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ABSTRACT
Background: Polycystic ovary syndrome (PCOS) is a heterogeneous syndrome posing diagnostic problems in current
practice, because of the cumbersomeness associated with the application of the criteria that define it; giving rise to
over or under diagnosis of it. Anti-Müllerian hormone (AMH) is an effective alternative in this case, being a stable,
reproducible and non-operator dependent marker to diagnose PCOS due to the link that binds it to the multiple preantral follicles in the ovaries of PCOS patients. The aim of this study was to determine the threshold value of AMH
required to define PCOS in our African population, by revealing the correlation with antral follicles count (AFC) on
endovaginal ultrasound.
Methods: We carried out a comparative cross-sectional study, with retrospective data collection in 23 infertile
patients diagnosed with PCOS according to the Rotterdam 2003 criteria, and 23 non-PCOS infertile controls having
performed the AMH test using the Immunotech technique at CHRACERH. Endovaginal ultrasound (U/S) was
performed using a 7.5 mega Hertz (MHz) transvaginal transducer by different qualified operators (radiologists,
gynecologists). The comparison of the two independent groups (PCOS and non-PCOS) was performed by the Student
t-test; correlations between AMH, age, AFC and ovarian volume obtained by the Pearson test; and the diagnostic
power of AMH test in PCOS was evaluated by receiver operating characteristic curves (ROC).
Results: AMH was approximately twice as high in PCOS compared to controls (6.09 versus 3.80, P <0.001) and was
inversely correlated with age (r = -0.301; P ˂0.05); significantly correlated antral follicle count (R = 0.85, P <0.0001)
and ovarian volume (r = 0.625, P <0.0001). ROC analysis revealed that the AMH test was very informative for the
diagnosis of PCOS with an area under the curve (AUC) at 0.90 (0.81-0.99; 95% CI); and the threshold value given by
the farthest point of the diagonal representing the nil contribution test was 4.40 ng/L, and predicted PCOS with a
sensitivity of 96% and a specificity of 70%.
Conclusions: AMH is a predictive marker for PCOS. It is highly correlated with AFC and ovarian volume and
appears to decrease with age. It offers good diagnostic performance in PCOS, with a threshold value of 4.40 ng/L for
a sensitivity of 96% and specificity of 70%.
Keywords: AMH, Follicules antraux, PCOS
INTRODUCTION
Polycystic ovary syndrome is the most common cause of
anovulatory infertility and endocrine abnormalities in

women of childbearing age.1 It is an heterogeneous
syndrome which may vary from one patient to another,
and which combines when fully expressed cutaneous
hyperandrogenism, menstrual irregularity and polycystic
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ovaries on ultrasound.2 As the name suggests, it is a
syndrome, not a disease so there is no test for its
definitive diagnosis but rather sets of diagnostic criteria
established for it.
Three groups of diagnostic criteria exist in the literature
to define it, including the National Institute of Health
criteria of 1990, which combine clinical or biological
hyperandrogenism and menstrual irregularity; those of
Rotterdam 2003 and the revised criteria of NIH 2012
which add to the previous, the definition of polycystic
ovaries aspect on endovaginal ultrasound; and the
Androgen Excess Society criteria (AES), which differ
from the latter in that, they don’t integrate women with
menstrual irregularity and polycystic aspect of the
ovaries, without evidence of androgens excess in the
diagnosis of PCOS.3-5 As a result, the prevalence of
PCOS varies according to the criteria used to diagnose it.
It is 6-10% using the NIH 1990 criteria and 14-17% using
the Rotterdam 2003 criteria for women of childbearing
age.6,7 It is also likely that many women in the general
population are either over-diagnosed or under-diagnosed,
due to the heterogeneity of the clinical presentation and
the criteria defining PCOS. This underscores the
importance of identifying a standardized diagnostic tool
with minimal inter-observer variation.
Anti-Müllerian hormone (AMH), a glycoprotein
belonging to the TGF-β family (Transformation Growth
Factor), then appears as a potentially attractive
alternative. Indeed, the AMH produced by the small preantral follicles is a stable product, the measurement of
which is not subjective compared to the endovaginal
ultrasound, which is an operator-dependent technique.
Moreover, the correlation between AMH and the number
of antral follicles is established.8 It is also correlated with
the biological markers of hyperandrogenism (testosterone
and androstenedione), oligomenorrhea and ovarian
volume. Hence, AMH could be a potential biological
marker in the diagnosis of PCOS, bearing in mind the
limits of its sensitivity and specificity. Due to the racial
and environmental variability of PCOS, we sought to
determine for the first time in our setting the predictive
AMH threshold for PCOS in an African population and
to highlight the correlation between AMH and findings at
Endovaginal ultrasound.
METHODS
We carried out a cross-sectional, retrospective and
analytic study, over 5 years, from the 1st May 2012 to 31st
December 2016. The study was carried out over a five
months period, from the 1st January to 1st May 2017, at
the Hospital Center for Research and Application in
Endoscopic Surgery and Human Reproduction
(CHRACERH) in Yaounde-Cameroon.
Data (age, body mass index, Rotterdam criteria for the
diagnosis of PCOS, AMH levels, antral follicles count
and ovarian volume) was collected from the records of

