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Abstract

Introduction The objective of this study was to determine

whether ovarian reserve markers can predict ovarian

response in women undergoing their first cycle of assisted

reproduction.

Materials and methods This prospective observational

study included 292 infertile patients undergoing their first

IVF trial in the Assisted Reproductive Unit in a tertiary

care hospital. Day 2 follicle stimulating hormone (FSH),

Inhibin B, anti-Mullerian hormone (AMH), antral follicle

count (AFC) and ovarian volume was measured before

commencement of controlled ovarian hyperstimulation.

The main outcome measures were oocytes retrieved and

this was correlated with ovarian reserve markers.

Results The mean age was 31.8 (±4.4) years and mean

duration of infertility 8.2 (±3.9) years. The correlation

between oocytes retrieved and age, day 2 FSH, Inhibin B,

AMH, AFC and volume of the ovary was calculated. A

negative correlation was found with age (r = -0.22,

p \ 0.001) and day 2 FSH (r = -0.35, p \ 0.001). A

positive correlation was seen with AMH (r = 0.15,

p = 0.022), AFC (r = 0.48, p \ 0.05) and volume

(r = 0.17, p = 0.009). In the bivariate analysis, 1 year

increase in age was found to decrease the oocytes retrieved

count by 0.37 with a significant p value. The independent

significant factors found in multiple linear regression

analysis were day 2 FSH and AFC.

Discussion The present study concludes that day 2 FSH

and AFC are promising biomarkers for ovarian reserve in

predicting ovarian response to gonadotropin stimulation in

IVF patients.
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Introduction

Ovarian reserve in a woman describes her natural oocyte

endowment and thereby reflects her reproductive potential.

With changing social dynamics, women in recent times

have elected to postpone childbearing until after the age of

35 years when there is an age-related downward trend in

the total number of oocytes available for conception [1]. As

a result, clinicians involved with the treatment of infertility

face the arduous challenge of determining ovarian reserve

to predict IVF outcome. The cost of treatment, discomfort a

patient goes through due to multiple injections and the

complications associated with the treatment per se does

justify the need to clinically assess ovarian reserve before

commencing treatment as poor response to ovarian stimu-

lation is no longer acceptable. Passive assessment for

ovarian reserve include age of the patient, basal hormone

levels including follicle stimulating hormone (FSH),

estradiol (E2) levels, serum inhibin B levels, anti-Mullerian

hormone (AMH). Other surrogate markers include ultra-

sound determination of antral follicle count (AFC), ovarian

volume and vascular resistance [2]. Dynamic tests such as

gonadotropin-releasing hormone (GnRH) agonist test

(GAST) and clomiphene challenge tests have also been

used to predict the ovarian response to gonadotropin

stimulation [3]. Amongst the available biomarkers interest

has recently been generated in AMH as a reliable, accurate

N. Singh � A. Bahadur (&) � N. Malhotra � S. Mittal

Department of Obstetrics and Gynecology, All India Institute

of Medical Sciences, New Delhi, India

e-mail: anupamadr@yahoo.com; anupama.bahadur@gmail.com

M. Kalaivani

Department of Biostatistics, All India Institute of Medical

Sciences, New Delhi, India

123

Arch Gynecol Obstet (2013) 288:697–703

DOI 10.1007/s00404-013-2802-3



and reproducible predictor of ovarian reserve and IVF

cycle outcome. Despite a wide range of ovarian reserve

tests being available to clinicians, no single test provides a

sufficiently accurate result. Whether these ovarian reserve

markers have any added value to chronological age and

pregnancy prospects still remains unclear. However, in

current clinical practice most of these tests for ovarian

reserve have low predictive accuracy and are better used

for screening purposes. By screening these women for

ovarian reserve one can decide using higher doses of

gonadotropins in poor responders for better oocyte yield

and without the fear of ovarian hyperstimulation syndrome

(OHSS) [4].

A successful IVF procedure is one that translates into

pregnancy and this is dependent on an adequate response of

the ovaries when stimulated with exogenous gonadotropins

[5]. Progressive depletion of the pool of ovarian reserve

and age-related changes in oocytes are together responsible

for this decline in reproductive potential in women [6].

Women with advanced chronological age have a higher

probability of poor ovarian response but then even younger

women may not be spared [7, 8]. A clinician may cancel an

IVF cycle in a woman with poor ovarian response, a

problem observed in 12–30 % of all women undergoing

ovarian stimulation [9, 10]. The response to ovarian stim-

ulation is highly variable in women of the same age group

reflecting an inter-subject variation. Therefore, clinically it

becomes imperative to identify that subset of women who

are still young in age but have reduced ovarian reserve as

well as those women whose fertility is hampered due to

their advanced age. Once this can be achieved then man-

agement can be individualised and optimal stimulation

regimens can be used in them while maximising their

chances of conception.

