight, blood 
pressure, hirsutism, acne, and acanthosis nigricans). 
Body mass index (BMI) was calculated from height and 

2 being considered obese.11 
Hirsutism was assessed by the modified 

used as significant.12 Fasting blood was drawn to 

(LH), follicle-stimulating hormone (FSH), and AMH. 

immunosorbent assay, AMH GEN II ELISA kit 
(Beckman Coulter, Inc. USA) with an intra-assay 

by chemiluminescent microparticle immunoassay. A TT 
>46 ng/dL and a LH/FSH ratio (LFR) >2.0 were 
considered hyperandrogenemia and altered LFR 
respectively.  USG of ovaries was performed in the 
follicular phase of the menstrual cycle by 
trans-abdominal or trans-vaginal route depending on 
marital status. 
Statistical analyses were done by SPSS software version 
22.0. Qualitative data were expressed in frequency 
(percent, %) and quantitative data were expressed in 
mean±standard deviation (SD) or median (inter-quartile 
range IQR). For comparison between/among groups, 
Pearson’s chi-square/Fisher’s exact test for qualitative 
values and independent samples-t test or one-way  

ANOVA with pairwise comparison by Dunn’s test was 
done as appropriate. Statistical significance was set at 

Results
The characteristics of the study population with 
USG-PCOM and AMH-PCOM criteria are shown in 
Table-I. All the variables were statistically similar 
between the presence and absence of USG-PCOM 
(p=NS for all). Similarly, all the variables were also 
statistically similar between the presence and absence of 
AMH-PCOM except the percentages of 
hyperandrogenemia, which was statistically lower in the 
AMH-PCOM present group than in the absence group 

The impact of AMH as a marker of PCOM is shown in 
Figure-1. The frequency of phenotypes A, C, and D was 
higher in the USG-PCOM group than in the 
AMH-PCOM group. On the other hand, phenotype B 
was higher in the AMH-PCOM group than in the 
USG-PCOM group. USG-PCOM missed only 0.6% and 

they were combined (USG-PCOM and/or 

USG-PCOM and AMH-PCOM criterion were removed, 
there was significant discordance (p=0.027). But, in post 
hoc analysis all the cells' adjusted residuals were within 

(Table-II)
The characteristics of the study population with 
combined-PCOM-based phenotypes are shown in 
Table-III. The mFG score was significantly higher in 
phenotype A (p <0.001), B (p=0.001), and C (p=0.002) 
than phenotype D. Similarly, TT was significantly 

phenotype D. Systolic BP was significantly higher in 

was significantly higher in phenotype A (p=0.016), C 

characteristics were statistically similar across the 
spectrum of combined phenotypes (p=NS for all).

Discussion
The aim of this study was to see the impact of a new 

combined USG-OV &/or AMH criterion on the 

combined PCOM criterion was found mostly in 
phenotype B. After removing phenotype B, there was no 
discordance between combined phenotypes with 
combined PCOM. So, the combined PCOM criterion 
becomes an essential component to diagnose PCOS. 
Besides, the combined criterion also includes different 
manifestations of PCOS (increased LH pulse frequency, 
metabolic features), as this condition is largely 
heterogeneous, thus increasing the sensitivity of this 
diagnostic test.6 The percent of phenotypes A, C, and D 
were higher in the USG-PCOM group than in the 
AMH-PCOM group. Apart from phenotype A, there is a 
chance of missing phenotypes C and D. The combined 
PCOM criterion will detect these ‘mild PCOS’ patients. 

AMH-PCOM criterion- a similar observation to 
Carmina et al.  However, several authors found good 

concordance between these two criteria.6,16,17

found that combining with AMH to USG-OV criteria 
might produce a PCOM criterion that might be an 
alternative to OV/FNPO criteria. Alternatively, in 
sonographically inconclusive cases of PCOM, AMH can 
help to detect more cases of PCOS.7 On the other hand, 
the discordance between the two criteria may be due to 
individual false negative results.6

In this study, hyperandrogenemia was significantly 
higher in AMH-PCOM absent group. In combined 
phenotypes, systolic BP and AMH were significantly 
lower in phenotype B and androgenic manifestations 
were significantly lower in phenotype D. Phenotype D is 
called non-hyperandrogenic PCOS, so this feature 
remained the same with the phenotypes produced by the 
combined PCOM criteria too. On the other hand, if 
phenotype B is removed, then there are no significant 
differences in metabolic characteristics and LH/FSH 
ratio among the other phenotypes.