infertile PCOS patients, diagnosed by the Rotterdam
2003 criteria and infertile non-PCOS patients, admitted
for in vitro fecundation (IVF) who had performed an
AMH test according to the Immunotech assay technique
(IOT), and endovaginal ultrasound during that IVF
session at CHRACERH. An authorization was obtained
beforehand from the CHRACERH ethics committee.
Patients
Controls
Control population consisted of the records of 23 women
under 38 years who were admitted in our hospital for in
vitro fertilization because of tubal and/or male infertility.
They had an AMH test at least ≥2 ng/L according to the
IOT technique, and an endovaginal ultrasound performed
at CHRACERH using a 7.5 MHZ transvaginal transducer
by
different
qualified
operators
(radiologists,
gynecologists). The non-inclusion criteria were records of
infertile non-PCOS patients, admitted in IVF with an
AMH level less than 2 ng/L, with ovarian failure or early
menopause.
Patients with PCOS
Twenty-three records of women under 38 years were
enrolled in this study. According to the Rotterdam
criteria, the diagnosis of PCOS was based on the
association of at least two of the three following criteria:
•
•

•

Ovulatory disturbance, mainly oligomenorrhea or
amenorrhea
Hyperandrogenism (HA) as defined either clinically
by hirsutism (modified Ferriman and Gallwey score
˃6), or severe acne/seborrhea, and/or biologically by
a testosterone serum level greater than 0.7 ng/ml
and/or ∆ 4-androstenedione greater than 2.2 ng/ml
More than 12 follicles in the 2 to 9 mm range in each
ovary at U/S and/or an ovarian volume higher than
10 ml.3

U/S examination has been performed with a 7.5-MHz
transvaginal transducer by different qualified operators
(radiologists, gynecologists). and the AMH assay was
performed according to the IOT assay technique at
CHRACERH.
Statistical analysis
Receiver operating characteristic (ROC) curves were
constructed to examine the diagnostic performance of
AMH test, that is its capacity to discriminate between the
controls and patients with PCOS. Sensitivity (y-axis)
against [1-specificity (x-axis)] was plotted at each
threshold level, and the area under the curve (AUC) was
computed by the parametric method by the SPSS 20
software. AUC represents the probability of correctly
identifying controls and patients with PCOS. A value of
0.5 means that the test result is no better than chance.
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Comparisons of two independent groups (PCOS and nonPCOS patients) were performed using the Student t test
for normally distributed variables and the correlations
between AMH, age, AFC and ovarian volume obtained
by the Pearson test. All statistical analyses were
performed using SPSS 20 Software (SPSS Inc., Chicago,
IL).
RESULTS
Age, weight and BMI
The mean age, weight and BMI of PCOS patients and
non-PCOS controls are summarized in Table 1. No
statistically significant differences were found between
these parameters in the two groups.
Table 1: Distribution of the study population
according to some biophysical parameters.
Parameters
Age
Weight
BMI

