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Abstract
In recent years assessment of “ovarian reserve” became a strategy in treatment of female infertility. Accurate
measurement of the ovarian reserve has long been a quest in reproductive medicine and recent years have seen a
dramatic increase in research in this field. The measurement of anti-Mullerian hormone (AMH) in serum is a much
more accurate measure of the ovarian reserve than the other hormones that have previously been available to us.
The general purpose of ovarian reserve testing is to assess the quality and quantity of remaining oocytes in an
attempt to predict the reproductive potential. The objectives of our study was i).To find out the ovarian reserve by
measuring anti mullerian hormone (AMH), mid luteal progesterone levels, lutenizing hormone (LH), follicle
stimulating hormone (FSH) and antral follicle count (AFC). ii).To correlate the ovarian reserve indicators with
different age groups of infertile women. iii).To identify most reliable markers of ovarian reserve. The study
comprises of 101 newly diagnosed PCOS women and they were all divided into three age groups. Group I consists
of infertile women who were under the age of 26 years or less than 26 years. Group II consists of infertile women
of age range between 27 to 35 years. Group III consists of infertile women who are 36 years and greater than 36
years of age. Patient history, health problem, other details were collected from each participant by using a pretested questionnaire and the data was noted. SPSS 20.0 version was used for statistical analysis. All the results were
tabulated as mean and standard deviation. Comparisons between groups were performed by ANOVA, further post
hoc comparisons were done by Tukey HSD test. Our results indicate serum AMH levels are having positive
correlation with AFC, and also this relationship appears to be more significant. In our study serum AMH and the
number of antral follicle measurements appears to be better predictors than conventional hormone assessments (like
LH, FSH). The present study has revealed the importance of AMH, mid luteal progesterone and AFC as novel
markers for ovarian reserve in the diagnosis and treatment of infertile women. In modern practice ovarian reserve
assessment has a great value in the management of infertility.
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Introduction
Our current understanding of female
reproductive function presumes that the ovary
J Med. Sci. Tech.
ISSN: 1694-1217 JMST. An open access journal

© RA Publications

contains a finite number of oocytes within primordial
follicles and that their depletion proceeds and
indicates the approach of menopause [1]. This pool
of primordial follicles is formed during fetal life from
approximately 18 weeks gestation, following
oogonial proliferation, entry and arrest in meiosis,
and interaction with somatic cells. A small number of
this resting pool of primordial follicles is activated
into growth every day throughout the reproductive
life span of a woman with the vast majority destined
to undergo atresia [1, 2]. Before puberty all growing
follicles will become atretic, and after puberty only
one a month may escape this fate and progress to
ovulation. The pool of resting follicles is the true
ovarian reserve.
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ultrasound at early follicular phase were used for
evaluation of ovarian reserve.
At present the available tests for ovarian reserve
include
1. Biochemical markers-serum FSH, serum Estradiol,
AMH, Inhibin B and
2. Ovarian ultrasound imaging-AFC, Ovarian
volume.
For example, the elevated serum FSH levels
on day 3 of the menstrual cycle, low ovarian volume,
an antral follicle count <5 per ovary and low inhibin
B levels, <5 oocytes retrieved during an assisted
reproductive technology (ART) cycle, are considered
as a standard for decreased ovarian reserve. A new
test for the assessment of decreased ovarian reserve
is levels of anti-Mullerian hormone (AMH) [10 -12].
AMH, a member of the transforming growth factor,
secreted in the human ovary by granulosa cells of
primary growing follicles until the early antral stage.
In females AMH regulates the growth of primary
follicles by inhibiting further recruitment of other
follicles during folliculogenesis. Serum AMH levels
decline with increasing age and undetectable after
menopause. AMH also decrease even before slight
increase in baseline FSH [13-15].
FSH mostly indicates the past two week’s
follicular maturation. Whereas AMH indicates the
pool of preantral follicles to the phase of
folliculogenesis. Since age is only a rough estimate
of ovarian reserve, many tests, such as FSH, LH,
inhibin, AFC and total ovarian volumes, have been
develop to predict ovarian reserve more precisely. A
combination of tests can provide more accurate
information of ovarian reserve. The AFC by
ultrasound is promising and facilitates clinical use.
The objectives of our study was
1. To find out the ovarian reserve by measuring anti
mullerian hormone (AMH), mid luteal progesterone
levels, lutenizing hormone (LH), follicle stimulating
hormone (FSH) and antral follicle count (AFC).
2. To correlate the ovarian reserve indicators with
different age groups of infertile women.
3. To identify most reliable markers of ovarian reserve.
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For this study purpose and recruitment of
patients, visited places like public health centers
(PHC), rural and urban health centers in different
parts of the Andhra and Telangana districts. The
study was conducted from the heterogeneous
population. Women who are having the history of
infertility, newly diagnosed infertility cases and those
with primary infertility, were invited to Thumbay
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This growing pool is perhaps better termed
the functional ovarian reserve. One of the main
causes of infertility is diminished ovarian reserve. In
other words ovarian reserve is presence of number of
good quality pre ovulatory oocytes in the ovaries. As
a woman ages, her ovarian reserve decreases. In
recent years assessment of “ovarian reserve” became
a strategy in treatment of female infertility. Although
the true and functional ovarian reserves reflect
different stages of follicular development, they are
inherently linked and both decline in parallel with
increasing age. Accurate measurement of the ovarian
reserve has long been a quest in reproductive
medicine and recent years have seen a dramatic
increase in research in this field, a large part of which
has been fuelled by the recognition that measurement
of anti-Mullerian hormone (AMH) in serum is a
much more accurate measure of the ovarian reserve
than the other hormones that have previously been
available to us. Inhibin B also said to be a good
predictor of oocyte yield after superovulation [3-5],
requires measurement in the early follicular phase of
the menstrual cycle and only decreases late in the
reproductive years [6-8]. It has therefore not
supplanted FSH as the most widely used marker of
the ovarian reserve despite the latter hormone’s wellrecognized limitations. Factors such as genetic,
lifestyle,
medical
issues-ovarian
surgery,
chemotherapy, radiation, environmental factors can
influence quantity and quality of a woman's oocytes.
The age also appears to be a good marker for
oocyte quality. Young women with diminished
ovarian reserve may indicate reduced oocyte number
but may have normal oocyte quality, while older
women with normal ovarian reserve may have good
number of oocytes but an age appropriate decrease in
oocyte quality.
The general purpose of ovarian reserve
testing is to assess the quality and quantity of
remaining oocytes in an attempt to predict the
reproductive potential. The availability of a test
capable of providing reliable information regarding a
woman's individual ovarian reserve within a certain
age category would enable the clinician to provide an
individually tailored treatment plan. The ideal
screening test should be reproducible with low
intercycle and intracycle variability. It should also
demonstrate high specificity to minimize the risk of
false positive determination of decreased ovarian
reserve in a woman with normal ovarian reserve [9].
There are different tests to diagnose ovarian
reserve. Traditionally, the age, follicle stimulating
hormone (FSH), mid leuteal progesterone, estradiol
(E2) levels andantral follicle count (AFC) by