hyperandrogenism, we could not report it due to its 
limitations by the requirement of transvaginal USG with 
the higher frequency of USG probe.18 

Conclusion
In conclusion, AMH can complement USG in the 
diagnosis of PCOM with the disappearance of 
phenotype B of PCOS. Combining these two methods 
make the other phenotypes statistically similar with 
respect to metabolic features and LH/FSH ratio, thus 
complementing these two other important 
non-diagnostic phenotypes also. It requires an 
age-specific and population-based study to determine 
the optimal cut-off of serum AMH for the better 
application of this AMH-PCOM criterion.
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Figure 1: Phenotypic distribution according to different criteria of PCOM in the study participants (N=160)

Table-I: Characteristics of the study participants (N=160)
Variables
Number (%)
Age, years
Irregular menstruation
Menstrual regulation/abortion
Subfertility
Family history of PCOS
Family history of subfertility
Family history of DM

2)
Acne
Acanthosis nigricans

Hyperandrogenemia (TT >46 ng/dL) 
Altered LH/FSH ratio (>2.0)
 

Absent

2 (8.0)
4 (16.0)
1 (4.0)

4 (16.0)
21 (84.0)

7 (28.0)

4 (16.0)

10 (40.0)

Present

118 (87.4)

82 (60.7)

Absent

4 (7.7)

Present

8 (7.4)
18 (16.7)

16 (14.8)

p

0.077

0.446
0.100

0.081
0.761

0.228

p

1.00
0.147
1.00

0.864
0.461

1.00

0.712
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combined USG-OV &/or AMH criterion on the 
phenotypes of PCOS. We found that the impact of the 
combined PCOM criterion was found mostly in 
phenotype B. After removing phenotype B, there was no 
discordance between combined phenotypes with 
combined PCOM. So, the combined PCOM criterion 
becomes an essential component to diagnose PCOS. 
Besides, the combined criterion also includes different 
manifestations of PCOS (increased LH pulse frequency, 
metabolic features), as this condition is largely 
heterogeneous, thus increasing the sensitivity of this 
diagnostic test.6 The percent of phenotypes A, C, and D 
were higher in the USG-PCOM group than in the 
AMH-PCOM group. Apart from phenotype A, there is a 
chance of missing phenotypes C and D. The combined 
PCOM criterion will detect these ‘mild PCOS’ patients. 
We found the USG-PCOM criterion better than the 
AMH-PCOM criterion- a similar observation to 
Carmina et al.15 However, several authors found good 

concordance between these two criteria.6,16,17 We also 
found that combining with AMH to USG-OV criteria 
might produce a PCOM criterion that might be an 
alternative to OV/FNPO criteria. Alternatively, in 
sonographically inconclusive cases of PCOM, AMH can 
help to detect more cases of PCOS.7 On the other hand, 
the discordance between the two criteria may be due to 
individual false negative results.6

In this study, hyperandrogenemia was significantly 
higher in AMH-PCOM absent group. In combined 
phenotypes, systolic BP and AMH were significantly 
lower in phenotype B and androgenic manifestations 
were significantly lower in phenotype D. Phenotype D is 
called non-hyperandrogenic PCOS, so this feature 
remained the same with the phenotypes produced by the 
combined PCOM criteria too. On the other hand, if 
phenotype B is removed, then there are no significant 
differences in metabolic characteristics and LH/FSH 
ratio among the other phenotypes.

combined USG-OV &/or AMH criterion on the 
phenotypes of PCOS. We found that the impact of the 
combined PCOM criterion was found mostly in 
phenotype B. After removing phenotype B, there was no 
discordance between combined phenotypes with 
combined PCOM. So, the combined PCOM criterion 
becomes an essential component to diagnose PCOS. 
Besides, the combined criterion also includes different 
manifestations of PCOS (increased LH pulse frequency, 
metabolic features), as this condition is largely 
heterogeneous, thus increasing the sensitivity of this 
diagnostic test.6 The percent of phenotypes A, C, and D 
were higher in the USG-PCOM group than in the 
AMH-PCOM group. Apart from phenotype A, there is a 
chance of missing phenotypes C and D. The combined 
PCOM criterion will detect these ‘mild PCOS’ patients. 
We found the USG-PCOM criterion better than the 
AMH-PCOM criterion- a similar observation to 
Carmina et al.15 However, several authors found good 

concordance between these two criteria.6,16,17 We also 
found that combining with AMH to USG-OV criteria 
might produce a PCOM criterion that might be an 
alternative to OV/FNPO criteria. Alternatively, in 
sonographically inconclusive cases of PCOM, AMH can 
help to detect more cases of PCOS.7 On the other hand, 
the discordance between the two criteria may be due to 
individual false negative results.6

In this study, hyperandrogenemia was significantly 
higher in AMH-PCOM absent group. In combined 
phenotypes, systolic BP and AMH were significantly 
lower in phenotype B and androgenic manifestations 
were significantly lower in phenotype D. Phenotype D is 
called non-hyperandrogenic PCOS, so this feature 
remained the same with the phenotypes produced by the 
combined PCOM criteria too. On the other hand, if 
phenotype B is removed, then there are no significant 
differences in metabolic characteristics and LH/FSH 
ratio among the other phenotypes.