PCOS +
(n = 23)
32.43±4.04
73.95±13.17
27.20±4.90

PCOS –
(n = 23)
34.30±3.00
70.93±9.80
26.80±4.62

P value
0.083
0.382
0.778

Mean values of AMH, AFC and ovarian volumes in
PCOS versus controls
The mean serum AMH level was 2-fold higher in PCOS
patients than in controls (P ˂0.0001). Likewise, the mean
follicles number per ovary was 2.5 times higher in
patients than in controls (P ˂0.0001) with and ovarian
volume significantly higher in patient than controls (P
˂0.001) (Table 2).
Table 2: Distribution of the groups according to AMH
and findings on echography.
Parameters
AMH
AFC
Ovarian
volume

PCOS +
(n = 23)
6.09 ±1.50
15.09±3.24

PCOS –
(n = 23)
3.80±1.17
6.74±2.47

12.02±3.36

9.70±1.41

P value
0.0001
0.0001

Table 3: correlations between AMH, age, AFC and
ovarian volume.
Correlations

Effective
(N = 46)
46
46
46
46

Age AMH
Age AFC
BMI AMH
AFC AMH
Ovarian
46
volume AMH
Ovarian
46
volume CFA

Pearson
coefficient (r)
-0.301
-0.515
-0.050
0.854

P value
(P)
0.042
0.0001
0.741
0.0001

0.625

0.0001

0.678

0.0001

Table 4: ROC curve data.
AMH threshold level
(ng/L)
1.0000
2.0500
2.3000
2.5200
2.5700
2.7500
3.0000
3.1650
3.3150
3.4500
3.6750
3.9250
4.1250
4.2750
4.3300
4.4050
4.5550
4.6800

Sensitivity
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.957
0.957
0.957
0.957
0.957
0.913
0.870

1 - Specificity
1.000
0.957
0.913
0.870
0.826
0.783
0.739
0.609
0.565
0.522
0.478
0.478
0.435
0.391
0.348
0.304
0.304
0.304

Diagnostic power of AMH in PCOS
The diagnostic potency of the AMH assay was tested by
the ROC procedure.

0.001

Correlations
Age was inversely correlated with AMH (r = -0.301; P
˂0.05) and AFC (-0.515; P ˂0.0001); suggesting that as
age increases, the more AFC and the AMH level
decrease. We didn’t find a correlation between the AMH
and the BMI in the present study (Table 3). AMH was
strongly correlated with the AFC (r = 0.854; P ˂0.0001)
suggesting that the AMH level increases with the number
of antral follicles. AMH showed a good correlation with
the ovarian volume (r = 0.625; P ˂0.0001) which itself
was well correlated with the number of antral follicles.