Study Design
This prospective study was conducted at Thumbay
New Life Hospitals, Hyderabad, Telangana, India.
The study comprises of 101newly diagnosed PCOS
women and they were all divided into three age
groups. Group I consists of infertile women who
were under the age of 26 years or less than 26 years.
Group II consists of infertile women of age range
between 27 to 35 years. Group III consists of infertile
women who are 36 years and greater than 36 years of
age. Patient history, health problem, other details
were collected from each participant by using a pretested questionnaire and the data was noted.
Ethical Considerations
The study was approved by Hospital-Institutional
Ethics Committee. An informed consent was
obtained from all the participants in the study.
Anthropometric data
Standard anthropometric data like age, height, weight
were measured and noted from each subject. The
BMI was calculated as the weight in kilograms
divided by the square of height in meters.
Inclusion and Exclusion Criterion

Women with primary infertility with pure polycystic
ovary syndrome were recruited for the study. Women
with Secondary infertility, pelvic inflammatory
diseases, endometriosis, other pelvic pathology and
those women who are already on treatment are
excluded from the study.
Patients with previous ovarian surgery, Polycystic
Ovarian Syndrome (PCOS) and Premature Ovarian
Failure (POF) were also excluded.
Diagnosis of PCOS was made on the basis of the
Rotterdam criteria (The Rotterdam ESHRE/ASRM
2003 revised consensus, 2004). Two out of three of
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the following are required for diagnosis: oligoand/or anovulation (defined by the presence of
oligomenorrhea or amenorrhea); clinical and/or
biochemical signs of hyperandrogenism [defined by
presence of hirsutism (Ferriman–Gallwey score =6),
acne or alopecia, and/or elevated androgen levels]
and polycystic ovaries by gynecological ultrasound.
On 2-3 days of spontaneous menstrual cycle, all
patients had a transvaginal scan by the same
investigator using–Phillips
HD 7 (Thiwan,
2012year) 2–5MHz multi-frequency ultrasound
probe to assess the number of antral follicles,
measuring 2-10 mm in size and counted in each
ovary. The sum of both counts was the antral follicle
count. Levels of LH, FSH and AMH were
determined on the same days whereas progesterone
levels were measured on the 21 day of the menstrual
cycle.
Laboratory Investigation
On day 2 or 3of menstrual cycle, fasting blood
samples were collected by vein puncture in plain
tubes from the infertile women who were recruited
for the study. Blood samples were centrifuged at
3500 rpm for 10 min to separate serum. Serum was
isolated and frozen in aliquots at –20°Cuntil further
analysis. Again blood sample was collected on day
21-23 of their menstrual cycle for the assessment of
mid luteal progesterone. Hormones like anti
Mullerian Hormone (AMH), luteinizing hormone
(LH), follicle stimulating hormone (FSH) and mid
luteal progesterone hormone was measured by
chemiluminescence immunoassay (CLIA) method
using Beckman Coulter Access-2 fully automated
analyzer. The hormone kits used in the Beckman
Coulter Access analyzer (USA) were from Beckman
Coulter, Ireland. The manufacturer’s instructions and
procedure was followed for the measurement of all
the hormones.
Statistical analysis
SPSS 20.0 version was used for statistical analysis.
All the results were tabulated as mean and standard
deviation. Comparisons between groups were
performed by ANOVA, further post hoc comparisons
were done by Tukey HSD test. All the variables
followed normal distribution. The p-value
of˂0.05was considered to be statistically significant.
Pearson correlation was done for the comparison of
parameters among infertile women of three age
groups. The p-value of˂0.05 was considered to be
statistically significant. ROC (Receiver Operating
Characteristic) curve analysis was performed to
know the good biomarkers for the assessment of
ovarian reserve.
Volume 7, Issue 1
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New Life Hospital, Hyderabad for the further