Impact of Combining Antimullerian Hormone with Sonographic Ovarian Volume Morshed et al.

Introduction
Polycystic ovary syndrome (PCOS) is a heterogeneous 
disorder with debatable diagnostic criteria.1 Among 
several criteria proposed by different societies, the 

acceptable and requires two out of three components 
from oligo/anovulation (OA), clinical and/or 
biochemical hyperandrogenism (HA), and polycystic 
ovarian morphology (PCOM) by ultrasonography (USG) 
along with the exclusion of similar diseases. PCOM is 
defined by fulfillment of either ovarian volume (OV >10 

mm in diameter) in any ovary by the Rotterdam 
criterion.2 Despite the racial variation, the OV criteria 
remained the same. However, with the improvement of 
imaging technology, the FNPO criterion is changing. 
Despite these improvements and the precision of PCOM 

criteria, there are lots of limitations of USG.  As a result, 
alternative markers of PCOM have been developed. 
Antimullerian hormone (AMH) is one of the promising 
diagnostic tests for PCOS and PCOM. It correlates with 
both OV and FNPO. However, it needs more 

detection of PCOM.4 
AMH is considered a diagnostic marker of PCOS in the 
differential diagnosis of ovulatory dysfunctions and 

hormone pulse frequency, one of the characteristics of 
PCOS.  On the other hand, PCOM usually reflects the 
metabolic phenotype.6 Current diagnostic criteria do not 

hormone (LH/FSH) ratio and insulin resistance. So, 
combining these two (PCOM and AMH) criteria may 
improve the diagnosis of PCOS.7 

Depending on the presence of at least two diagnostic 
components from three (OA, HA, and PCOM), there are 
four possible phenotypes in a patient with PCOS. The 
combination of all three is phenotype A, and the absence 
of PCOM, OA, and HA are phenotype B, C, and D 
respectively.8 The impact of the combination of 
USG-PCOM and AMH-PCOM on phenotypes of PCOS 
is not widely reported especially in the Bangladeshi 
population.  The aim of this study was to see the impact 
of new PCOM criteria obtained from the presence of 
either USG and/or AMH criteria on the phenotypes of 
PCOS.

Methods
This was a cross-sectional observational study that 
consecutively included 160 newly detected PCOS 
patients on the basis of modified Rotterdam criteria with 
the exclusion of similar diseases (thyroid dysfunctions, 
nonclassic congenital adrenal hyperplasia, 
hyperprolactinemia, androgen-producing tumor, etc.), 
and pregnancy, lactation, as well as patients taking 

anti-androgen, or having other systemic diseases. The 
study was conducted in the Department of 
Endocrinology of Bangabandhu Sheikh Mujib Medical 
University, Bangladesh during the period from August 

and HA of Rotterdam criteria.2 However, for PCOM, we 
used combined PCOM criteria. The presence of either 
USG-PCOM and/or AMH-PCOM criteria was taken as 
combined PCOM. As transvaginal sonography could not 
be done for all, we only considered OV criteria (>10 
mL) to diagnose PCOM by USG (USG-PCOM).

criteria.10 The study protocol was approved by the 
BSMMU’s institutional review board. Informed written 
consent was obtained from each participant. Relevant 
reproductive history was taken and physical 
examinations were performed (height, weight, blood 
pressure, hirsutism, acne, and acanthosis nigricans). 
Body mass index (BMI) was calculated from height and 

2 being considered obese.11 
Hirsutism was assessed by the modified 

used as significant.12 Fasting blood was drawn to 

(LH), follicle-stimulating hormone (FSH), and AMH. 

