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Abstract

Purpose Success rates of any artificial reproduction
techniques depend on a correct protocol for ovarian stim-
ulation. This can be decided only by proper assessment of
ovarian reserve before commencing ovarian stimulation.
This study has been conducted to investigate the role of
hormonal and functional biomarkers in the prediction of
ovarian response.

Methods A total of 689 women between July 2012 and
July 2013 undergoing IVF at Kocaeli University have been
enrolled in the study. Patients have been categorized into
three groups according to the number of oocytes retrieved:
0-3 oocytes (poor responders), 4—15 oocytes (normore-
sponders), and >16 oocytes (hyperresponders). Groups
have been compared according to follicle-stimulating
hormone (FSH), E2, luteinizing hormone (LH) levels,
antral follicle counts, and E2 levels on hCG days. Fur-
thermore, regression analysis has been performed with
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parameters such as age, FSH, LH, E2, anti-mullerian hor-
mone (AMH) and antral follicle counts (AFC) that can
affect the total number of oocytes retrieved and pregnancy
rates and their interactions with each other have been
investigated.

Results FSH, age, hCG day LH level, cycle cancellation
rate, total gonadotropin dose were significantly higher in
the poor responder group, but in this group, AFC, AMH,
hCG day E2 level, and the number of MII oocytes were
significantly lower. Cut-off values of normal responders for
FSH, AMH, and AFC were 8.43 area under curve [AUC:
0.541 (0.491-0.590)], 0.62 [AUC: 0.704 (0.638-0.764)],
and 6 [AUC: 0.715 (0.667-0.760)], respectively. Cut-off
values for the absolute poor response group (cycle can-
cellation) were 12.75 for FSH [AUC: 0.533 (0.49-0.57)],
0.23 for AMH [AUC: 0.678 (0.618-0.733)], and 6 for AFC
[AUC: 0.576 (0.531-0.613)]. AMH and AFC were the best
markers for the prediction of total oocyte count, indepen-
dent of age, FSH, and LH levels.

Conclusions AMH and AFC were found to be the best
ovarian reserve tests that can determine the total oocyte
count retrieved, without any significant effects on preg-
nancy rates.
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Introduction

Ovarian response can be defined as the reaction of the
ovaries to exogenous stimulus. It varies considerably
among individuals and in the same individual as well. In
spite of many advances in assisted reproductive technology
(ART), the prediction of ovarian response following
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controlled ovarian hyperstimulation (COH) is still a con-
siderable problem in clinical practice. For several years,
age and day-3 levels of follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) have been used as indicators
of ovarian response to ART [1, 2]. In fact, the basal FSH
concentration is the most common test used for ovarian
screening; however, it has been reported that the increase
in FSH levels occurs late in the sequence of events asso-
ciated with ovarian ageing [3]. Therefore, if fertility is
considered the end point, this increase may be of limited
clinical use as a marker.

Recent studies have shown that anti-mullerian hormone
(AMH) and antral follicle count (AFC) may be predictors
of ovarian response to COH in ART and superior to basal
FSH and chronological age [4-6]. However, the role of
AMH and AFC in success rates of IVF is contradictory.
AMH is produced by granulosa cells of pre-antral and
small antral follicles, correlating with the primordial fol-
licle pool. AMH serum levels reflect the ovarian reserve
potential with high accuracy [7]. Compared to antral fol-
licle count, AMH concentrations could reliably and equally
predict the poor response to ovarian stimulation in IVF
cycles [8]. This could be attributed to the greater number of
oocytes retrieved in women with high AMH levels, given
that high basal AMH concentrations indicate a great
number of selectable follicles. On the other hand, the
results of a large meta-analysis showed that AMH levels
are very poor predictors of pregnancy outcome [9].

This study has been conducted to investigate the role of
ovarian reserve markers in predicting ovarian response.