evaluation and to confirm diagnosis of polycystic
ovary syndrome. Diagnosis confirmation was done
by a qualified gynecologist. The patients were
addressed as one person at a time or in small groups
of not more than 5 individuals at a time to fill the
questionnaire. Each question was explained in detail
well before hand to avoid ambiguity. The
questionnaire was supplied to the rural women in
regional language. After the clinical examination
individuals were evaluated for infertility, the
questionnaire was asked to fill by the individual. The
case study form is filled with the information
obtained. The questionnaire was given to each
individual after taking an informed consent clearly
explaining the purpose and the procedure involved in
the study.
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2. To correlate the ovarian reserve indicators with

Results

different age groups of infertile women.
Pearson correlation study revealed that there is a
strong negative correlation of progesterone with the
age of infertile women (r =-0.606 and p < 0.01)
(Table 2). LH and FSH showed positive correlation
with the age of infertile women (r = 0.295 and p <
0.01; r = 0.358 and p < 0.01 respectively). AMH
levels and antral follicle count showed strong
positive correlation (r = 0.373 and p < 0.01)
indicating that they are good markers for ovarian
reserve in infertile women (Table 2). A negative
correlation was observed between progesterone and
FSH levels (r =-0.251 and p < 0.05).

A total of 101infertilewomen were enrolled
for the study. All the study subjects were divided into
three age groups. Group I includes women of age26
or less than 26 years, group II contains women
between the age of 27 to 35 years and group III
contains women of age 36 and above 36 years.

1. To find out the ovarian reserve by measuring anti
mullerian
hormone
(AMH),
mid
luteal
progesterone levels, lutenizing hormone (LH),
follicle stimulating hormone (FSH) and antral
follicle count (AFC).
Table 1 shows the mean and standard deviation of
BMI, AMH, antral follicle count (AFC), LH, FSH
and progesterone levels in infertile women of three
different age groups. One way analysis of variance
was used for the statistical analysis further post hoc
comparisons were done by Tukey HSD test to find
out the statistical significance between and within the
three different age groups. The mean serum AMH
levels were elevated in group I and group II while
there is a slight decrease in group III.AFC, FSH
levels showed consistent increase with the increase in
age of infertile women, whereas mid-luteal
progesterone levels showed consistent decrease with
the increase in age of infertile women. Figure 1
shows the comparison of AMH, AFC and
progesterone levels in infertile women of different
age groups. Figure 2, 3, and 4 shows the mean plots
of AMH, AFC and progesterone levels in three age
groups of infertile women.

3. To identify most reliable markers of ovarian
reserve
From the data present in table 2, it is evident that
AMH, AFC and mid-luteal progesterone levels were
having very good association. Therefore it can be
suggested that AMH, AFC and were having very
good association. Therefore it can be suggested that
AMH, AFC and progesterone levels are the reliable
markers in diagnosis and prognosis of infertility
assessment progesterone in different age groups.
ROC (Receiver Operating Characteristic) curve
(Figure–5) analysis was performed to identify good
biomarker for the decreased ovarian reserve in
infertile women of different age groups. Table 3
presents the characteristic features of AMH and AFC
showed more area under curve indicates that they are
good markers in assessing ovarian reserve.
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Table 1: Statistical analysis by ANOVA and Post HOC comparison by Tukey HSD test comparisons of
parameters in three age groups. Note: Values are expressed as means±S.D. in each group. Values not sharing
a common superscript differ significantly at p<0.05 (Post Hoc: Tukey HSD test).
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Table 2: Pearson correlation test for all the parameters among infertile women