immunosorbent assay, AMH GEN II ELISA kit 
(Beckman Coulter, Inc. USA) with an intra-assay 

by chemiluminescent microparticle immunoassay. A TT 
>46 ng/dL and a LH/FSH ratio (LFR) >2.0 were 
considered hyperandrogenemia and altered LFR 
respectively.  USG of ovaries was performed in the 
follicular phase of the menstrual cycle by 
trans-abdominal or trans-vaginal route depending on 
marital status. 
Statistical analyses were done by SPSS software version 
22.0. Qualitative data were expressed in frequency 
(percent, %) and quantitative data were expressed in 
mean±standard deviation (SD) or median (inter-quartile 
range IQR). For comparison between/among groups, 
Pearson’s chi-square/Fisher’s exact test for qualitative 
values and independent samples-t test or one-way  

ANOVA with pairwise comparison by Dunn’s test was 
done as appropriate. Statistical significance was set at 

Results
The characteristics of the study population with 
USG-PCOM and AMH-PCOM criteria are shown in 
Table-I. All the variables were statistically similar 
between the presence and absence of USG-PCOM 
(p=NS for all). Similarly, all the variables were also 
statistically similar between the presence and absence of 
AMH-PCOM except the percentages of 
hyperandrogenemia, which was statistically lower in the 
AMH-PCOM present group than in the absence group 

The impact of AMH as a marker of PCOM is shown in 
Figure-1. The frequency of phenotypes A, C, and D was 
higher in the USG-PCOM group than in the 
AMH-PCOM group. On the other hand, phenotype B 
was higher in the AMH-PCOM group than in the 
USG-PCOM group. USG-PCOM missed only 0.6% and 

they were combined (USG-PCOM and/or 

USG-PCOM and AMH-PCOM criterion were removed, 
there was significant discordance (p=0.027). But, in post 
hoc analysis all the cells' adjusted residuals were within 

(Table-II)
The characteristics of the study population with 
combined-PCOM-based phenotypes are shown in 
Table-III. The mFG score was significantly higher in 
phenotype A (p <0.001), B (p=0.001), and C (p=0.002) 
than phenotype D. Similarly, TT was significantly 

phenotype D. Systolic BP was significantly higher in 

was significantly higher in phenotype A (p=0.016), C 

characteristics were statistically similar across the 
spectrum of combined phenotypes (p=NS for all).

Discussion
The aim of this study was to see the impact of a new 

combined USG-OV &/or AMH criterion on the 

combined PCOM criterion was found mostly in 
phenotype B. After removing phenotype B, there was no 
discordance between combined phenotypes with 
combined PCOM. So, the combined PCOM criterion 
becomes an essential component to diagnose PCOS. 
Besides, the combined criterion also includes different 
manifestations of PCOS (increased LH pulse frequency, 
metabolic features), as this condition is largely 
heterogeneous, thus increasing the sensitivity of this 
diagnostic test.6 The percent of phenotypes A, C, and D 
were higher in the USG-PCOM group than in the 
AMH-PCOM group. Apart from phenotype A, there is a 
chance of missing phenotypes C and D. The combined 
PCOM criterion will detect these ‘mild PCOS’ patients. 

AMH-PCOM criterion- a similar observation to 
Carmina et al.  However, several authors found good 

concordance between these two criteria.6,16,17

found that combining with AMH to USG-OV criteria 
might produce a PCOM criterion that might be an 
alternative to OV/FNPO criteria. Alternatively, in 
sonographically inconclusive cases of PCOM, AMH can 
help to detect more cases of PCOS.7 On the other hand, 
the discordance between the two criteria may be due to 
individual false negative results.6

In this study, hyperandrogenemia was significantly 
higher in AMH-PCOM absent group. In combined 
phenotypes, systolic BP and AMH were significantly 
lower in phenotype B and androgenic manifestations 
were significantly lower in phenotype D. Phenotype D is 
called non-hyperandrogenic PCOS, so this feature 
remained the same with the phenotypes produced by the 
combined PCOM criteria too. On the other hand, if 
phenotype B is removed, then there are no significant 
differences in metabolic characteristics and LH/FSH 
ratio among the other phenotypes.

hyperandrogenism, we could not report it due to its 
limitations by the requirement of transvaginal USG with 
the higher frequency of USG probe.18 

Conclusion
In conclusion, AMH can complement USG in the 
diagnosis of PCOM with the disappearance of 
phenotype B of PCOS. Combining these two methods 
make the other phenotypes statistically similar with 
respect to metabolic features and LH/FSH ratio, thus 
complementing these two other important 
non-diagnostic phenotypes also. It requires an 
age-specific and population-based study to determine 
the optimal cut-off of serum AMH for the better 
application of this AMH-PCOM criterion.
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Table III: Characteristics of the study population with the combined PCOM phenotypes (N=160)
Variables
Number (%)
Age, years
BMI, kg/m2

