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ABSTRACT
Background: Ovarian Reserve (OR) is a term which describes
the functional potential of the ovary, which constitutes the size
of the ovarian follicle pool and reflects the number and quality of
the oocytes which are within it. Assessment of the OR helps in
reflecting the reproductive potential of women. Various markers
are available for assessing the OR and the best marker is the
Anti Mullerian Hormone (AMH) which reflects the ovarian follicular pool in the ovary. In this study, the serum level of AMH/
MIS(Mullerian Inhibiting Substance)was estimated to assess the
ovarian reserve in both fertile and infertile women.
Objective: To assess the ovarian reserve in women of the fertile
and subfertile groups with regular cycles, who were in the age
range of 26 -33yrs, by estimating the level of AMH and those
of other hormones like FSH and E2 and also to calculate the
ovarian volume and the Antral follicular count by an ultrasonographic method.
Materials and Methods: Thirty fertile and thirty sub fertile
women whose ages ranged from 26-33yrs were included as
group 1 and group 2 respectively. The hormones like AMH ,FSH

and oestradiol were assayed. Measurement of the ovarian volume and the antral follicular count by doing a transvaginal ultrasonogram, was done in all the subjects who were involved in
both the groups. The correlation test was studied between the
variables and the test of significance of the variables between
the 2 groups was also analyzed by the Statistical Package Of
Social Sciences (SPSS).
Results: The Antral Follicular Count (AFC) and the ovarian volume were negatively correlated with the age. The ovarian volume was positively correlated with the AFC. The FSH negatively
correlated with the AFC. The Anti Mullerian Hormone negatively
correlated with the age, and it positively correlated with the AFC.
The mean values of AFC, FSH, and AMH were also statistically
significant between the two groups.
Conclusion: AMH can be considered as a marker for assessing
the ovarian reserve, as it is cycle independent as compared to
the other hormones. The women in the subfertile group with low
levels of AMH should be insisted to proceed for ART as early as
possible.
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Introduction
Infertility (subfertility) is a social problem, even in a country like
India, with a staggering population of about 1 billion, affecting
6.9-9.3% of the women. Ovarian Reserve (OR) is a term which
is used to describe the functional potential of the ovary and it reflects the number and the quality of the oocytes which are within
the ovary [1]. It constitutes the size of the ovarian follicular pool
and the quality of the oocytes therein and it declines with an increase in age, resulting in a decrease in the female reproductive
function. On an average, a female foetus contains about 7 million oocytes at birth, [1-2] million at puberty and about 40,0000
oocytes at the onset of the menstrual cycle. A fixed proportion
of the remaining oocytes become recruited i.e sensitized to the
gonadotrophins, from which one or two will achieve dominance
and will progress to ovulation.
The ovarian reserve declines with an increase in age of the women [2]. Various markers are available to assess the OR, which
include age, the serum FSH, serum oestradiol and the serum anti
mullerian hormone levels, the ovarian volume, the antral follicular
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count, etc. The cycle fluctuation of the day 3 FSH level makes
the OR estimation difficult and a single day 3 FSH measurement
may not be very accurate [3]. However, E2 is never used alone
as a marker for the OR. The ovarian volume and the antral follicular count are the predictors of the number of oocytes which is
retrieved in the controlled ovarian hyperstimulation protocols and
the cancellation rates in IVF [4,5] rather than assessing OR. So
in the recent past, AMH has been considered as the best marker
for assessing the ovarian reserve.
The anti mullerian hormone / mullerian inhibiting substance (AMH/
MIS) is a glycoprotein dimer which consists of 72 KD monomers
which are linked by disulphide bonds. It belongs to the member
of the Transforming Growth Factor (TGF) superfamily.
During the foetal development, the embryo consists of mullerian and wolfian ducts. The mullerian ducts are the precursors of
the uterus, the fallopian tubes and the upper part of the vagina
and the wolfian ducts give rise to the epididymis and the seminal
vesicles. In males, during the embryonic development, AMH is
secreted by the Sertoli cells of the testis and it is responsible for
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the regression of the mullerian ducts. In the female embryogenesis , the absence of AMH /MIS allows the development of the
female sex organs. After birth, AMH is produced in small amounts
by the ovarian granulosa cells and it becomes undetectable after menopause. Recently, it is been shown that AMH inhibits the
recruitment of the primordial follicles and that it decreases the
responsivenesss of the growing follicles to the FSH [6].
In contrast to most of the hormonal biomarkers with a follicular
status, AMH is exclusively produced by the granulosa cells, with
the follicles ranging from the primary to the early antral stages.
So, it has been shown that the AMH concentration in the serum
is directly related to the antral follicle count and that it is a better
indicator of the ovarian reserve than the 3rd day FSH, Inhibin B or
the oestradiol levels.
The concentration of AMH is higher in the small antral follicles
than in the preovulatory follicles, suggesting that the circulating
AMH levels reflect both the quantity and the quality of the remaining follicles [7]. Since, there is no change in the AMH levels in
response to the gonodatrophins, it can be measured throughout
the cycle in contrast to the other hormones- the AMH intracycle
and the cycle to cycle variation is also negligible. All these features support the feasibility of the AMH assessment throughout
the cycle [8]. With this back ground, this work was focused on
assessing the AMH levels in fertile and subfertile women with
regular menstrual cycles.

