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ABSTRACT

Objective: To investigate the usefulness of inhibin B concentrations obtained
on the fifth day in predicting ovarian response and assisted reproductive
technologies outcome.

Methods: In this prospective multi-center study, infertile women who were
candidate for in vitro fertilization or intracytoplasmic sperm injection for the
first time were enrolled. These patients were referred to the Royan Institute,
Vali-Asr Hospital and Alvand Hospital, Tehran, Iran between 2003 and 2004.
The inclusion criteria were female age (20-35 years), body mass index (BMI)
of 20-28 Kg/m?, duration of infertility >2 years, a normal menstrual cycle and
a normal day 3 follicle stimulating hormone level of <8.5 IU/I. All patients
underwent long standard gonadotrophin releasing hormone agonist protocol.
Plasma level of inhibin B was checked on the fifth day of menstrual cycle. The
diagnostic accuracy of inhibin B, were assessed by the area under the receiver
operating characteristic (ROC) curve.

Results: In this study, 107 infertile patients were studied. Using the value
of 283 pg/ml for inhibin B as the cut-off point, day 5 inhibin B had 77%
sensitivity, 30% specificity, 31.2% positive predictive values (PPV) and 76.7%
negative predictive values (NPV) for poor ovarian response. There were
statistically significant correlation among day 5 inhibin B concentration and
BMI, number of mature follicles, retrieved oocytes, developed and transferred
embryos, chemical pregnancy, ovarian hyperstimulation syndrome (OHSS)
and poor responder.

Conclusion: Although the chemical pregnancy, number of retrieved oocytes,
developed and transferred embryos were higher in patients with higher day 5
inhibin B concentration but considering its sensitivity, specifity, PPV and NPV,
it cannot be used as a strong test for prediction of cancellation, pregnancy, poor

responses and OHSS.
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Several factors have been used
to predict ovarian reserve and
assisted reproductive technologies
(ART) outcome in response to
gonadotrophin  stimulation such
as measurement of day 3 follicle
stimulating hormone (FSH) in the
preceding normal cycles,'? follicular
blood flow,*> ovarian volume,®’
pre-treatment transvaginal ultra-
sound of the antral follicles,*’
basal estradiol  concentration,'
anti-Mullerian hormone (AMH)!
and inhibin B.'>' Several studies
reported different factors as the best
predictors. Creus etal'® reported that
the stronger predictors of success in
patients undergoing their first invitro
fertilization (IVF)/or intracytoplasmic
sperm injection (ICSI) treatment cycle
were age and basal FSH rather than
inhibin B. Basal FSH concentration
was a better predictor of cancellation
rate than age, but age was a stronger
predictor of pregnancy rate.”
Penarrubia et al'* showed that
inhibin B concentrations obtained
early in the follicular phase during
ovarian stimulation under pituitary
suppression for assisted reproductive
treatment were highly predictive of
ovarian response.

Inhibin A and inhibin B are
dimeric polypeptides produced by
granulose cells. Inhibin A secreted
mostly in luteal phase, while
inhibin B secreted predominantly
in follicular phase'® by early healthy
antral follicles. High inhibin B
concentration during the early
follicular phase is responsible for the

6/18/07 4:15:59 PM



Inhibin B and outcome of IVF/ICSI cycles ... Tehraninejad et al

decline in FSH serum levels closing the FSH window
and assuring single dominant follicle selection in human.
Early follicular phase inhibin B levels decrease over
time, reflecting the recruitment of a diminished cohort
of follicles with ovarian aging."” On the other hand, the
decrease in inhibin B would be the earliest marker of the
decline in follicle number across reproductive ageing.'®
Seifer et al' reported that women with declining
ovarian responsiveness and clinical outcomes in assisted
reproduction treatment consistent with declining
ovarian reserve had decreased day 3 serum inhibin
B concentrations despite having non-elevated day 3
serum FSH concentrations. Also, Fawzy et al'* showed
that normogonadotrophic normogonadal women with
day 5 inhibin B <400 pg/ml in down-regulated cycles
have a poor response to ovarian stimulation and are less
likely to conceive compared with women with higher
day 5 inhibin B." However, several studies failed to find
clinical value in measuring basal inhibin B with regard
to IVF outcome.?”?!

On the above evidence, this prospective multicentric
study was undertaken to investigate the usefulness of
inhibin B concentrations obtained on the fifth day of
gonadotrophin therapy in predicting ovarian response
and assisted reproductive treatment outcome in
women undergoing ovarian stimulation under pituitary
desensitization.

