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ABSTRACT
Background: Main causes of infertility include diminished ovarian reserve. Diminished ovarian reserve is about
availability 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. The objective of the study was to find out the ovarian reserve and also to
correlate the ovarian reserve indicators with different age groups of infertile women.
Methods: This prospective study was conducted at Karpaga Vinayaga Institute of Medical Sciences,
Madhurantagam, Chennai, Tamilnadu, India during the period of January 2014 to April 2016. The study comprises of
100 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.
Results: In the present study, ovarian reserve markers had shown significant variation with age in infertile women. Of
the markers considered, progesterone, anti-mullerian hormone (AMH) and antral follicle count (AFC) exhibited
significant correlation with age. Luteinizing hormone (LH), follicle-stimulating hormone (FSH) with AFC did not
show any significant association with age compared to AMH, progesterone and AFC.
Conclusions: Our study results also indicate that serum AMH measurement is better predictor for the number of early
antral follicles than conventional hormone measurements. Using AMH measurement in combination with AFC may
improve the assessment of ovarian reserve for evaluating the fertility potential and monitoring infertility treatment.
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INTRODUCTION
Female reproductive function presumes that the ovary
contains a finite number of oocytes within primordial
follicles and their depletion precedes and indicates the
approach of menopause.1 This pool of primordial follicles
is formed during fetal life from approximately 18 weeks
gestation. 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. Accurate measurement of the ovarian
reserve has long been a quest in reproductive medicine.
In recent years a dramatic increase in research has been
seen. A large part is fuelled by measurement of anti
mullerian hormone (AMH) is more accurate than the
other hormones. While inhibin B shows good prediction
of oocyte.2,3 It has therefore not supplanted folliclestimulating hormone (FSH) as the most widely used
marker of the ovarian reserve despite the latter hormone’s
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well-recognized limitations. 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
variablity. 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.4
There are different tests to diagnose ovarian reserve.
Traditionally, the age, follicle stimulating hormone
(FSH), mid leuteal progesterone, estradiol (E2) levels and
antral follicle count (AFC) by ultrasound at early
follicular phase were used for evaluation of ovarian
reserve. At present the available tests for ovarian reserve
include



Biochemical markers: FSH, Estradiol, AMH,
Inhibin B.
Ovarian ultrasound imaging: AFC, Ovarian
volume.

Since age is only a rough estimate of ovarian reserve,
many tests, such as FSH, lutenizing hormone (LH),
inhibin, antral follicle count (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. Hence we
planned the present study to find out the ovarian reserve
by measuring anti mullerian hormone (AMH), mid luteal
progesterone levels, LH, follicle stimulating hormone
FSH and AFC and also to find out correlation of the
ovarian reserve indicators with different age groups of
infertile women.

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. Women with primary
infertility with pure polycystic ovary syndrome will be
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.5 Two out of three of the following are
required for diagnosis: oligo and/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. 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 congenital
adrenal hyperplasia, cushing’s syndrome, androgensecreting tumors, known hypothyroidism on treatment
and intake of any medication affecting endocrinal
parameters were excluded from the study.
On 2-3 days of spontaneous menstrual cycle, all patients
had a transvaginal scan by the same investigator using 410 MHZ 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 21st day of the menstrual cycle.
Laboratory investigations

METHODS
This prospective study was conducted at Karpaga
Vinayaga Institute of Medical Sciences, Madhurantagam,
Chennai, Tamilnadu, India during the period of January
2014 to April 2016. The study comprises of 100 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 pre-tested
questionnaire and the data was noted. The study was
approved by Karpaga Vinayaga Institute of Medical
Sciences,
Institutional
Ethics
Committee,
Madhurantagam, Tamilnadu, India. Written and informed
consent was obtained from all the participants in the
study.

Fasting blood samples were collected in plain tubes.
About 5 ml of blood was collected from the antecubital
vein. Blood samples were centrifuged at 3500 rpm for 10
min to separate serum. Hormones like AMH, LH, FSH
and progesterone hormone was measured by enzyme
linked fluorescent immunoassay (ELFA) method using
on the mini VIDAS instrument.
Reference ranges
1.






Anti mullerian hormone (AMH)
Optimal fertility: 4.0 to 6.8 ng/ml
Satisfactory fertility: 2.2 to 4.0 ng/ml
Low fertility: 0.3 to 2.2 ng/ml
Very low fertility: 0.0 to 0.3 ng/ml
High levels: >6.8 ng/ml

2.


Progesterone
Follicular phase: 0.2 to 1.4 ng/ml
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Luteal phase: 4 to 25 ng/ml
Menopause: 0.1 to 1 ng/ml

three age groups. The p-value of ˂0.05 was considered to
be statistically significant.