Acne
Acanthosis nigricans
mFG score
Systolic BP, mm-Hg
Diastolic BP, mm-Hg
Total testosterone ng/dL 
S. LH, IU/L
LH/FSH ratio
S. AMH, ng/mL

Phenotype B

11.0±4.21

2.0±1.0

Phenotype A

10.40±4.21

Phenotype D
16 (10.0)

8.17±4.21

Post hoc significance

-
-
-
-
-

(A=B=C) >D
(A>B)=C=D
A=B=C=D

(A>D<C)=B
-
-

(A=C=D)>B

Phenotype C
17 (10.6)

24.71±4.04

7 (41.2)

p

0.614¥
0.810¥

<0.001*
0.006*

0.867*

Table-II: 

Polycystic ovarian
morphology

USG+ and AMH+ criteria
USG+ and AMH- criteria
USG- and AMH+ criteria

Phenotype A
n= 119

Phenotype (C+D)
n= 33

7.2 (2)

p

0.027
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While FNPO is usually a better representative of 
hyperandrogenism, we could not report it due to its 
limitations by the requirement of transvaginal USG with 
the higher frequency of USG probe.18 

Conclusion
In conclusion, AMH can complement USG in the 
diagnosis of PCOM with the disappearance of 
phenotype B of PCOS. Combining these two methods 
make the other phenotypes statistically similar with 
respect to metabolic features and LH/FSH ratio, thus 
complementing these two other important 
non-diagnostic phenotypes also. It requires an 
age-specific and population-based study to determine 
the optimal cut-off of serum AMH for the better 
application of this AMH-PCOM criterion.
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Introduction
Polycystic ovary syndrome (PCOS) is a heterogeneous 
disorder with debatable diagnostic criteria.1 Among 
several criteria proposed by different societies, the 

acceptable and requires two out of three components 
from oligo/anovulation (OA), clinical and/or 
biochemical hyperandrogenism (HA), and polycystic 
ovarian morphology (PCOM) by ultrasonography (USG) 
along with the exclusion of similar diseases. PCOM is 
defined by fulfillment of either ovarian volume (OV >10 

mm in diameter) in any ovary by the Rotterdam 
criterion.2 Despite the racial variation, the OV criteria 
remained the same. However, with the improvement of 
imaging technology, the FNPO criterion is changing. 
Despite these improvements and the precision of PCOM 

criteria, there are lots of limitations of USG.  As a result, 
alternative markers of PCOM have been developed. 
Antimullerian hormone (AMH) is one of the promising 
diagnostic tests for PCOS and PCOM. It correlates with 
both OV and FNPO. However, it needs more 

detection of PCOM.4 
AMH is considered a diagnostic marker of PCOS in the 
differential diagnosis of ovulatory dysfunctions and 

hormone pulse frequency, one of the characteristics of 
PCOS.  On the other hand, PCOM usually reflects the 
metabolic phenotype.6 Current diagnostic criteria do not 

hormone (LH/FSH) ratio and insulin resistance. So, 
combining these two (PCOM and AMH) criteria may 
improve the diagnosis of PCOS.7 

Depending on the presence of at least two diagnostic 
components from three (OA, HA, and PCOM), there are 
four possible phenotypes in a patient with PCOS. The 
combination of all three is phenotype A, and the absence 
of PCOM, OA, and HA are phenotype B, C, and D 
respectively.8 The impact of the combination of 
USG-PCOM and AMH-PCOM on phenotypes of PCOS 
is not widely reported especially in the Bangladeshi 
population.  The aim of this study was to see the impact 
of new PCOM criteria obtained from the presence of 
either USG and/or AMH criteria on the phenotypes of 
PCOS.

Methods
This was a cross-sectional observational study that 
consecutively included 160 newly detected PCOS 
patients on the basis of modified Rotterdam criteria with 
the exclusion of similar diseases (thyroid dysfunctions, 
nonclassic congenital adrenal hyperplasia, 
hyperprolactinemia, androgen-producing tumor, etc.), 
and pregnancy, lactation, as well as patients taking 

anti-androgen, or having other systemic diseases. The 
study was conducted in the Department of 
Endocrinology of Bangabandhu Sheikh Mujib Medical 
University, Bangladesh during the period from August 

and HA of Rotterdam criteria.2 However, for PCOM, we 
used combined PCOM criteria. The presence of either 
USG-PCOM and/or AMH-PCOM criteria was taken as 
combined PCOM. As transvaginal sonography could not 
be done for all, we only considered OV criteria (>10 
mL) to diagnose PCOM by USG (USG-PCOM).