Methods. In this prospective multicenter study,
infertile women who were candidate for IVF or ICSI for
the first time were enrolled. These patients were referred
to the Royan Institute, Vali-Asr Hospital and Alvand
Hospital, Tehran, Iran between 2003 and 2004. The
first IVF/ICSI cycles were chosen to avoid possible bias
from experience with previous cycles regarding ovarian
response to exogenous gonadotrophin stimulation.
All patients signed the consent form. This study was
approved by Royan Institute Ethics committee. The
inclusion criteria were female age at time of research
(20-35 years), BMI=20-28 Kg/m?, duration of infertility
more than 2 years, a normal menstrual cycle and anormal
day 3 FSH level® (<8.5 IU/]l) measured in a preceding
cycle. Exclusion criteria were endocrine abnormalities
including hyperprolactinemia and poly cystic ovary
syndrome (PCOs), severeoligospermiaorazospermiaand
previous ovary surgery. Following screening by vaginal
ultrasound on day 1 of the menstrual cycle, patients
underwent long standard gonadotrophin releasing
hormone (GnRH) agonist protocol.* All cases received
oral contraceptive pills-low dose (OCP-LD) from the
5th day of previous menstrual cycle then treated from
the 21st day of cycle with the GnRH agonist (Suprefact,
Hoechst, Germany) 500 pg/day, subcutaneously.
When pituitary suppression was achieved (on second
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day of menstrual cycle progestrone <1 ng/ml, estradiol
(E2) <50 pg/ml), busereline was reduced to 200 pg/day
and human menopausal gonadotrophin (HMG) 150
IU/day (Menopur, Ferring, Holland) was started.
The dose was changed according to follicular growth.
Follicular development was monitored by transvaginal
sonography. When more than 3 follicles 218 mm were
seen, human chorionic gonadotrophin (HCG) 10000
IU (Pregnyle, Organon, Germany) were injected to
induce final oocyte maturation and 36-40 hour later,
ovum picked up was carried out. After 2-3 days if
fertilization occurred, embryo transfer was performed.
If more than 15 follicles were visited in each ovary or
E2 >3000 pg/ml, the patient was considered as prone
to ovarian hyperstimulation syndrome (OHSS)* and
necessary management has been taken. Plasma level of
inhibin B was checked on the fifth day of menstrual cycle
(Fourth day of HMG administration) by enzyme-linked
immunosorbent assay (ELISA) methods (Kit Inhibin B,
ABL Company, Germany). For bias prevention, this
measurement was performed in a single laboratory unit.
Cycle would be cancelled if the ovarian response was
poor with <3 follicles at day 8 of the cycle.'”” Maturity
of oocytes was based on published data** and mature
oocytes had a generous expansion of cumulus-corona
and a distinct polar body. Chemical pregnancy was
defined as increasing concentration of f§ HCG 2
weeks after embryo transfer. Presence of intrauterine
gestational sac by transvaginal ultrasound 2 weeks after
positive B HCG was considered as clinical pregnancy.
Poor responder was defined as number of oocytes less
than 4. For each patient a questionnaire was completed,
which included: dose of required gonadotropin,
duration of stimulation, number of mature follicles,
number of retrieved and mature oocytes, number of
transferred embryos and number of canceled cycles. The
Statistical Package for Social Sciences (SPSS) version
11 was used for data analysis. For statistical analysis,
the Mann Whitney test and the Spearman’s test were
used. The diagnostic accuracy of inhibin B, described
as its ability to discriminate between patients with poor
or normal ovarian response and non pregnant and
pregnant patients were assessed by the area under the
receiver operating characteristic (ROC) curve.'>*

The sensitivity, specificity and PPV were calculated
at the discriminating cut-off point for the prevalence
of the study population. The PPV was calculated
from the ROC analysis by plotting the percentage of
true positives against the percentage of false positives
at the best discriminating cut-off point. In summary,
sensitivity was defined as true positive /true positive +
false negative; specificity was defined as: true negative/
true negative + false positive. Positive and negative
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predictive values (PPV and NPV) were calculated by
these formulas:

PPV=true positive / false positive + true positive;
NPV-=true negative / false negative + true negative.
<0.05 was considered to be significant.

