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Abstract : Increasing female literacy and employment have resulted in a
clear rise in the age at which women conceive. As fertility starts to decline
with advancing age more and more number of women are facing the
problem of infertility and are seeking medical attention to over come this
problem. This resulted in more number of women seeking medical help to
over come the problem of Infertility. This age related decline in ovarian
reserve is not uniform in all women of reproductive age. A number of
ovarian reserve tests were developed to overcome this problem. But to date
there is no ideal marker for predicting ovarian reserve and pregnancy
outcome in assisted reproductive technology program (ART). Recent studies
indicate that anti mullein hormone is a promising marker for predicting
ovarian reserve and pregnancy out come. The aim of this study was to
assess the influence of age on Anti-Mullerian Hormone (AMH) in ART
program outcomes. Ninety-three subjects in the age group of 25 to 42 years
were recruited to the study. All these subjects underwent controlled ovarian
stimulation (COS) and later intracytoplasmic sperm injection (ICSI). Subjects
were divided into four groups. AMH levels in positive and negative pregnancy
subjects in the above and below 35years age groups were compared. AMH
levels were correlated with other ovarian reserve parameters and clinical
pregnancy out come in both the age groups. Statistically significant
differences were found in AMH levels between positive and negative
pregnancy subjects in the age group of 35 and above, but not in the age
group below 35 years. There were positive correlations between AMH and
other ovarian reserve markers and clinical pregnancy outcome in this age
group. AMH and the number of retrieved oocytes (r=0.784, P<0.01), Antral
Follicle count (AFC) (r=0.749, P<0.01) and Mature Oocytes (MII) (r=0.407,
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INTRODUCTION

Increasing  female  l i teracy  and
employment have resulted in a clear rise in
the age at  which women conceive.  As
fertility starts to decline with advancing age
more and more number of women are facing
the problem of infertility and are seeking
medical attention to over come this problem
(1). This decline in fertility is predominantly
due to  reduced ovar ian reserve  with
increasing age. It has been shown that the
rate of  ovarian reserve decl ine varies
considerably between individual women
making it a challenge to design tests that
estimate an individual’s reproductive lifespan
at a given age (1). A reliable marker for the
age at which sub-fertility will occur would
have great potential value as predictor of
future reproductive lifespan. The ideal
marker would show a significant change in
levels from adolescence to late reproductive
period (2). The primary value of ovarian
reserve markers is to provide assistance in
selecting an appropriate protocol and/or
initial dose of gonadotrophin for controlled
ovarian stimulation (COS) in IVF cycles.
Some studies indicate that some of the
biomarkers used for assessing ovarian
reserve can also be used as predictors of
pregnancy outcome in assisted reproduction
programs (3, 4).

Recent  studies  indicate  that  Ant i
mullerian hormone (AMH), a glycoprotein
can be used as a promising marker for
predicting ovarian reserve and pregnancy

outcome (5,  6,  and 7) .  Anti  mullerian
hormone (AMH) is a dimeric Glycoprotein
belonging to the transforming growth factor
(TGF–β) super family, which acts on tissue
growth and differentiation. In the female it
is a product of the granulosa cells from pre-
antral and small antral follicles (8). In
females, AMH appears to have inhibitory
effect upon the recruitment of primordial
follicles and it may decrease the sensitivity
of large pre antral and small antral follicles
to FSH. AMH expression declines as antral
foll icles increase in size with nominal
expression restricted to the granulosa cells
of the cumulus. This loss of AMH expression
during the FSH dependent final stages of
follicular growth, and the lack of expression
by atretic follicles suggest that basal levels
of AMH may more accurately reflect the total
developing follicular cohort and consequently
potent ia l  ovar ian response  to  FSH.
Furthermore AMH has been shown not to
f luctuate  across  the  menstrual  cyc le
consistent with its  role  ref lecting the
continuous non-cycl ic  growth of  small
follicles in the ovary (3). In harmony with
the established relation ship between age and
declining ovarian reserve, AMH falls linearly
with  increasing  age .  This  occurs  in
conjuction with reductions in the antral
follicular count, which is strongly correlated,
to plasma AMH levels. AMH has consequently
been explored as a predictor of ovarian
response to FSH and oocyte quality in cycles
of ART (9). More over AMH levels have
better cycle-to-cycle reproducibility. Some
recent studies have shown AMH as predictor

P<0.01) followed by Grade-I Embryos (r=0.433, P<0.01). The current study
revealed that AMH levels are better correlated with ovarian reserve and
clinical pregnancy out come in subjects aged 35 years and above.
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of pregnancy outcome in assisted reproductive
techniques (10, 11). This present study is
designed to assess the impact of age on anti-
mullerian hormone (AMH) as a predictor of
ovarian reserve and IVF outcome.