Materials and methods

This study was designed retrospectively among women
who have undergone IVF/ICSI in Kocaeli University
Faculty of Medicine Assisted Reproductive Techniques
Unit. Clinical details of all treatment cycles were pro-
spectively entered in a computer, which were retrieved for
analysis, retrospectively.

Patient selection

A total of 689 women who fulfill the inclusion criteria
between July 2012 and June 2013 undergoing IVF at
Kocaeli University have been enrolled in the study.
Patients with previous ovarian surgery, diagnosis of
endometriosis or adnexal masses, hyperprolactinemia,
thyroid dysfunction, systemic diseases and patients more
than 45 years of age were not included in the study. All
patients underwent detailed infertility evaluation such as
spermiogram, hysterosalphingography or laparoscopy for
tubal patency-pelvic pathology, insulin level, serum day-3
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hormone levels of prolactin, estradiol, testosterone, and
FSH, LH, TSH, AMH levels. The homeostasis model
assessment of insulin resistance (HOMA-IR) was derived
from calculations according to the following formula:
fasting insulin (mU/ml) x fasting glucose (mmol/1)/22.5.

Ovarian reserve assessment

The total number of antral follicles measuring 2-5 mm in
diameter was calculated. All patients’ measurements of
AMH were determined in duplicate using the “Gen II
microELISA” method (Beckman Coulter, Inc. 250 S.
Kraemer Blvd. Brea, CA 92821, USA). The sensitivity of
the assay was 0.017 ng/ml. The intra- and inter-assay
variations were 5 and 8 %, respectively. Serum LH, FSH,
and estradiol levels have been examined on the third day of
cycle and on hCG day by Electrochemiluminescence
Immunoassay “ECLIA” method (Roche Diagnostics
GmbH, D-68298, Mannheim, Germany). According to this,
the intra-assay repeatability values for FSH, LH, and
estradiol were 1.4-2.0 %, 0.8-1.8 %, and 1.6-5.7 %
respectively; and the inter-assay repeatability values for
FSH, LH, and estradiol were 2.9-5.3 %, 1.9-5.2 %, and
2.3-6.2 %, respectively.

Transvaginal ultrasonography was performed in all
patients at the third day of menstrual cycle to exclude any
pelvic pathology and antral follicle count. All ultrasound
examinations were performed by one of the authors (BV,
YC) using an Ultrasound Machine [Medison Sonoace 8x
Ultrasound Machine (manufacturer), 4-8 MHz]. To deter-
mine the diameter of the follicle, the mean of measure-
ments in two perpendicular directions was taken. The
numbers of follicles in both ovaries were added for the total
antral follicle count (AFC). The follicles visualised and
counted by TVS in the early follicular phase are 2—10 mm
in size.

Stimulation protocol

All patients received gonadotropin-releasing hormone
agonist long protocol or antagonist protocol. Patients were
monitored for serum E2, LH, and progesterone levels with
serial transvaginal ultrasonographic examinations. When at
least two follicles reached a mean diameter of 18 mm or 3
or more follicles reached 17 mm, subcutaneous hCG
(recombinant—choriogonadotropin alpha; Ovitrelle®
250 pg; Serono, Switzerland) was administered. When
only one follicle was more than 17 mm or serum proges-
terone level was more than 1.5 ng/ml on rHCG day, the
cycle was cancelled.

Oocytes retrieval was carried out under transvaginal
ultrasound under sedation—analgesia. Patients with 0-3
oocytes retrieved were evaluated as poor responders, 4—15
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oocytes as normoresponders, and >16 oocytes as hyperre-
sponders. Intracytoplasmic sperm injection (ICSI) was
performed in all patients. Embryo transfer was initiated
after ICSI procedure. Luteal phase support was maintained
by vaginal progesterone gel (Crinone® 8 % gel, Serono,
Switzerland).