Results. In this study, 107 infertile patients referred
to 3 infertility centers (Royan Institute, Vali-Asr
Hospital and Alvand Hospital) were studied . The mean
+ standard deviation (SD) of age and infertility duration
were 29.08 + 4.4 and 7.13 + 4.3 years, respectively. The
mean + SD of BMI was 24.45 + 2.4 Kg/m?. The cause
of infertility included: male factor (62.6%), tubal factor
(19.6%), and unexplained infertility (17.8%). More
than 50% studied cycles were ICSI (74.8%). The results
of ART cycles were summarized in Table 1 & 2. Due to
poor ovarian response, 12.1% of cycles were cancelled.
In this study, no women were admitted to the hospital
because of OHSS.

To analyze the diagnostic accuracy of inhibin B to
discriminate between poor and normal ovarian response

as indicated by the number of mature oocytes, area under
curve,,. (AUC, ) values were determined by ROC

analygi(;.c Using the value of 283 pg/ml for inhibin B as
the cut-off point, day 5 inhibin B had 77% sensitivity,
30% specificity, 31.2% PPV and 76.7% NPV for poor
ovarian response in the study population (Figure 1). In
the same cut-off point, inhibin B predicted cancellation
rate with 85% sensitivity, 30% specificity, 14.3% PPV
and 93.3% NPV. For OHSS, day 5 inhibin B gained
56% sensitivity, 77% specificity, 30% PPV and 90%
NPV with AUCROC =0.69 (Figure 2).

Considering the value of 100 pg/ml for inhibin
B as the cut-off point, day 5 inhibin B showed 57%
sensitivity, 54% specificity, 29.6% positive predictive
value and 77% negative predictive value for chemical
pregnancy in the study population (Figure 3). There
were statistically significant correlation among day 5

Table 1 - The results of in vitro fertilization / intracytoplasmic sperm
injection cycles in studied patients.

inhibin B concentration and BMI (p=0.03, correlation
coeficient = -0.2), number of mature follicles (p=0.0006,
correlation coefficient = 0.26), retrieved oocytes
(»=0.02, correlation coefficient = 0.21), developed
embryos (p=0.03, correlation coefficient = 0.19),
transferred embryos (p=0.02, correlation coefficient =
0.21), chemical pregnancy (p=0.04),OHSS (p=0.01)
and poor responder (»=0.05). The mean of inhibin
B concentration was 214.9 pg/ml in cancelled cycles
and 255.7 pg/ml in non-cancelled cycles, which this
difference was notstatistically significant (p value >0.05).
Table 3 showed the mean of inhibin B in different groups
of studied patients.

Discussion. One of the most doubtful issues in
ART cycles is predicting the success rate. Pituitary FSH
secretion increases with declining ovarian reserve. Day
3 serum FSH concentration is being routinely used in
most assisted reproduction treatment programs.>*

Theoretically, the direct products of granulosa cells
might better reflect ovarian secretory capacity and
follicle number. Inhibin is a heterodimeric glycoprotein
produced by granulosa cells and consisting of o and
B subunits.” With understanding the synthesis and
secretion of the inhibins and their endocrine role in
the regulation of FSH in human beings, attention has
been focused on the possibility that these peptides may
provide a more direct index of ovarian reserve and
improved predictors of assisted reproduction treatment
outcome. In females, the pattern of secretion of the
inhibins suggests that early follicular phase inhibin B
may reflect the number of follicles present at baseline,
whereas inhibin o may indicate follicle maturity.'® On
this basis, recent reports have been focused based on
day 5 inhibin B measurements in predicting successful
outcome in assisted reproduction treatment.

This study reveals that day 5 inhibin B concentration
has significant correlation with number of mature
follicles, retrieved oocytes, developed and transferred

Table 2 - The outcome of in vitro fertilization / intracytoplasmic sperm
injection cycles in studied patients (n=107)

Variable Mean Standard Deviation
Duration of stimulation (Day) 10 2.1

Number of required HMG 26.5 9.4
Number of Mature follicles 9.5 6.2
Number of retrieved oocytes 7.2 5.3
Number of fertilized oocytes 4.6 4

Number of formed embryos 2.2 2.6
Number of transferred embryos 2.6 1.3

HMG - human menopausal gonadotrophin

Variable Frequency

n (%)
Chemical pregnancy 28 (26.2)
Clinical pregnancy 24 (22.4)
Cancellation rate 13 (12.1)
Opvarian hyperstimulation syndrome 16 (15)
Poor responder 31 (29)
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Figure 1 - Receiver operating characteristic (ROC) curve for prediction

of poor responder by day 5 inhibin B (AUC,,.=0.3).
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Figure 2 - Recciver operating characteristic (ROC) curve for prediction
of OHSS by day 5 inhibin B (AUC_,. = 0.69).
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Figure 3 - Receiver operating characteristic (ROC) curve for prediction
of chemical pregnancy by day 5 inhibin B (AUC__ . = 0.63).