MATERIALS AND METHODS

This observational cross sectional study
includes 93 female subjects aged between 25
and 42 years who were undergoing their first
cycle of IVF/ICSI (intra cytoplasmic sperm
injection) program at centre for infertility
management and assisted reproduction
(CIMAR) Kerala, India from 1st January to
31st December 2010. The initial survey for
the etiology of infertility included a routine
gynaecological examination, a basic vaginal
ultrasound,  hysterosalpingography or
Laparoscopy for evaluation of tubal factors,
HbA1c and semen analysis of the male
partner. Baseline hormone profiles including
serum levels of estradiol, progesterone, FSH,
LH and AMH were determined on day three
of the previous cycle. The antral follicle
count (AFC) measurements were performed
on days 3-5 of the menstrual cycle. Antral
follicles within the bilateral ovaries between
2-5 mm in diameter were recorded. A 8 MHz
transvaginal probe was utilized for all USG
examinations. Serum FSH and LH were
measured using a specific  immumetric
assay kit (Immulite; Diagnostic products
corporation, Los Angeles CA, USA). Estradiol
and progesterone were also measured by
competitive immunoassay using the Immulite
kit. Measurement of serum AMH levels was
performed using AMH/MIS ELISA kit
(Diagnostic systems Lab, Webster Texas,
USA). Ovarian stimulation was effected with
exogenous gonadotrophin in the form of
Recombinant  Fol l i trophin β  ( rec -FSH

puregon, Organon Germany) or menotrophin
(LG IVF M, LG Life sciences Korea) from
day 2 of the menstrual cycle.

The starting dose of gonadotrophin for
patients under 35 years age was 150 IU/day
and for patients over 35 years ages it was
between 225 and 300 IU/day. After seven
days of stimulation, follicular growth was
assessed by vaginal ultrasound with 8 MHz
probe. The dose of recombinant FSH was
adjusted according to the ovarian response.
Ovulation was induced with 10000 IU of HCG
(Koragon Ferring pharma, India). When at
least 3 follicles attained the size of more
than 17 mm in diameter, transvaginal oocyte
retrieval was performed under ultrasound
guidance, 36 hours after HCG administration
and the number of retrieved oocytes was
recorded. ICSI was done on the retrieved
oocytes. Fertilization was assessed by using
an established pronuclei scoring system.
Embryo transfer was performed three days
after oocyte retrieval. A maximum number
of three embryos were transferred. Luteal
support was provided with either vaginal
application of  micronised progesterone
(crinone 8% gel ,  Merk Serono UK) or
progesterone injection 100 mg/ml (Susten,
Sun pharma, India) intramuscularly. 50 IU/
l  of  plasma β -HCG def ined a posit ive
pregnancy test on day fourteen after embryo
transfer. Two weeks later a transvaginal
ultrasound was performed to assess the
gestational sac and to confirm clinical
pregnancy. The study protocol was approved
by the research and Ethics committee of
centre for inferti l ity management and
assisted reproduction (CIMAR) Kerala and
informed consent  o f  the  pat ients  was
obtained.
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Statistical analysis

Statistical analyses were performed using
SPSS software trail Version 16.0. Values are
presented as mean±SD. Student’s t-test and
one-way ANOVA was used to compare the
di f ferent  groups .  Pearson corre lat ion
coefficients were calculated to explore the
relationship between AMH and measured
ovarian reserve parameters. P<0.05 was
considered statistically significant.

RESULTS

The total number of subjects analyzed in
this study was 93. The mean age of the total
subjects studied was 34.56 years. They were
divided into four groups. Group 1 included
subjects of less than 35 years age with
positive clinical pregnancy. Group 2 subjects
of less than 35 years age with negative
clinical pregnancy. Group 3 constituted
subjects of 35 years age and above with
positive clinical pregnancy and group 4
subjects of 35 years age and above with
negative clinical pregnancy. The mean age
of patients with positive clinical pregnancy

and less than 35 years age was 31.15 years
and that of negative pregnancy was 31.39
years. The mean age of patients above
35years with positive pregnancy was 35.6
years and with negative pregnancy was 37.45
years. AMH levels and other ovarian reserve
parameters were compared between positive
and negative pregnancy subjects in above and
below 35 years age groups. AMH levels were
higher in positive clinical pregnancy cases
in both the age groups. The Mean AMH
levels in group 1 subjects were 2.0046±1.289
ng/ml and in-group 2 subjects were 1.753-
±2.00006 ng/ml (Table I). The mean AMH
levels in group 3 were 2.47±0.96 ng/ml and
in group 4 were 1.13±1.13 ng/ml. Similarly
the antral follicle count, number of oocytes
retrieved, number of mature oocytes and
grade 1 embryos were higher in positive
clinical pregnancy cases (Table I). When one-
way ANOVA was used to compare the
different groups, statistically significant
differences were seen in all the groups with
respect to AMH levels and other ovarian
reserve markers. When Pearson correlation
coefficients were calculated to explore the
relation ship between AMH and measured

TABLE I : Comparison of AMH levels and other ovarian reserve parameters among different groups
in the above and below 35 years age brackets regarding clinical pregnancy outcome.