criteria.10 The study protocol was approved by the 
BSMMU’s institutional review board. Informed written 
consent was obtained from each participant. Relevant 
reproductive history was taken and physical 
examinations were performed (height, weight, blood 
pressure, hirsutism, acne, and acanthosis nigricans). 
Body mass index (BMI) was calculated from height and 

2 being considered obese.11 
Hirsutism was assessed by the modified 

used as significant.12 Fasting blood was drawn to 

(LH), follicle-stimulating hormone (FSH), and AMH. 

immunosorbent assay, AMH GEN II ELISA kit 
(Beckman Coulter, Inc. USA) with an intra-assay 

by chemiluminescent microparticle immunoassay. A TT 
>46 ng/dL and a LH/FSH ratio (LFR) >2.0 were 
considered hyperandrogenemia and altered LFR 
respectively.  USG of ovaries was performed in the 
follicular phase of the menstrual cycle by 
trans-abdominal or trans-vaginal route depending on 
marital status. 
Statistical analyses were done by SPSS software version 
22.0. Qualitative data were expressed in frequency 
(percent, %) and quantitative data were expressed in 
mean±standard deviation (SD) or median (inter-quartile 
range IQR). For comparison between/among groups, 
Pearson’s chi-square/Fisher’s exact test for qualitative 
values and independent samples-t test or one-way  

ANOVA with pairwise comparison by Dunn’s test was 
done as appropriate. Statistical significance was set at 

Results
The characteristics of the study population with 
USG-PCOM and AMH-PCOM criteria are shown in 
Table-I. All the variables were statistically similar 
between the presence and absence of USG-PCOM 
(p=NS for all). Similarly, all the variables were also 
statistically similar between the presence and absence of 
AMH-PCOM except the percentages of 
hyperandrogenemia, which was statistically lower in the 
AMH-PCOM present group than in the absence group 

The impact of AMH as a marker of PCOM is shown in 
Figure-1. The frequency of phenotypes A, C, and D was 
higher in the USG-PCOM group than in the 
AMH-PCOM group. On the other hand, phenotype B 
was higher in the AMH-PCOM group than in the 
USG-PCOM group. USG-PCOM missed only 0.6% and 

they were combined (USG-PCOM and/or 

USG-PCOM and AMH-PCOM criterion were removed, 
there was significant discordance (p=0.027). But, in post 
hoc analysis all the cells' adjusted residuals were within 

(Table-II)
The characteristics of the study population with 
combined-PCOM-based phenotypes are shown in 
Table-III. The mFG score was significantly higher in 
phenotype A (p <0.001), B (p=0.001), and C (p=0.002) 
than phenotype D. Similarly, TT was significantly 

phenotype D. Systolic BP was significantly higher in 

was significantly higher in phenotype A (p=0.016), C 

characteristics were statistically similar across the 
spectrum of combined phenotypes (p=NS for all).

Discussion
The aim of this study was to see the impact of a new 

combined USG-OV &/or AMH criterion on the 

combined PCOM criterion was found mostly in 
phenotype B. After removing phenotype B, there was no 
discordance between combined phenotypes with 
combined PCOM. So, the combined PCOM criterion 
becomes an essential component to diagnose PCOS. 
Besides, the combined criterion also includes different 
manifestations of PCOS (increased LH pulse frequency, 
metabolic features), as this condition is largely 
heterogeneous, thus increasing the sensitivity of this 
diagnostic test.6 The percent of phenotypes A, C, and D 
were higher in the USG-PCOM group than in the 
AMH-PCOM group. Apart from phenotype A, there is a 
chance of missing phenotypes C and D. The combined 
PCOM criterion will detect these ‘mild PCOS’ patients. 

AMH-PCOM criterion- a similar observation to 
Carmina et al.  However, several authors found good 

concordance between these two criteria.6,16,17

found that combining with AMH to USG-OV criteria 
might produce a PCOM criterion that might be an 
alternative to OV/FNPO criteria. Alternatively, in 
sonographically inconclusive cases of PCOM, AMH can 
help to detect more cases of PCOS.7 On the other hand, 
the discordance between the two criteria may be due to 
individual false negative results.6

In this study, hyperandrogenemia was significantly 
higher in AMH-PCOM absent group. In combined 
phenotypes, systolic BP and AMH were significantly 
lower in phenotype B and androgenic manifestations 
were significantly lower in phenotype D. Phenotype D is 
called non-hyperandrogenic PCOS, so this feature 
remained the same with the phenotypes produced by the 
combined PCOM criteria too. On the other hand, if 
phenotype B is removed, then there are no significant 
differences in metabolic characteristics and LH/FSH 
ratio among the other phenotypes.