ROC

04role_of_inhibin20061271.indd 1031

Table 3 - The mean of inhibin B in different groups of studied patients

Groups Mean of inhibin B P value
(pg/ml)

Cancelled cycles vs. 214.9 vs. 255.7 0.1

Non-cancelled cycles

Poor responder vs. 195.8 vs. 273.3 0.05*

normal responder

Opvarian hyperstimulation vs. 471.1vs.213.2 0.01*

normal cycles

Positive vs. negative chemical 340.9 vs. 220.2 0.04*

Pregnancy

Positive vs. negative clinical 297.9 vs. 238.4 0.2

Pregnancy

*Significant difference, vs. - versus

embryos, chemical pregnancy, OHSS and poor
responder. Ocul et al”” demonstrated that elevated fluid
follicle inhibin o and P associated with good ovarian
response and high pregnancy rate in IVF cycles. Seifer et
al" reported significantly higher cancellation rates and
lower pregnancy rate in woman with low (<45pg/ml)
day 3 serum inhibin concentration.

With considering limitations of recent study such
as non randomized sample selection, although recent
study has shown the predictive value of inhibin B for
ovarian response, its prediction value was lower than
Fawzy’s study.'? Fawzy et al'? showed that the serum
day 5 inhibin B had the highest predictive power to
discriminate between poor and normal ovarian response
(in cut off point inhibin B = 400 pg/ml). However, the
cause of this variation between these studies can be
the difference in number of patients (54 versus 107),
stimulation protocol (we used only HMG, while they
used 4 products) and ART cycles (they studied only
IVF cycles while in our study more than 50% of cycles
were ICSI).

In recent study, the mean of inhibin B in poor
responding group (195.8 pg/ml) was significantly lower
than normal responder (273.3 pg/ml). This finding was
similar to Fawzy et al'? study. Also, present study showed
that a cut off point of day 5 inhibin B of 283 pg/ml
for poor ovarian response gave sensitivity, specifity,
PPV and NPV of 77%, 30%, 31.2% and 76.7%,
respectively. Tharnprisarn et al*® studied 60 infertile
women undergoing IVE. They found the mean inhibin
B level of 113.18 + 57.96 pg/ml in the poor responder
group (n=20) and 94.05 + 61.81 pg/ml in normal
responder (n=40), which was not statistically significant.
In comparison with the recent study, the number of
patient were lower (60 patients in Tharnprisarn et al*®

Saudi Med J 2007; Vol. 28 (7) 1031

WWW. Smj.org.sa

6/18/07 4:16:11 PM



Inhibin B and outcome of IVF/ICSI cycles ... Tehraninejad et al

study versus 107 patients in present study). Present
study shows inhibin B concentration was lower in
cancelled cycles, but this difference was not statistically
significant. Penrrubia et al' studied 80 women and
reported that a cut off point of day 5 inhibin B of 141
pg/ml gave sensitivity of 94% and specifity of 81% for
cancellation cycles. In comparison with their study, a
sensitivity of 85% and specifity of 30% for cancellation
rate in cut off point of 283 pg/ml were calculated in
present study. The probable reason for this difference
between these studies can be their high cancellation rate
(25% in comparison with 12.1% in present study). The
present study showed that the mean of day 5 inhibin B
was statistically higher in patients prone to OHSS. In
agreement with this finding, Enskog et al®’ reported that
the elevation of serum inhibin B 3 days prior to oocyte
retrieval was greater in patients who later developed
OHSS.” Also, Fawzy et al'? suggested day 5 inhibin B
measurements may be a useful tool in predicting and
monitoring OHSS."

In conclusion, although in presentstudy, the chemical
pregnancy, number of retrieved oocytes, developed and
transferred embryos were higher in patients with higher
day 5 inhibin B concentration but considering its
sensitivity, specifity, PPV and NPV, it cannot be used as
a strong test for prediction of cancellation, pregnancy,
poor responses and OHSS.
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