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Introduction

Obesity is an increasing major health problem [1]. The
magnitude of its associated health detriments increases
with increasing body mass index (BMI). While being
overweight or obese (BMI > 30 kg/m2) may reduce a
woman’s fertility and increases pregnancy loss [2] and
late pregnancy complications (preeclampsia, gestational
diabetes, etc.) [3], data regarding the impact of obesity on
IVF cycle outcomes are controversial. 

Moreover, while several reports have shown no effect
of increasing BMI on in vitro fertilization (IVF) or intra-
cytoplasmic sperm injection (ICSI) success rates, except
for higher cancellation rates [4-7], others have demon-
strated that excess weight is associated with lower cumu-
lative live birth rates, lower implantation rates, increased
gonadotropin requirement, and the possibility of decre-
ased follicle development and oocyte numbers [8-14]. 

Controlled ovarian hyperstimulation (COH) is appar-
ently a key factor in the success of in vitro fertilization-
embryo transfer (IVF-ET). During IVF treatment, human
chorionic gonadotropin (hCG) is usually used as a surro-
gate LH surge to induce final oocyte maturation and
resumption of meiosis. The presence of metaphase-II
(MII) oocytes reflects the resumption of meiosis of the
oocyte and can be objectively assessed after the oocytes
have been denuded before ICSI. The number and the per-
centage of MII oocytes are therefore better indicators of

final maturation of the oocyte than the total number of
oocytes retrieved. 

Recently, in an attempt to explore whether the mecha-
nism is ovarian or extraovarian, Bellver and colleagues
[15] studied the effect of BMI on the reproductive out-
come in the oocyte donation model, thus excluding poten-
tially confounding ovarian hormonal environment. Their
results showed similar implantation, pregnancy, and
ongoing pregnancy rates among the four studied BMI
groups (< 20 kg/m2, 20-24.9 kg/m2, 25-29.9 kg/m2, and >
30 kg/m2), with negative trends as BMI increased. They
therefore concluded that the ovary is not the only factor
responsible for the poor reproductive outcome in obese
patients; the endometrium or its environment also con-
tributes to this discouraging prognosis, but in a more sub-
tle manner.

Carrell et al. [16] evaluated the relationship between
intra-follicular hCG concentration and BMI. They
observed a significant inverse correlation between the
BMI and intra-follicular hCG concentration, which could
be attributed to the concurrent decrease in embryo quali-
ty and pregnancy rates. Salha et al. [17] while examining
the effect of adiposity on serum concentrations of hCG
found that patients with high BMI had a significantly
lower mean serum hCG concentration, required a higher
dosage of gonadotrophin and had significantly fewer
oocytes aspirated.

Prompted by these findings, and in a further attempt to
clarify the mechanisms by which BMI affects the repro-
ductive outcome, we decided to evaluate whether the
effect of standard (10,000 IU) hCG dosage on resumption
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of meiosis and final maturation of the oocytes are BMI
dependent. 

Patients and Methods

We reviewed the computerized files of all consecutive women
admitted to our IVF unit during a one-year period, who had
reached the ovum pick-up (OPU) stage. Exclusion criteria
included use of donor oocytes or transfer of frozen-thawed
embryos, and use of any other procedure which does not include
ICSI. All the usual indications for ICSI and accepted protocols
for ovarian stimulations were included. 

All patients received 10,000 IU to induce final oocyte matu-
ration. The criteria for hCG administration were identical in all
of these patients, namely, at least three follicles with the diame-
ter of 18 mm with appropriate peripheral estradiol levels.
Oocytes were retrieved 35 to 38 hours after hCG administration.
Following OPU, and before the ICSI procedure, oocytes were
denuded and classified according to their intactness and nuclear
maturational stages, e.g., germinal vesicle, metaphase-I and
mature metaphase II (M-II) oocytes.

Data on patient age and infertility-treatment-related variables,
with emphasis on the patients’ BMI, ovarian stimulation charac-
teristics, number of oocytes retrieved and the number of M-II
oocytes, were collected from the files. 

Results are presented as means + standard deviations. Diffe-
rences in variables were statistically analyzed with the nonpara-
metric Wilcoxon signed rank test, Student’s t-test and chi-square
test, as appropriate. A p value of less than 0.05 was considered
significant. 

Results

Two hundred and sixty one patients with a mean age of
32.8 + 5.9 years and mean BMI of 23.7 + 4.4 kg/m2
(range: 16.6-38.1 kg/m2), were evaluated. Patients were
divided into three groups according to their BMI.
Underweight, BMI < 10th percentile (10th percentile
group); normal; at risk of overweight, BMI > 10th and <
90th percentile (10-90th percentile group); obese, BMI >
90th percentile (90th percentile group). The clinical charac-
teristics of their ICSI cycles are shown in Table 1. 