hyperandrogenism, we could not report it due to its 
limitations by the requirement of transvaginal USG with 
the higher frequency of USG probe.18 

Conclusion
In conclusion, AMH can complement USG in the 
diagnosis of PCOM with the disappearance of 
phenotype B of PCOS. Combining these two methods 
make the other phenotypes statistically similar with 
respect to metabolic features and LH/FSH ratio, thus 
complementing these two other important 
non-diagnostic phenotypes also. It requires an 
age-specific and population-based study to determine 
the optimal cut-off of serum AMH for the better 
application of this AMH-PCOM criterion.
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Introduction
Polycystic ovary syndrome (PCOS) is a heterogeneous 
disorder with debatable diagnostic criteria.1 Among 
several criteria proposed by different societies, the 

acceptable and requires two out of three components 
from oligo/anovulation (OA), clinical and/or 
biochemical hyperandrogenism (HA), and polycystic 
ovarian morphology (PCOM) by ultrasonography (USG) 
along with the exclusion of similar diseases. PCOM is 
defined by fulfillment of either ovarian volume (OV >10 

mm in diameter) in any ovary by the Rotterdam 
criterion.2 Despite the racial variation, the OV criteria 
remained the same. However, with the improvement of 
imaging technology, the FNPO criterion is changing. 
Despite these improvements and the precision of PCOM 

criteria, there are lots of limitations of USG.  As a result, 
alternative markers of PCOM have been developed. 
Antimullerian hormone (AMH) is one of the promising 
diagnostic tests for PCOS and PCOM. It correlates with 
both OV and FNPO. However, it needs more 

detection of PCOM.4 
AMH is considered a diagnostic marker of PCOS in the 
differential diagnosis of ovulatory dysfunctions and 

hormone pulse frequency, one of the characteristics of 
PCOS.  On the other hand, PCOM usually reflects the 
metabolic phenotype.6 Current diagnostic criteria do not 

hormone (LH/FSH) ratio and insulin resistance. So, 
combining these two (PCOM and AMH) criteria may 
improve the diagnosis of PCOS.7 

Depending on the presence of at least two diagnostic 
components from three (OA, HA, and PCOM), there are 
four possible phenotypes in a patient with PCOS. The 
combination of all three is phenotype A, and the absence 
of PCOM, OA, and HA are phenotype B, C, and D 
respectively.8 The impact of the combination of 
USG-PCOM and AMH-PCOM on phenotypes of PCOS 
is not widely reported especially in the Bangladeshi 
population.  The aim of this study was to see the impact 
of new PCOM criteria obtained from the presence of 
either USG and/or AMH criteria on the phenotypes of 
PCOS.

Methods
This was a cross-sectional observational study that 
consecutively included 160 newly detected PCOS 
patients on the basis of modified Rotterdam criteria with 
the exclusion of similar diseases (thyroid dysfunctions, 
nonclassic congenital adrenal hyperplasia, 
hyperprolactinemia, androgen-producing tumor, etc.), 
and pregnancy, lactation, as well as patients taking 

anti-androgen, or having other systemic diseases. The 
study was conducted in the Department of 
Endocrinology of Bangabandhu Sheikh Mujib Medical 
University, Bangladesh during the period from August 

and HA of Rotterdam criteria.2 However, for PCOM, we 
used combined PCOM criteria. The presence of either 
USG-PCOM and/or AMH-PCOM criteria was taken as 
combined PCOM. As transvaginal sonography could not 
be done for all, we only considered OV criteria (>10 
mL) to diagnose PCOM by USG (USG-PCOM).

criteria.10 The study protocol was approved by the 
BSMMU’s institutional review board. Informed written 
consent was obtained from each participant. Relevant 
reproductive history was taken and physical 
examinations were performed (height, weight, blood 
pressure, hirsutism, acne, and acanthosis nigricans). 
Body mass index (BMI) was calculated from height and 

2 being considered obese.11 
Hirsutism was assessed by the modified 

used as significant.12 Fasting blood was drawn to 

(LH), follicle-stimulating hormone (FSH), and AMH. 