3.

FSH (Folicular stimulating hormone): 3.0-13.0
mIU/ml

RESULTS

4.

LH (Luteinizing hormone): 0.5-10.5 mIU/ml

5.

AFC (Antral follicle count): Total >9 follicles in
both the ovaries.

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 ˂0.05 was considered to be
statistically significant. Pearson correlation was done for
the comparison of parameters among infertile women of

A total of 100 infertile women were enrolled for the
study. All the study subjects were divided into three age
groups. Group I includes women of age 26 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.
Table 1 shows the mean and standard deviation of body
mass index (BMI), AMH, AFC, LH, FSH and
progesterone levels in infertile women of 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.

Table 1: Statical analysis by ANOVA and post HOC comparison by Tukey HSD test comparisons of parameters in
three age groups.
Age groups
Group I ≤26 years
Group II 27-35 years
Group III >36 years

BMI
26.123.759a
27.085.306a
27.552.970a

AMH
15.625.464a
19.985.428b
17.866.369a

AFC
13.482.41a
14.292.89b
15.642.248c

Progesterone
7.801.352a
6.201.946b
4.720.857c

LH
7.081.639a
7.502.625a
9.972.645b

FSH
5.121.159a
5.571.497b
8.472.734c

Note: Values are expressed as meansS.D. in each group. Values not sharing a common superscript differ significantly at p<0.05 (Post
Hoc: Tukey HSD test).

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.
25

AMH
AFC

20

Progesterone

Figure 2: Mean values of AMH in three
different age groups.

15
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0

Group I ( ≤ 26 )

Group II (27 – 35)

Group III ( ≥ 35)

Figure 1: Comparison of AMH, AFH and
progesterone levels among 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).
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Figure 3: Mean values of AFC in three different age
groups.

Figure 4: Mean values of progesterone in three
different age groups.

Table 2: Pearson correlation test for all the parameters among infertile women.

Age
BMI
AMH
AFC
Progesterone
LH
FSH

Age
1
-0.184
0.066
0.076
0.447
0.196*
0.050
-0.606**
0.00
0.295**
0.003
0.358**
0.00

BMI
0.184
0.066
1
-0.156
0.120
0.098
0.329
0.015
0.884
0.030
0.769
-0.082
0.413

AMH
0.076
0.447
0.156
0.120
1
-0.373**
0.000
-0.027
0.792
-0.115
0.253
-0.104
0.301

From the data present in Table 2, it is evident that AMH,
AFC and mid-luteal progesterone levels were having very
good association. There AMH, AFC and progesterone
levels are the reliable markers in diagnosis and prognosis
of infertility assessment in different age groups.
DISCUSSION
In the present study, ovarian reserve markers had shown
variation with age in infertile women. 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.6,7,8 It is interesting to

AFC
0.196*
0.050
0.098
0.329
0.373**
0.00
1
-0.071
0.480
0.028
0.783
0.103
0.307

Progesterone
-0.606**
0.00
0.015
0.884
-0.027
0.792
0.071
0.480
1
--0.182
0.068
-0.251*
0.011

LH
0.295**
0.003
0.030
0.769
-0.115
0.253
0.028
0.783
-0.182
0.068
1
-0.162
.105

FSH
0.358**
0.000
-0.082
0.413
-0.104
0.301
0.103
0.307
-0.251*
0.011
0.162
0.105
1
--

note, that in this study low serum AMH values was
observed which was statistically significant in all the
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. These findings were on par with the
study done by de Vet et al.9 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 (rs=0.38, p <0.0001). Thus,
with the age AMH and AFC values strongly decline and
the FSH levels moderately increase. The results of de Vet
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et al. also suggest that changes in serum AMH levels
occur relatively early in the sequence of events associated
with ovarian aging.9 Elevated serum levels of FSH are not
found until cycles become irregular.10 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.

ovarian reserve for evaluating the fertility potential and
monitoring infertility treatment.

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.11,12

1.

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.13,14 It has been reported
that human antral follicles measuring <6 mm express the
great amount of AMH, and levels decline with antral
follicles increase in size.15 In the study by Goksedef et al,
the best correlation was found between AMH levels and
5-6 mm antral follicles.16
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 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, or 97.2 and
95.5 % using the NIH criteria.17 Indeed, AMH levels
correlate independently with both PCO morphology and
androgenic profile.18 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.19,20
CONCLUSION
As our results indicate serum AMH levels are strongly
related with AFC, among ovarian reserve assessment
tests used in modern practice AMH levels should be
considered to be more reliable. This study also reported
that serum AMH measurement is better predictor for the
number of early antral follicles than conventional
hormone measurements. Using AMH measurement in
combination with AFC may improve the assessment of
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