The aim of this study was to determine whether ovarian

reserve markers can predict ovarian response in women

undergoing their first cycle of assisted reproduction. The

main outcome measures were oocytes retrieved and this

was correlated with ovarian reserve markers.

Materials and methods

This prospective study was conducted on 292 infertile

patients undergoing their first IVF trial in the Assisted

Reproductive Unit in a tertiary care hospital. This study

was approved by the Institute’s Ethics Committee and all

participating women were asked for their written consent.

The study was conducted from September 2009 till Sep-

tember 2011. Women with no previous surgeries on the

ovary/ovaries were included in the study. We excluded

women with, PCOS, endometriosis, prior surgery and sin-

gle ovary. The main outcome measures recorded were age

and AFC, volume of ovaries as well as basal hormonal

levels of FSH, Inhibin B, AMH and the number of oocytes

retrieved.

The blood sample for the determination of FSH, Inhibin

B and AMH was taken on the 2nd to 5th day of menstrual

cycle and the IVF procedure was performed in the fol-

lowing month. The blood was obtained by vene puncture

under strict aseptic condition. The blood was centrifuged

at 3,500 rpm for 15 min and serum was stored in 1.5 ml

eppendorf tubes at 20 �C. Serum FSH levels were deter-

mined by immune enzymometric assay ELISA technique

using the EIAGEN FSH kit following the manufactures

protocol. The analytical sensitivity was 0.6mIU/ml and

intra assay and inter assay CV were \8.5 and \9.4 %

respectively. Serum Inhibin B levels were determined by

sandwich ELISA technique using the INHIBIN B DSL-10-

84100i kit following the manufactures protocol. The ana-

lytical sensitivity was 7 pg/ml and intra assay and inter

assay CV were \3.5 and \6.2 % respectively. Serum AMH

was measured by EIA AMH/MIH kit (A Beckman Coulter

Company) following the manufacturers protocol. For AMH

the analytical sensitivity was 0.14 ng/ml and intra assay and

inter assay CV were \12.3 and \14.2 % respectively.

A baseline pretreatment 3D ultrasound was done in the

early follicular phase (days 2–5) of the woman’s sponta-

neous menstrual cycle for AFC and ovarian volume. We

measured all follicles measuring 2–10 mm. The ultraso-

nographer was blinded to the results of the hormone assay.

The intra-analysis coefficient of variation for follicular

diameter measurements was \5 % and the lower limit of

detection 0.5 mm. All the patients were started on a long

down regulation protocol with gonadotropin releasing

hormone (GnRH) analogue (1 mg leuprolide acetate sub-

cutaneously) in the luteal phase of the same cycle. When

enough suppression was achieved (E2 \50 pg/ml,

LH \2 IU/ml and no ovarian cyst on ultrasound), the

GnRH analogue dose was reduced by 50 % and controlled

ovarian stimulation initiated with recombinant FSH. For

each patient, the starting dose of recombinant FSH was

individualised according to her age, BMI, AFC and FSH.

The cycle was monitored based on the serum concentrations

of estradiol on days 7 and 9 as well as transvaginal sono-

graphic scan of the ovary and dose of FSH adjusted

according to the response. The FSH dose remained same if

E2 concentration varied between 1,000 and 4,500 pg/ml and

was increased in case serum E2 level was\1,000 pg/ml. The

dose of FSH was decreased if serum E2 levels exceeded

4,500 pg/ml. The total gonadotropin dose used was calcu-

lated. The stimulation was cancelled if no follicle developed

or if E2 levels were \200 pg/ml even after 10 days of

stimulation. Patients were administered 10,000 IU of human

chorionic gonadotropin (HCG) when at least three follicles

attained a diameter of 18 mm. Ovum pick up was carried out

698 Arch Gynecol Obstet (2013) 288:697–703

123



under intravenous sedation, 36 h after HCG injection, by

transvaginal ultrasound-guided follicular aspiration.

Embryo transfer was performed on day 3 using fresh

embryos or a blastocyst transfer on day 5. All patients

received luteal phase support with intramuscular adminis-

tration of micronized progesterone for 2 weeks.

Statistical analysis

Data were presented as mean ± SD. The correlation

between oocytes retrieved and ovarian reserve markers was

calculated using Spearman Rank correlation coefficient.