Figure 1: AMH threshold value predictive of PCOS
according to ROC curve analysis.
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ROC analysis revealed that the AMH test was very
informative for the diagnosis of PCOS, with an area
under the curve (AUC) at 0.90 (0.81-0.99, 95% CI)
according to the parametric method; and the threshold
value determined by the intuitive method, given by the
farthest point from the diagonal representing the nil
contribution test (AUC = 0.5), combining the best
compromise sensitivity/specificity was 4.40 ng/L, and
predicted PCOS with a sensitivity of 96% and a
specificity of 70% (Figure 1).
DISCUSSION
In this study, we investigated whether AMH
measurement could be a valuable diagnostic marker of
PCOS in an African population for the first time, and its
correlation with AFC on endovaginal ultrasound.
We did not find any significant difference between the
mean age, weight and BMI of the patients and controls as
Homburg et al.9 This could be explained by the modest
size of our sample. The BMI was not correlated with
AMH as in the study by Cook et al, but the relationship
between AMH and BMI remains controversial in the
literature.10-12 Indeed, because obesity is a factor
associated with PCOS, obese patients would be expected
to have a high AMH level, which is not the case. This is
because the pituitary gland of obese patients produces a
rapidly metabolized LH isoform that does not optimally
act on granulosa to stimulate AMH production.13
The mean value of serum AMH level in the PCOS patient
group was almost the double of that of controls
(6.09±1.80 versus 3.80±1.17; P ˂0.0001). Similar data
have been found in several studies like that of Tian et al
in 2014 (7.4 versus 3.5).14-17 This means that even in our
black African population, the AMH is significantly
higher in PCOS women compared to non-PCOS women.
This is due to the numerous follicles whose maturation is
blocked in the ovaries of PCOS patients, but also to the
deregulation of the expression of the AMH and of its
specific receptor in the presence of LH, responsible of
hyperstimulation of AMH production in the presence of
LH, and no negative feedback of its receptor supposed to
regulate this effect.18 The average AFC of PCOS patients
was almost two and a half times that of non-PCOS
(15.09±3.24 versus 6.74±2.47; P ˂0.0001) patients due to
excessive follicles in their ovaries, which explains why
ovarian volume was significantly higher in PCOS
compared to controls (12.02±3.36 versus 9.70±1.41).
For correlations, age was inversely correlated with AMH
(r = -0.301; P ˂0.05) and CFA (r = -0.515; P ˂0.0001),
suggesting that as age increases, the AFC and the AMH
level decrease. Similar data were found by Ludmila et al
and converged with those of the literature which states
that AMH increases at a fairly constant rate up to 25
years, the peak age to become undetectable under 50
years.19 The AMH was strongly correlated to the AFC (r
= 0.854; P ˂0.0001) indicating that the level of AMH

increases with the number of antral follicles. Li et al had
similar results and this is due to the fact that, AMH is
produced in the granulosa of the ovarian follicles.20 The
AMH showed a good correlation with the ovarian volume
(r = 0.625; P ˂0.0001) which itself was well correlated to
the AFC (r = 0.678; P ˂0.0001). Dolfing et al had similar
results and this would be due to the fact that, the ovarian
volume is proportional to the number of follicles which
determine the AMH level.
In this study, the diagnostic performance of AMH was
assessed using the ROC curves. ROC analysis revealed
that the AMH test was very informative for the diagnosis
of PCOS, with a satisfying area under the curve (AUC) of
serum AMH assay at 0.90 (0.81-0.99, 95% CI) and the
threshold value, given by the farthest point from the
diagonal representing the nil contribution test (AUC =
0.5),
combining
the
best
compromise
sensitivity/specificity was 4.40 ng/L, and predicted PCOS
with a sensitivity of 96% and a specificity of 70% (Figure
1).
The threshold value thus obtained had excellent
sensitivity and satisfactory specificity, making AMH a
predictive marker in PCOS. Dewailly et al had similar
results, and suggested that a cut off of 4.9 ng/L could
replace polycystic ovarian morphology on endovaginal
ultrasound with a sensitivity of 92% and a specificity of
97%.21 Casadei et al had an AMH threshold value of 4.62
ng/L with a sensitivity and specificity of 95%.22
Iliodromiti et al in their meta-analysis of 10 studies found
a cut off of 4.7 ng/L with a sensitivity of 82% and a
specificity of 79.4%.16 The difference found in these
studies could be explained by the fact that our study
population consisted of black African subjects, or due to
the size of the studies samples and the criteria used to
define PCOS. AMH can therefore be used as a diagnostic
marker for PCOS, however, due to the strong correlation
observed with the CFA, it would be appropriate to
perform an endovaginal ultrasound to improve its
specificity.
CONCLUSION
In conclusion, AMH is a predictive marker for PCOS. It
is highly correlated with AFC and ovarian volume and
appears to decrease with age. It offers good diagnostic
performance in PCOS, with a threshold value of 4.40
ng/L for a sensitivity of 96% and specificity of 70%.
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