Mean BMI of the 10th and 90th percentile groups were
18.2 ± 0.7 kg/m2 (n = 26) and 32.8 ± 2.2 kg/m2 (n = 27),
respectively (p < 0.0001). Patients in the 90th percentile
group required significantly longer stimulation compared
to the two other groups, and had significantly lower peak
E2 levels as compared to the 10th percentile group.
Moreover, we observed non-significant trends toward
increase in the length of stimulation and the number of
gonadotropin ampoules used, with increasing BMI. There
were no differences between the groups in mean patient
age, number of gonadotropin ampoules used or mean
number of oocytes retrieved. Moreover, the number and
percentage of mature M-II oocytes were similar among
the three groups (Table 1). 

Discussion

In the present study of patients undergoing ICSI, stan-
dard (10,000 IU) hCG dosage was adequate to induce

final oocyte maturation regardless of their BMI. This
probably implies that the current hCG dosage is much
higher than the dosage actually required for the resump-
tion of meiosis of the oocyte. This observation is in agree-
ment with previous studies demonstrating that oocyte
maturation can be achieved with hCG doses of lesser
amplitude than those required for follicular rupture [18].
Moreover, a low serum hCG level before oocyte recovery
was shown to be as equally potent as the higher levels at
initiating oocyte maturity and as reflected by a similar
percentage of MII oocytes recovered [19]. 

We also observed a trend toward increase in the length
of stimulation and the number of gonadotropin ampoules
used and a decrease in peak E2 levels, with increasing
BMI. These later observations are in accordance with
other studies showing an association between an
increased BMI and an increased gonadotrophin require-
ment during COH [8, 12] or decreased serum estradiol
concentrations [5, 7]. 

Recently, several editorials have addressed the role of
BMI in IVF outcome [20, 22]; all of which referred to the
study by Bellver and colleagues [15], who attempted to
delineate the mechanism for the observed decrease in the
reproductive outcome of obese patients, by the oocyte
donation model. In the later study, an extraovarian mech-
anism was shown to contribute to the poor reproductive
outcome in obese patients. Exploring the effect of obesi-
ty on folliculogenesis will therefore complete this puzzle. 

In the present study, we added further information to
this puzzle by demonstrating no effect of obesity on final
oocyte maturation and resumption of meiosis. Further
large studies are therefore required to assess the effect of
obesity on COH variables and embryo quality and to clar-
ify the pathophysiologic alterations responsible for the
associated poor reproductive outcome in obese patients.

Table 1. — Comparison between IVF cycles according to the
different BMI percentile groups.

BMI - 10th BMI - 10th to 90th BMI-90th

percentile percentile percentile

Number of cycles 26 208 27
Patient age (yrs) 31.3 ± 5.9 33.1 ± 6.0 31.9 ± 4.8
BMI (kg/m2) 18.2 ± 0.7a 23.2 ± 2.9b 32.8 ± 2.2c

Day 3 FSH (IU/l) 6.5 ± 2.3 6.5 ± 3.1 5.9 ± 2.5
Length of stimulation (days) 10.1 ± 2.0d 10.5 ± 2.0e 11.0 ± 2.7f

Number of gonadotropin 43 ± 25 46 ± 26 50 ± 25
ampoules used   

Peak E2 levels on day of 2480 ± 1428g 2093 ± 1171 1666 ± 1065h

hCG administration (pg/ml) 
Progesterone levels on day 0.8 ± 0.4 1.0 ± 0.9 0.5 ± 0.3

of hCG administration
(ng/ml)  

Number of oocytes retrieved 11.6 ± 7.4 10.6 ± 6.6 12.3 ± 8.8
Number of oocytes stripped 10.4 ± 7.1 8.9 ± 6.2 10.6 ± 7.6

for ICSI
Ratio of M-II oocytes per 72 ± 23 78 ± 21 77 ± 21

oocytes stripped for ICSI (%)
BMI - body mass index. 
p < 0.05 between aand band c, between d, eand f, between g and h.
Standard (10,000 IU) hCG dosage is adequate to induce final oocytes maturation
in IVF patients regardless of their BMI.



J. Ashkenazi, I. Bar-Hava, S. Meltcer, J. Rabinson, E.Y. Anteby, R. Orvieto22

These studies may help fertility specialists in individual-
ization and careful tailoring of the COH protocol, for
optimizing IVF success in obese patients.
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