The factors associated with oocytes retrieved were identi-

fied using linear regression analysis. All the factors in the

bivariate analysis were taken to the multiple linear

regression analysis to find the independent factors associ-

ated with oocytes retrieved. The p value \0.05 was con-

sidered to be statistically significant.

Results

In this prospective observational study, we recruited 292

infertile women whose average age was 31.8 years (SD

4.4) with an average duration of infertility of 8.2 years (SD

3.9). Their BMI was 24.9 (SD 3.7) kg/m2. The ovarian

reserve markers assessed of these women has been pre-

sented in Table 1. The oocytes retrieved after controlled

ovarian hyperstimulation was found to be 9.9 (SD 7.2). In

our study, 292 patients underwent 308 IVF/ICSI cycles.

Eleven patients were cancelled due to poor response to

stimulation (6) and failed fertilisation (5) with a cancella-

tion rate of 3.8 %.

The correlation between oocytes retrieved and age, day

2–5 FSH, Inhibin B, AMH, AFC and volume of the ovaries

was calculated. A negative correlation was found with age

(r = -0.22, p \ 0.001) (Fig. 1) and day 2–5 FSH (r =

-0.35, p \ 0.001) (Fig. 2) as shown in Table 2. A positive

correlation was seen with AMH (r = 0.15, p = 0.022)

(Fig. 3), AFC (r = 0.48, p \ 0.05) (Fig. 4) and volume

(r = 0.17, p = 0.009). We correlated the age and ovarian

reserve markers associated with oocytes retrieved using

linear regression analysis. In the bivariate analysis, 1 year

increase in age was found to decrease the oocytes retrieved

count by 0.37, which was significant. In this bivariate

analysis other significant factors affecting oocyte retrieved

were day 2–5 FSH, AMH, AFC and volume of the ovaries.

The variation contributed by AFC (R2 = 23.5 %) was the

highest followed by FSH (R2 = 10.2 %). The independent

significant factors found in multiple linear regression

analysis were day 2–5 FSH and AFC as shown in Table 3.

Inhibin B was a mere factor that contributed to oocytes

retrieved in these infertile women. The variation explained

(R2) by ovarian reserve markers on oocytes retrieved was

27 %.

We found the cutoff value for these independent factors

namely FSH and AFC for predicting poor oocytes retrieved

(B4) [9]. The cut off for day 2–5 FSH for predicting poor

oocytes retrieved was 6.36 mIU/ml in our study with a

sensitivity of 62.5 %, specificity of 59.6 % and area under

the curve (AUC) of 66.5 % (Fig. 5). These infertile women

Table 1 Baseline characteristics of women who underwent IVF

(n = 292)

Baseline Mean ± SD

Age (years) 31.8 ± 4.4

BMI (kg/m2) 24.9 ± 3.7

Duration of infertility (years) 8.2 ± 3.9

Primary infertility 222 (76 %)

Secondary infertility 70 (24 %)

Study variables

Day 2–5 FSH (mIU/ml) 6.5 ± 2.1

Day 2–5 LH (mIU/ml) 5.6 ± 3.5

Inhibin B (pg/ml) 53.3 ± 37.5

AMH (ng/ml) 6.5 ± 4.0

AFC 14.5 ± 6.6

Volume (cm3) 7.9 ± 3.5

Treatment

Duration of stimulation (days) 10.7 ± 2.7

Total amount of recombinant FSH (mIU/ml) 3,181.4 ± 1,303.7

Peak estradiol levels (pmol) 3,400.2 ± 2,861.5

Oocytes retrieved 9.9 ± 7.2

Fertilisation rate 69.5 ± 26.1

Cleavage rate 98.4 ± 28.1

Number of embryos 7.2 ± 5.7

Fig. 1 Plot of the number of oocytes retrieved after stimulation

against the age of the patients
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with day 2–5 FSH [6.36 had a 2.5 times higher odds of

having a poor oocyte recovery. Similarly for AFC we

found a cut off of B13 for predicting poor oocytes retrieved

with a sensitivity of 69.4 %, specificity of 58.4 % and

AUC of 71.4 % (Fig. 6). Thus, women with AFC \13 had

a 3.2 times higher chance of poor oocyte recovery.

Discussion

The data in this study indicates that a pretreatment day 2–5

FSH and AFC measured using 3D ultrasound are the most

significant predictors of oocytes retrieved and poor ovarian

response after gonadotropin stimulation in women under-

going their first cycle of assisted reproduction. Not all

women respond well to controlled ovarian hyperstimula-

tion. Before commencement of the IVF cycle if one

assesses the ovarian reserve markers then poor responders

can be identified and this may reduce the stress caused by

cycle cancellation or low oocytes retrieved [11]. Subse-

quently, it may help the infertile couple to choose alter-

native methods of treatments like oocyte donation or even

adoption and avoid the futility of repeated stimulation

cycles. On the other hand, a pretreatment analysis of

ovarian reserve may identify women who are at a higher

risk for developing OHSS and such patients may be treated

with lower doses of gonadotropins in a GnRH-antagonist

cycle under careful monitoring keeping a low threshold for

cycle cancellation or cryopreservation of all embryos with

transfer in subsequent cycle [12, 13].