Materials and Methods
The subjects in this study included regular menstruating women
with a cycle length of 28-35 days. Thirty fertile women (Group 1)
with their ages ranging from 26-31 yrs and thirty subfertile women
(Group 2) with their ages ranging from 29-33yrs were included in
this study. After obtaining the institutional ethical committee clear-

ance and an informed consent from all the participants who were
involved in this study, 3 ml of intravenous blood was taken from
each participant. The serum samples were kept at -200C and hormones like FSH, E2 on day 3 and AMH were assayed. The ovarian
volume and the antral follicular count were measured by doing a
trans vaginal ultrasonogram.
The FSH levels were analyzed by using MONOBIND Inc, E2 by
Biosource , beljium. AMH was estimated by an enzymatically amplified, two site immunoassay (Diagnostic system Lab Beckman
coulter USA) with a sensitivity of 1pM or 0.14ng/ml. A correlation
test and a test of significance were performed between the variables by using SPSS (Social Package for Statistical Sciences).
Exclusion criteria: Subjects with thyroid disorders and a history
of an ovarian surgery, Diabetes mellitus, PCOS and male partner
infertility were excluded from this study.

RESULTS
Elevated FSH levels, low AMH levels and low ovarian volumes and
AFCs were seen in the subfertile women than in the fertile women.
The antral follicular count negatively correlated with age (r=-0.557,
p=0.001). The ovarian volume positively correlated with the AFC
(r=0.708,p=0.000) and it negatively correlated with age (r=-0.278,
p=0.075). The FSH negatively correlated with the AFC (r= -0.182,
p=0.061).
The anti mullerian hormone negatively correlated with age (r=
-0.263, p=0.005) and it positively correlated with the AFC (r=
0.303 , p=002), as has been shown in [Table/Fig-1].
The mean values of AFC and AMH were low in the subfertile group
and a higher value of FSH was observed in group 2. Their mean
values showed statistical significance between the two groups, as
has been shown in [Table/Fig-2].

AGE

BMI

OV/TVS

AFC

FSH

E2

AMH

AGE

1

-0.002 0.990

-.278
0.075

-0.557**
0.001

0.106
0.276

0.109
0.264

-0.267
0.005

BMI

0.002
0.990

1

0.194
0.218

0.034
0.858

0.154
0.113

0.072
0.464

0.136
0.163

OV/TVS

-.278
0.075

0.194
0.218

1

0.708**
0.000

0.182
0.075

0.067
0.405

0.278
0.075

AFC

-0.557**
0.001

0.038
0.858

0.708**
0.000

1

-0.182
0.061

-0.216
0.091

0.303
0.002

FSH

0.106
0.276

0.154
0.113

0.182
0.075

-0.182
0.061

1

0.078
0.467

0.220
0.023

E2

0.109
0.264

0.072
0.464

0.067
0.405

-0.216
0.091

0.078
0.467

1

0.036
0.716

AMH

-0.267
0.005*

0.136
0.163

0.278
0.075

0.303
0.002*

0.220
0.023

0.036
0.716

1

[Table/Fig-1]: Bivariate Correlation Test Between the Variables
Fertile-1

Sub Fertile-2

Student t-Test

AGE (YRS)

29.1± 2.56

31.75± 2.16

0.001

BMI (kg/m2)

24.5± 2.07

23.05± 1.96

NS

OV (Cm3)