immunosorbent assay, AMH GEN II ELISA kit 
(Beckman Coulter, Inc. USA) with an intra-assay 

by chemiluminescent microparticle immunoassay. A TT 
>46 ng/dL and a LH/FSH ratio (LFR) >2.0 were 
considered hyperandrogenemia and altered LFR 
respectively.  USG of ovaries was performed in the 
follicular phase of the menstrual cycle by 
trans-abdominal or trans-vaginal route depending on 
marital status. 
Statistical analyses were done by SPSS software version 
22.0. Qualitative data were expressed in frequency 
(percent, %) and quantitative data were expressed in 
mean±standard deviation (SD) or median (inter-quartile 
range IQR). For comparison between/among groups, 
Pearson’s chi-square/Fisher’s exact test for qualitative 
values and independent samples-t test or one-way  

ANOVA with pairwise comparison by Dunn’s test was 
done as appropriate. Statistical significance was set at 

Results
The characteristics of the study population with 
USG-PCOM and AMH-PCOM criteria are shown in 
Table-I. All the variables were statistically similar 
between the presence and absence of USG-PCOM 
(p=NS for all). Similarly, all the variables were also 
statistically similar between the presence and absence of 
AMH-PCOM except the percentages of 
hyperandrogenemia, which was statistically lower in the 
AMH-PCOM present group than in the absence group 

The impact of AMH as a marker of PCOM is shown in 
Figure-1. The frequency of phenotypes A, C, and D was 
higher in the USG-PCOM group than in the 
AMH-PCOM group. On the other hand, phenotype B 
was higher in the AMH-PCOM group than in the 
USG-PCOM group. USG-PCOM missed only 0.6% and 

they were combined (USG-PCOM and/or 

USG-PCOM and AMH-PCOM criterion were removed, 
there was significant discordance (p=0.027). But, in post 
hoc analysis all the cells' adjusted residuals were within 

(Table-II)
The characteristics of the study population with 
combined-PCOM-based phenotypes are shown in 
Table-III. The mFG score was significantly higher in 
phenotype A (p <0.001), B (p=0.001), and C (p=0.002) 
than phenotype D. Similarly, TT was significantly 

phenotype D. Systolic BP was significantly higher in 

was significantly higher in phenotype A (p=0.016), C 

characteristics were statistically similar across the 
spectrum of combined phenotypes (p=NS for all).

Discussion
The aim of this study was to see the impact of a new 

combined USG-OV &/or AMH criterion on the 

combined PCOM criterion was found mostly in 
phenotype B. After removing phenotype B, there was no 
discordance between combined phenotypes with 
combined PCOM. So, the combined PCOM criterion 
becomes an essential component to diagnose PCOS. 
Besides, the combined criterion also includes different 
manifestations of PCOS (increased LH pulse frequency, 
metabolic features), as this condition is largely 
heterogeneous, thus increasing the sensitivity of this 
diagnostic test.6 The percent of phenotypes A, C, and D 
were higher in the USG-PCOM group than in the 
AMH-PCOM group. Apart from phenotype A, there is a 
chance of missing phenotypes C and D. The combined 
PCOM criterion will detect these ‘mild PCOS’ patients. 

AMH-PCOM criterion- a similar observation to 
Carmina et al.  However, several authors found good 

concordance between these two criteria.6,16,17

found that combining with AMH to USG-OV criteria 
might produce a PCOM criterion that might be an 
alternative to OV/FNPO criteria. Alternatively, in 
sonographically inconclusive cases of PCOM, AMH can 
help to detect more cases of PCOS.7 On the other hand, 
the discordance between the two criteria may be due to 
individual false negative results.6

In this study, hyperandrogenemia was significantly 
higher in AMH-PCOM absent group. In combined 
phenotypes, systolic BP and AMH were significantly 
lower in phenotype B and androgenic manifestations 
were significantly lower in phenotype D. Phenotype D is 
called non-hyperandrogenic PCOS, so this feature 
remained the same with the phenotypes produced by the 
combined PCOM criteria too. On the other hand, if 
phenotype B is removed, then there are no significant 
differences in metabolic characteristics and LH/FSH 
ratio among the other phenotypes.

hyperandrogenism, we could not report it due to its 
limitations by the requirement of transvaginal USG with 
the higher frequency of USG probe.18 

Conclusion
In conclusion, AMH can complement USG in the 
diagnosis of PCOM with the disappearance of 
phenotype B of PCOS. Combining these two methods 
make the other phenotypes statistically similar with 
respect to metabolic features and LH/FSH ratio, thus 
complementing these two other important 
non-diagnostic phenotypes also. It requires an 
age-specific and population-based study to determine 
the optimal cut-off of serum AMH for the better 
application of this AMH-PCOM criterion.
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