Previous studies have shown that a sharp decline in

primordial follicles occurs at around 38 years of age [14].

The accelerated depletion of ovarian reserve is reflected by

a rise in serum concentration of FSH and a reduction in

serum concentration of AMH. By screening women for

‘‘early ovarian ageing’’ in their late third or early fourth

decade of life may provide useful information about their

reproductive potential and allow them to take rationale

decision regarding their future fertility and plan for early

conception or even cryopreservation of oocytes/embryos

for later use. However, various test combinations have

been tried but none of them has been successful in pre-

dicting which woman will experience early ovarian ageing

or a woman’s performance in an IVF cycle [15].

Fig. 2 Plot of the number of oocytes retrieved after stimulation

against FSH

Table 2 Correlation of different characteristics with number of

oocytes in women undergoing stimulation for IVF (n = 292)

Oocytes retrieved Correlation coefficients (r) p value

Age -0.2169 \0.001*

Day 2–5 FSH -0.3460 \0.001*

Inhibin B 0.0775 0.3212

AMH 0.1450 0.0218*

AFC 0.4825 \0.001*

Volume 0.1662 0.0085*

* p \ 0.05 significant

Fig. 3 Plot of the number of oocytes retrieved after stimulation

against AMH

Fig. 4 Plot of the number of oocytes retrieved after stimulation

against AFC
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It has been known from ancient times that women with

advanced age have difficulty in achieving conception and

this is still valid in modern era. Although age is an

important parameter to assess fertility, we know that

ovarian age may differ from chronological age and around

10 % of women may experience diminished ovarian

reserve in their early to mid-30s [2]. In our prospective

observational study, we correlated the age and ovarian

reserve markers associated with oocytes retrieved using

linear regression analysis. Univariate linear regression of

square root of number of oocytes, based on model signif-

icance and R2 were Age (R2 = 0.049), day 2–5 FSH

(R2 = 0.102), AMH (R2 = 0.025), AFC (R2 = 0.235) and

volume (R2 = 0.0429). The independent significant factors

found in multiple linear regression analysis were day 2–5

FSH and AFC while Inhibin B was a mere factor that

contributed to oocytes retrieved in these infertile women.

Further, in the bivariate analysis, we observed that 1 year

increase in age was found to decrease the oocytes retrieved

count by 0.37, which was statistically significant. In a

retrospective study, patient’s age (R2 = 0.215) and AFC

(R2 = 0.24) appeared good markers for predicting the total

number of oocytes retrieved in women undergoing IVF

treatment [16]. In our study, we found a positive correla-

tion with AFC (r = 0.48, p \ 0.05) and oocytes retrieved.

Our findings were in agreement with the systematic review,

where the authors examined the tests for ovarian reserve in

predicting IVF outcome and suggested that AFC was the

single most accurate predictor of poor ovarian reserve in

women undergoing IVF [17].

In the present study AMH demonstrated an equivalent

predictive ability as that of age, day 2–5 FSH, AFC and

ovarian volume in the univariate analysis but this was not

statistically significant in the multivariate analysis. AMH

also known as Mullerian-inhibiting substance is a dimeric

glycoprotein comprising of two monomers attached to each

other by disulphide bonds. It belongs to the transforming

growth factor-B super family, which acts on tissue growth

and differentiation [18]. It is involved in the regression of

the Mullerian ducts during embryonic development of a

male fetus [19]. Females express AMH from the granulosa

cells of the preantral and small antral follicles from birth up

to menopause. Once the follicles differentiate from the

primordial to the primary stage, AMH production begins

Table 3 Predictors of ovarian response using univariate and multivariate logistic regression analysis

Oocytes retrieved Univariate analysis Multivariate analysis (R2 = 0.272)