11.8± 3.5

9.40 ±2.96

NS

AFC

9.1± 4.56

7.1± 3.5

0.001

FSH mIu / mL

7.0 ±2.6

9.5± 3.1

0.025

E2 Pg/mL

139± 56

156 ± 67

NS

3.697 ±1.6

2.911 ±0.98

0.001

AMH ng/mL

[Table/Fig-2]: Test of Significance Between Group 1 and Group 2
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Discussion
Elevated FSH levels, low AMH levels, and low ovarian volumes
and AFCs were seen in the subfertile women than in the fertile
women. A significant number of women with normal FSH values
had reduced egg supplies. The lower egg supply was not reflected in their FSH values [9]. The level of FSH has been proven
to increase with the age of the follicles and its fluctuation in the
day 3 FSH levels makes the ovarian reserve estimation difficult
.Its higher levels represent a declining OR and an increased day
3 FSH level is considered as a late indicator of the marked de1637
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creased fertility potential [3]. The elevated basal oestradiol levels
poorly predict the OR, even when the basal level is normal. So,
the third day oestradiol level in the prediction of the ovarian reserve is still debatable [10]. As with FSH , the oestradiol testing is
also available and however, it is never used alone as a biomarker
for assessing the OR. Even in women with regular periods, mobilization of the patients for the 3 rd day sampling is difficult and
that is why the AFC and the AMH values are considered to be
more significant [9].
The antral follicular count, even though it is an indirect measurement of the ovarian reserve, is a useful tool and it is rather superior to the basal oestradiol level in the prediction of a poor ovarian
response. The AFC visualization with a transvaginal ultrasonogram is practically difficult, as it requires a 3D ultra sonogram
which may not be available at many centres.
In this study, the number of antral follicles which were 2-10mm
in diameter, as was measured by vaginal sonography during the
early follicular phase, appeared to correlate well with age in a
selected group of women who had regular cycles. The number
of antral follicles also correlated with the presumed basal markers
for the reproductive age, which included the FSH and the ovarian volume.
With regards to the ovarian volume, a low value correlates with
the number of growing follicles but not with the number of oocytes which are retrieved [11]. The human ovary changes its size,
shape and activity throughtout its life. The largest published data
on the ovarian volume, which was related to age [12], showed a
statistically significant decrease in the ovarian volume with each
decade of life, from 30 to 70 years. In a study on both fertile and
infertile women who were aged 35-45 years, a negative correlation between the mean ovarian volume and age was seen in both
the groups [13].
But interestingly, the basal FSH and the antral follicle count values
did not differ between the infertile and the fertile women. But in
this study, the mean basal FSH and the mean AFC values were
different between the fertile and the infertile groups.
The most appropriate serum marker is the one that reflects the
number of follicles that have made their transition from the primordial pool into the growing follicle pool, during the gonadotrophin – independent phase, prior to the follicular recruitment. At
present, AMH seems to fulfill this requirement completely and it
has the advantage of cycle independence.
Our study showed that as the age advanced, the AMH level decreased. This finding was found to correlate with the findings of
many studies [14,15] and also with the basal FSH values. In sub
fertile women, the level of AMH is significantly lower as compared
to that in fertile women. A slight positive correlation of AMH with
the AFC and the ovarian volume was also observed and a significant reduction of AMH was observed in the subfertile group.
The average level of AMH for a women who is aged 35 years is
2.0ng/ml. A low AMH level which is less than 1.0ng/ml indicates
a decreased ovarian reserve, particularly when it is associated
with a low AFC of less than [8-10,16]. AMH, which is produced
by the granulosa cells of the recruited follicles, has been identified
as a regulator of the recruitment , it prevents the depletion of all
the primordial follicle pools at once and it has been suggested as
a better predictor of the ovarian response [16].
1638
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AMH is the only marker of the ovarian reserve that can be tested
in both the follicular as well as the luteal phases, As it is cycle
independent [17]. Moreover, its sampling is easy as compared to
the ovarian volume and the AFC, which require technical experts
to assess them and also the avaibility of a 3D ultrasonogram.
AMH may be used as a marker to assess the ovarian reserve in
future , although much work is needed to be done on it before it
can be routinely used.

CONCLUSION
Elevated FSH levels were seen in subfertile women than in the fertile women. The AMH level was significantly lower in the subfertile
women than in the fertile women. AMH can be considered as a
marker for assessing the ovarian reserve in women with normal
menstrual cycles, as it is cycle independent as compared to the
other hormones like FSH. The women with low levels of AMH
in the subfertile group should be insisted to proceed for ART as
early as possible. The relationship between the AMH levels and
the ovarian response during the ovarian stimulation for IVF requires further extended studies.
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