Table 3: ROC curve analysis

Page

21

Figure 5: ROC analysis shows area under curve for BMI, AMH, AFC, Progesterone, LH and FSH in infertile women
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Conclusion
In modern practice ovarian reserve
assessment has a great value in the management of
infertility. Our results indicate serum AMH levels are
having positive correlation with AFC, and also this
relationship appears to be more significant. In our
study serum AMH and the number of antral follicle
measurements appears to be better predictors than
conventional hormone assessments (like LH, FSH).
Using AMH measurement in combination with AFC
may improve the assessment of ovarian reserve for
evaluating the fertility potential and monitoring
infertility treatment.
The present study has revealed the
importance of AMH, mid luteal progesterone and
AFC as novel markers for ovarian reserve in the
diagnosis and treatment of infertile women. As
limited data is available on the ovarian reserve
indicators in infertile women of Nellore, Andhra
Volume 7, Issue 1
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In this study, we evaluated how serum
markers of ovarian reserve show variation with age
in infertile women of Nellore, Andhra Pradesh. Of
the markers considered, progesterone, AMH and
AFC exhibited significant correlation with age. LH,
FSH with AFC did not show any significant
association with age compared to AMH,
progesterone and AFC. Therefore, the data do not
provide support for them as markers of ovarian
reserve. The results obtained through our study show,
that ovarian reserve assessment tests in each age
group reflect age-specific changes. Above mentioned
trends are also confirmed by other researchers [1619]. It is interesting to note, that in our study AMH
values were statistically significantly different from
each other in all three age groups; whereas AFC
values were statistically significantly higher in the
group III compared with the group I, and in the group
II compared with the group III; LH levels were
statistically significantly higher only in group III
compared with the group I. Thus, we can note that,
AMH values better reflect age- specific changes, than
other indicators. Our findings are relative with the
study of de Vet et al [6]. where in early follicular
phase hormone measurements at 3-year intervals
revealed that serum AMH levels decline significantly
whereas, we examined relationships between the age
and ovarian reserve indicators in the whole study
group and found that: age is in high significant
negative correlation with AMH level and AFC, and
in high significant positive correlation with FSH.
However, the relation between the age and FSH was
moderate (p<0.01). Thus, with the age AMH and
AFC values strongly decline and the FSH levels
moderately increase. The results of de Vet et al. also
suggest that changes in serum AMH levels occur
relatively early in the sequence of events associated
with ovarian aging [6]. Elevated serum levels of FSH
are not found until cycles become irregular [15,1820]. Therefore, a marker that already shows a
considerable change when cyclicity is still normal,
would better identify women with declining fertility.
Above mentioned results strongly suggest, that serum
AMH level can be used as a marker of ovarian aging.
In difference from the total study group comparison
analysis within groups revealed quite interesting data
in the group I and the most sensitive age group II
(35-40 years), where the correlation between serum
FSH levels and AFC was not statistically significant.
Whereas AMH and AFC in all three study groups
correlate positively and statistically significant. This

positive correlation is confirmed by other researchers
too [21-24].
Despite the fact, that at present there is no
agreement on identification of the antral follicles by
size, the majority of researchers imply the amount of
2-10 mm follicles counted in early follicular phase
[25-27]. It has been reported that human antral
follicles measuring <6mm express the great amount
of AMH, and levels decline with antral follicles
increase in size [17, 20]. In the study by Goksedef et
al. the best correlation was found between AMH
levels and5-6 mm antral follicles [15].
In our study the number of 2-10 mm antral
follicles was counted in early follicular phase and
positive correlation between AMH and AFC values
with high significance was found in all age groups.
According to data of one of the recent studies there
Anti-Mullerian hormone (AMH) has recently been
proposed as a parameter to replace ultrasonographic
assessment of PCO morphology, with specificity and
sensitivity of 97.1 and 94.6 % when using the
Rotterdam criteria, or97.2 and 95.5 % using the NIH
criteria [7, 23, 26]. Indeed, AMH levels correlate
independently with both PCO morphology and
androgenic profile [4, 22, 26]. Another parameter
proposed as an adjunct to PCO morphology is an
assessment of the ovarian stromal volume, measured
as a ratio of the stromal area to total area of the ovary
(S/A ratio). Although this S/A ratio performed well
when discriminating between women with and
without PCOS, and correlated with androgen levels,
it has not been adopted as part of any of the existing
diagnostic criteria [8, 13, 27-28].
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