Regression coefficients (SE) p value R2 Regression coefficients (SE) p value

Age -0.37 (0.10) \0.001* 0.049 -0.21 (0.12) 0.095

Day 2–5 FSH -1.13 (0.23) \0.001* 0.102 -0.89 (0.25) \0.001*

Inhibin B 0.02 (0.014) 0.220 0.009 0.01 (0.13) 0.674

AMH 0.28 (0.11) 0.013* 0.025 0.20 (0.14) 0.146

AFC 0.54 (0.07) \0.001* 0.235 0.33 (0.09) \0.001*

Volume 0.35 (0.13) 0.007* 0.029 -0.11 (0.15) 0.460

* p \ 0.05 significant

Fig. 5 Receiver operating characteristic curve (ROC) analysis of

follicle stimulating hormone (FSH) for the prediction of poor

response to controlled ovarian hyperstimulation during IVF

Fig. 6 Receiver operating characteristic curve (ROC) analysis of

antral follicle count (AFC) for the prediction of poor response to

controlled ovarian hyperstimulation during IVF
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and continues till the follicles have reached the antral

stages with a diameter of 2–6 mm [20]. As age advances

there is a decrease in the antral follicles and AMH pro-

duction decreases becoming undetectable at and after

menopause [21]. AMH represents the quantitative ovarian

reserve and may have some predictive value for predicting

pregnancy as well [22]. When compared to FSH, E2 and

inhibin B, AMH is cycle-independent [23]. AMH is a

promising biomarker for ovarian reserve as it indicates the

quantity of oocytes but is not related to their quality.

However, as a single parameter it has limited value in

predicting ovarian response to gonadotropin stimulation in

IVF patients. Our work differs from the previous study by

Jayaprakasan et al. [24] where the authors concluded that

AFC and AMH are the best predictors of poor response to

ovarian stimulation during IVF. However, reliable cutoffs

for AMH need to be defined. Marca et al. [25] evaluated

the role of AMH as a predictive marker in assisted repro-

ductive technology (ART) and found it to be a better

marker in predicting the response of a woman to COH

when compared to age, FSH, Estradiol and Inhibin B.

In the present study, there was a positive correlation

seen with AMH (r = 0.15, p = 0.022) and oocytes

retrieved using linear regression analysis. However, in the

multiple linear regression analysis FSH and AFC were

the independent significant factors that contributed to the

number of oocytes retrieved. In a study by Anckaert et al.

[26], the authors looked at the predictive value of serum

follicular fluid levels of AMH with respect to ovarian

response. Their study confirmed a positive relationship

between serum AMH concentrations and ovarian response

to COH in terms of oocytes retrieved and the endocrine

response. In another study, Yates et al. [27] demonstrated

that AMH-based COH regimens showed a statistically

significantly improvement in positive clinical outcomes,

with reduced incidence of complications and had a lesser

financial burden in ART cycles. In the present study, our

patients had a relatively low age with a relatively low SD

(31.8 ± 4.4), which could perhaps explain the fact that age

and AMH failed to be independent significant factors in the

multiple regression analysis.

Antral follicle count directly measure the ‘‘selectable’’

follicle population while ovarian volume indirectly asses-

ses the size of the follicles. In the present study, ovarian

volume was predictive of the number of oocytes retrieved

on univariate analysis, but with a predictive ability less

than that of FSH and AFC. This is in agreement with a

recent meta-analysis by Hendriks et al. [28].

When we evaluated the cutoff value for the independent

factors namely FSH and AFC for predicting poor oocytes

retrieved (B4) we found that the cut off for FSH for pre-

dicting poor oocytes retrieved was 6.36 mIU/ml in our

study with a sensitivity of 62.5 %, specificity of 59.6 %

and AUC of 66.5 %. Thus, these infertile women with day

2–5 FSH of[6.36 had a 2.5 times higher odds of having a

poor oocyte recovery. Likewise for AFC, we found a cut

off of B13 for predicting poor oocytes retrieved with a

sensitivity of 69.4 %, specificity of 58.4 % and AUC of

71.4 %, which implied that women with AFC \13 had a

3.2 times higher chance of poor oocyte recovery. In a study

similar to ours, the authors concluded that AFC and AMH

had the highest ability to differentiate between the poor

responders from the normoresponders with an AUC of 93.5

and 90.5 %, respectively [24].

Our study has several limitations as it does not take

pregnancy rate or live birth rate into account. The sample

size in this study is small. Also, ovarian reserve markers

have limited role in the prediction of nonconception and

their use in routine clinical practice is questionable.

Conclusion

As a clinician one needs to identify that subset of patients

who are likely to respond poorly during an IVF cycle.

Ovarian reserve tests may help in the identification of such

participants and it is these couples who need counselling as

they have a higher chance of the cycle being cancelled and

a low probability of achieving success in terms of preg-

nancy, thereby allowing them to make an informed deci-

sion. Therefore, the clinicians can individualise treatment

protocols in these women to obtain maximum ovarian

response.
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