Statistical analysis

Statistical analysis was performed using Statistical Package
for Social Sciences (SPPS) 14 software (SPSS Inc., IL,
Chicago, USA) and MedCalc software version 12.3.0
(MedCalc Software, Broekstraat 52, 9030 Mariakerke,
Belgium). Data are expressed as mean, standard deviation,
and percentage. T test was used for the comparison of
different variables. The relationships between the data were
evaluated using Pearson’s correlation coefficient. The
effect of multiple independent and parametric variables on
dependent variables was investigated by multivariate linear
regression analysis. The effect of multiple independent and
nonparametric variables on dependent variables was
investigated by logistic regression analysis. Receiver
operating curve (ROC) analysis with area under curve
(AUC) (ROC AUC) was used to determine the predictive
value of day-3 AMH, FSH, hCG day E2 levels, and AFC
for poor response to COH. All the data were evaluated
within 95 % confidence interval in both directions. A
p value of <0.05 was considered statistically significant.

Results

A total of 689 fresh cycles have been investigated
according to their response to conventional IVF stimulation
protocol. Sociodemographic, laboratory, ultrasonographic
parameters and response to stimulation between the groups
are demonstrated in Table 1. Table 1 also shows the total
gonadotropin doses used. Accordingly, high gonadotropin
doses were used in poor responders with no affect of age.

High gonadotropin doses were used in normoresponders
>40 years compared to normoresponders <40 years. There
were no patients >40 years in hyperresponders.

Table 2 shows the correlation analysis among sociode-
mographic, laboratory, ultrasonographic parameters, and
the total number of oocytes. The total number of oocytes
was negatively correlated with chronologic age and day-3
FSH level, and positively correlated with AFC, day-3 E2
level, E2 level on hCG day, AMH level, testosterone, and
DHEAS level. There was no statistically significant cor-
relation between the total number of oocytes and BMI,
insulin level, HOMA-IR, day-3 LH, day-3 progesterone.

A poor ovarian response was defined as fewer than three
oocytes during the OPU procedure. ROC curve analysis
was performed to determine cut-off values for AMH, FSH,
and AFC for the prediction of poor response. The optimal
cut-off values of AMH, FSH, and AFC for the prediction of
poor response are <(0.62 ng/ml, >10.6 [U/ml, and <6,
respectively [AUC: 0.704 (0.638-0.764), AUC: 0.541
(0.491-0.590), AUC: 0.715 (0.667-0.760), respectively].
In our study, we calculated the optimal cut-off values of
AMH, FSH, and AFC for the prediction of cycle cancel-
lation and reported to be <0.23 ng/ml, >12.75 IU/ml, and
<6, respectively [AUC: 0.678 (0.618-0.733); AUC: 0.576
(0.531-0.619); AUC: 0.533 (0.494-0.576)]. The analysis is
demonstrated in Fig. 1.

Patients with 4-15 oocytes retrieved were defined as
normoresponders. ROC curve analysis was performed. The
optimal cut-off values of AMH, FSH, and AFC for the
prediction of normo-response are >0.62 ng/ml, <8.43 TU/
ml, and >6, respectively. [AUC: 0.541 (0.491-0.590),
AUC: 0.704 (0.638-0.764), AUC: 0.715 (0.667-0.760),
respectively]. In our study, we calculated the optimal cut-
off values of AMH, FSH, and AFC for the prediction of
cycle cancellation in the normoresponder patients and
reported to be <0.41 ng/ml, >6.8 IU/ml, and <9, respec-
tively [AUC: 0.710 (0.618-0.733), AUC: 0.652
(0.593-0.708), AUC: 0.735 (0.676-0.787)]. The analysis is
demonstrated in Fig. 2.