< 35 years age (n=41) >= 35 years age (n=52)
(Pregnancy outcome) (Pregnancy outcome) P

Parameters Value
Positive group-1 Negative group-2 Positive group-3 Negative group-4

(n=13) (n=28) (n=15) (n=37)

AMH 2.00±1.29 1.75±2.0 2.47±0.96** 1.13±1.13** 0.019*
AFC 11.08±4.65 9.14±6.08 11.67±5.95 6.22±3.99 0.001*
No. of oocytes 11.54±6.28 7.85±7.60 12.00±5.56 6.05±4.66 0.003*
MII 9.54±6.68 5.52±5.69 6.73±2.74 4.22±3.98 0.009*
Grade I embryos 6.46±4.14 2.18±2.29 4.27±2.09 2.05±2.61 0.0001**

*P<0.05 = significant, **P<0.001 = Highly significant. Data presented are mean±SD. Analysis of data
was done by one-way ANOVA Statistically significant differences (P<0.05) were found among the four
groups with respect to all the studied ovarian reserve parameters. The mean AMH level was found to
be significantly higher (2.47±0.96, p=0.0001**) in the positive pregnancy subjects above 35 years age
compared to negative pregnancy subjects (1.13±1.13).
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Fertilized oocyte with 2 pronuclei Day 2 Embryos

Fig. 1 : Embryos in different stages of development.

Day 3 Embryos Blastocysts

Fig. 2 : Development of embryos from the stage of fertilized oocyte to blastocyst.

TABLE II : Corre lat ions  between AMH and the
measured parameters  in age groups
above and below 35 years.

AMH

Parameters <35 years >=35 years
(n=41) (n=52)

r value P value r value P value

Age –0.350 0.025* –0.188 0.182
AFC  0.101 0.528 0.749 0.0001**
No. of oocyte  0.455 0.003* 0.784 0.0001**
MII  0.137 0.395 0.407 0.003*
Grade I embryos  0.180 0.261 0.261 0.001*

*P<0.05 = significant, **P<0.001 = Highly significant.
This table shows statistically significant positive
correlations between AMH and the no. of retrieved
oocytes (r=0.455, P<0.05) in the <35 years age group
and AMH and the no. of retrieved oocytes (r=0.784,
P<0.01), AFC (r=0.749, P<0.01), MII (r=0.407, P<0.01)
and Grade-I Embryos (r=0.433, P<0.01) in the >=35
years age group.

ovarian reserve parameters, only number of
oocytes retrieved correlated positively with
AMH levels in the age group below 35 years
(r=0.455, P<0.05, Table II). In the above 35
years age group there were significant
positive correlations between the mean AMH
levels and the number of retrieved oocytes
(r=0.784, P<0.01), AFC (r=0.749, P<0.01) and
MII (r=0.407, P<0.01) followed by Grade-I
Embryos (r=0.433, P<0.01) (Table II).

DISCUSSION

The clinical pregnancy outcome in this
study was positive in 31.7% of subjects in
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the below 35 years age group and 28.8% of
subjects in the above 35 years age group.
This study also shows inverse correlation
between age and AMH (Table II). These
observat ions  are  in  accordance  with
documented evidence that fertility decreases
with  increasing  age  and AMH levels
fall linearly with increasing age (1, 9).
Statistically significant differences were seen
in the ovarian reserve parameters among
the  groups  studied .  Ovarian reserve
parameters like AMH, AFC, no of retrieved
oocytes, mature oocytes (MII) and grade
1embryos were relatively higher in positive
pregnancy subjects in the age groups above
and below 35 years (Table II). Positive
correlations were found between AMH levels
and no of retrieved oocytes but not with
other ovarian reserve parameters in the age
group below 35 years. In the above 35 years
age group there were positive correlations
between AMH levels and all other ovarian
reserve parameters. Sharon Lie Fong et al
in 2008 have made similar observations (12).
Statistically significant differences were seen
in the AMH levels between positive and
negative pregnancy cases in the age group
above 35 years (p=0.0001) but not in the age
group below 35 years (p=0.682, Table II).

Two recent studies have revealed positive
predictive value for AMH in ART programs.
In the first study subjects were in the age

group of 34 to 42 years and in the second
study the subjects were under 42 years age
(13, 14). In another recent study the authors
have reported positive predictive value for
AMH in ART in women above 35 years of
age and they also correlated pregnancy
outcome to the etiology of infertility (15, 16).
Similar to above-mentioned studies the
present studies results also indicate that
AMH levels can be better correlated with
pregnancy out come in those subjects in the
age group of 35 and above. The observations
made in this study show that expensive tests
like AMH measurements should be reserved
for subjects above thirty-five years age group.
This study did not take into consideration
the etiology of infertility while studying the
impact of age on AMH. At the present time
one of the principal impediments to the more
widespread use of AMH to predict IVF
outcome is the lack of standardization of
AMH assay results. Standardization of AMH
assay results and more number of studies
with larger sample size are required to
establish AMH as a predictor of pregnancy
outcome in this age group. In conclusion a
re l iable  ovar ian reserve  marker  for
prediction of pregnancy outcome in ART will
enable reproductive clinicians to practice
single embryo transfer with confidence and
reduce the complications associated with
multiple embryo transfer and need for fetal
reduction.
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