Table 1 The comparison of

characteristic findings of groups Group I Group II Group IIT p value

Age 325+ 54 31.1 £5.1 29.1 £ 49 0.000
BMI 251+ 42 243 £ 42 234+ 29 0.097
Duration of infertility 6.8 +4.7 6.1 +4.0 63 £35 0.178
Basal FSH 8.7+ 45 74+ 26 6.0+ 1.4 0.000
Basal E2 60.2 £ 59.2 55.1 £ 874 10.2 £ 20.8 0.004
AMH 1.14 £ 1.6 1.87 £ 1.8 375 £ 1.7 0.000
AFC 10.8 £ 7.9 124 + 6.9 17.7 £ 10.6 0.000
hCG day E2 888 + 690 1,675 £ 925 2,676 £ 1,364 0.000
Total gonadotropin used 2,983 + 1,115 2,761 £+ 1,122 2,335 £+ 837 0.01

Number of oocytes retrieved 20+£09 7.9 £ 3.1 225+ 64 0.000
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A hyperovarian response was defined as more than 15
oocytes during the OPU procedure and patients were
defined as hyperresponders. ROC curve analysis was per-
formed to determine cut-off values for AMH, FSH, and
AFC for the prediction of hyper-response. The optimal cut-
off values of AMH, FSH, and AFC for the prediction of
hyper-response are >5.1 ng/ml, <6.76 IU/ml, and >14,
respectively [AUC: 0.520 (0.432-0.607), AUC: 0.571
(0.517-0.624), AUC: 0.653 (0.597-0.706), respectively].

Linear regression analysis model was performed for
factors effecting total oocyte count (AMH, day-3 FSH, LH,
BMI, age, and AFC were independent variables). Accord-
ing to this model, AMH and AFC were the only indepen-
dent predictors of total oocyte count (dependent variable)
(R*: 181; p: 0.000). The model is given in Table 3. Table 4

Table 2 Correlation between total oocyte count and hormones

shows MII oocyte predictors by regression analysis model
(R*: 78.2; p: 0.000). AFC and age were the only indepen-
dent variables that significantly affect MII oocyte count.
Tables 5, 6, and 7 demonstrate logistic regression ana-
lysis results for pregnancy rates of poor responders, hyp-
erresponders, and normoresponders. The cut-off values for
poor, hyper- and normo-response in our study were taken
as independent variables. None of the parameters had
significant and independent effect on pregnancy rates.

Discussion

This study describes the predictive value of ovarian reserve
tests especially FSH, AMH, and AFC. According to our
results, AMH and AFC are the most valuable parameters
that can be used for the prediction of ovarian reserve as
poor, normo- or hyper-response.

Correlation p value In the literature, ovarian tests including FSH, estradiol,
Age —0.366 0.000 inhibin B, AFC, and ovarian volume have been described
BMI —0.065 0.292 as predictors of ovarian reserve [1, 2, 10, 11]. Among these
AFC 0.364 0.000 tests, AMH and AFC are the most common tests that have
Insulin 0.029 0.822 been investigated and have been researched [12, 13].
HOMA-IR 0.026 0.892 Before start of an IVF cycle for an individual patient, both
Day-3 FSH 0275 0.000 the physician and the patient want to have ideas about the
Day-3 LH 0.054 0.242 outcome of that cycle. The dose of the medication can be
Day-3 E2 0.099 0.034 modified according to the reserve tests to avoid the risk of
Basal progesterone —0.048 0.749 cycle cancellation due to non-responsiveness or the risk of
Prolactin 0.028 0.553 OHSS due to higher doses.
Testosterone 0292 0.002 AMH has been investigated in the literature briefly and
DHEAS 0257 0.013 in much detail [14]. Since the test is not cycle day
AMH 0.388 0.000 dependent, it has the advantage of performing at any day of
hCG day E2 0.575 0.000 the cycle and in that way the patient Floes not need to wait
hCG day LH 0137 0.005 for the next cycle. We l?a\fe determined 0.62 ng/ml as a
hCG day progesterone 0,004 0.400 cut-off value for the prediction of poor response. Values in
between 0.1 and 1.66 ng/ml have been reported as a cut-off
FSH AMH AFC
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Fig. 1 ROC curves for cycle cancellation for poor responders
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Fig. 2 ROC curves for cycle cancellation for normoresponder patients

Table 3 Factors effecting total oocyte count, regression analysis
model (R*: 181; p: 0.000)
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Table 6 Logistic regression analysis for pregnancy rates of hyp-
erresponders (p = 0.026)

p value 95 % Confidence p value 95 % Confidence

interval (CI) interval (CI)
Age 0.333 —0.178 to 0.061 Age <40 years 0.726 0.336-4.785
BMI 0.180 —0.228 to 0.043 FSH <6.76 1U/ml 0.377 0.693-2.636
Day 3 FSH 0.225 —0.253 to 0.06 AFC >14 0.187 0.743-4.589
Day 3 LH 0.205 —0.344 to 0.074 AMH >5.1 ng/ml 0.928 0.513-2.081
AMH 0.032 0.036 to 0.771
AFC 0.000 0.091 to 0.307

Table 4 Factors affecting MII oocyte count, regression analysis
model (R 78.2; p: 0.000)

p value 95 % Confidence
interval (CI)
Age 0.017 —0.168 to 0.017
FSH 0.113 —0.194 to 0.021
LH 0.588 —0.174 to 0.099
AMH 0.095 —0.035 to 0.427
AFC 0.002 0.040 to 0.183

Table 5 Logistic regression analysis for pregnancy rates of poor
responders (p = 0.009)

p value 95 % Confidence
interval (CI)
Age >40 years 0.523 0.123-2.900
FSH >10 IU/ml 0.847 0.439-2.720
AFC <6 0.519 0.350-1.690
AMH <0.62 ng/ml 0.922 0.446-2.070

value [15-20]. Our cut-off value stays almost in the middle
of the previously reported values. Our results indicated a
cut-off value of 5.1 ng/ml for the prediction of hyper-

Table 7 Logistic regression analysis for pregnancy rates of nor-
moresponders (p = 0.019)

p value 95 % Confidence
interval (CI)
Age <40 years 0.587 0.392-5.232
FSH <8.43 IU/ml 0.889 0.533-2.67
AFC (6-14) 0.213 0.757-3.486
AMH >0.62 ng/ml 0.808 0.311-4.473

response. In the literature, values in between 0.63 and 5.98
have been reported as cut-off values for the prediction of
hyper-response [19, 20].

AFC has also been investigated in the literature
recently [21, 22]. Determination of AFC is operator
dependent and has to be analysed at the initial days of
menstruation, so a time lapse may be needed for sono-
graphic examination. Frattarelli et al. [23] have investi-
gated AFC before initiating IVF and have concluded that
patients <4 antral follicles had higher chance (41 %) of
cycle cancellation. In our study, we have reported <6
antral follicles as a cut-off value for both prediction of
cycle cancellation and poor response. Also patients with
>14 follicles at initial evaluation has the risk of hyper-
response according to our study.
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AMH and AFC have been compared to each other in the
literature [24, 25]. Even though AFC has been reported as the
best single predictor of response in most of the articles
reported, our study indicated that both of the tests have equal
power on the prediction of response [26]. Majumder et al.
have evaluated AMH and AFC and reported significant
correlations with the number of oocytes retrieved and AMH
and AFC. Kunt et al. [27] have compared the predictive
values of AMH and AFC prediction of poor response and
stated AMH as a promising marker for oocyte response.

In our study, we have compared FSH, AMH, and AFC.
Different from previous studies, we have determined the
cut-off values for the prediction of ovarian response
according to the number of oocytes retrieved and cycle
cancellation rates even though it was a retrospective study.
According to our results, if patients have AFC <6 and
AMH <0.23 ng/ml, specialist should share the possibility
of cycle cancellation. If patients have AFC >14 with
AMH >5 ng/ml, specialist should take precaution for the
risk of OHSS.

In conclusion, in this study, AMH and AFC are found to
be the best ovarian reserve tests that can determine the total
oocyte count retrieved. For correct decision making, both
AMH and AFC should be measured before stimulation
program to decrease the risk of OHSS and cycle cancel-
lation. However, these markers independently do not pre-
dict pregnancy rates.

Conflict of interest There are no conflicts of interest to report.
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