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Elevated body mass index is associated with lower
serum anti-mullerian hormone levels in infertile
women with diminished ovarian reserve but not with
normal ovarian reserve

Erkan Buyuk, M.D.,a David B. Seifer, M.D.,b Edward Illions, M.D.,a Richard V. Grazi, M.D.,b

and Harry Lieman, M.D.a

a Montefiore Institute for ReproductiveMedicine and Health, Albert Einstein College of Medicine, Bronx; and b Genesis Fertility

and Reproductive Medicine, Maimonides Medical Center, Brooklyn, New York

Objective: To investigate the association between elevated body mass index (BMI) and ovarian reserve.
Design: Cross-sectional study.
Setting: Academic institutions.
Patient(s): Two hundred ninety women with infertility. Diminished ovarian reserve (DOR) was defined as day
3 FSH >10 IU/L.
Intervention(s): None.
Main Outcome Measure(s): Random serum antimullerian hormone (AMH) levels and number of oocytes retrieved
during assisted reproductive technology cycle.
Result(s): Increasing BMI was associated with lower random serum AMH levels in infertile women with DOR but
not in women with normal ovarian reserve (NOR). Among women with DOR, mean random serum AMH levels
were 33% lower in overweight and obese women compared with women with normal weight. The same association
was not true for women with NOR. Out of 290 women evaluated for infertility, 109 women underwent a controlled
ovarian hyperstimulation (COH)–IVF cycle. Women with elevated BMI and DOR had lower number of oocytes
retrieved compared with women with normal BMI and DOR (6.4 � 4.3 vs. 9.4 � 6), an association that was not
observed among women with NOR.
Conclusion(s): Overweight and obese women with DOR as defined by high day 3 serum FSH levels have lower
serum AMH levels and number of oocytes retrieved compared with nonobese women with DOR. (Fertil Steril�

2011;-:-–-. �2011 by American Society for Reproductive Medicine.)
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Recent data fromTheNational Health and Nutrition Examination Sur-
vey showed that the combined prevalence of overweight and obesity
was 64% in 2007–2008 among American women. Although there
was no statistically significant increase in the rate of overweight and
obesity during the last decade, obesity is still at epidemic proportions
in the United States (1). Besides being a risk factor for hypertension,
diabetes, cardiovascular disease, stroke, and certain cancers, over-
weight and obesity are also associated with poor reproductive out-
comes in most studies (2–4), though the findings are not universal
(5). Overweight and obesity are associated with increased amount of
gonadotropins used, decreased number of oocytes retrieved, and in-
creased cycle cancellation rates in invitro fertilization (IVF) cycles (3).

Diminished ovarian reserve (DOR) is a condition associated
with decreased quantity and quality of oocytes in the ovaries and
is correlated with poor IVF outcomes (6, 7). Markers of ovarian
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reserve, including baseline FSH, E2, inhibin B, antral follicle
count, ovarian volume, and, recently, antimullerian hormone
(AMH), have been used to counsel patients regarding their
reproductive outcomes (7, 8). However, despite the presence of
multiple markers, a uniform clinical definition of DOR does not
exist (9). In clinical practice, baseline day 3 serum FSH level has
been most commonly used to predict ovarian reserve, and levels
>10 IU/L are considered to be consistent with DOR. This same
level has also been used by the Society for Assisted Reproductive
Technology for statistical purposes (10). However, baseline serum
FSH is not the best predictor of ovarian response (11, 12). Among
others, AMH is emerging as one of the strongest predictors of the
number of oocytes retrieved during an IVF cycle (13, 14), and
recent reports indicate that AMH may also independently predict
pregnancy outcome (15).

A negative correlation between body mass index (BMI) and se-
rum AMH levels has been shown among late reproductive-age
women (16) and young women using oral contraceptive pills (17).
However, another study investigating the relationship between
BMI and ovarian reserve markers, including AMH, failed to demon-
strate a similar association (18). To date, it is unclear whether there
is a relationship between BMI and AMH, and possible mechanisms
underlying this association have not been elucidated.

To our knowledge, an association between ovarian reserve
markers (AMH and the number of oocytes retrieved during an
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IVF cycle), and BMI among infertile women with DOR has not been
reported. In the present study, we sought to determine whether in-
creasing BMI would adversely affect serum AMH levels and the oo-
cytes retrieved in infertile women with DOR as diagnosed by
elevated baseline FSH levels.
MATERIALS AND METHODS
The medical records of 290 women evaluated for infertility at Montefiore

Institute for Reproductive Medicine and Health and Genesis Fertility and

Reproductive Medicine Center between August 2007 and March 2010

were reviewed. All patients who had their baseline FSH, BMI, and AMH

levels recorded during their evaluation were included in the study, which

was approved by the Institutional Review Boards of both institutions.

Women were divided into 2 groups based on their baseline serum FSH

levels: Group 1 consisted of women with normal ovarian reserve (NOR)

with a baseline FSH level %10 IU/L; group 2 consisted of women with

DOR with a baseline serum FSH level >10 IU/L. FSH was measured on

day 2 or 3 of the menstrual cycle by using an automated analyzer (Immulite

2000 FSH, Siemens, Deerfield, IL). The sensitivity of the assay was 0.1 IU/L

and intra- and interassay coefficients of variation were 2.9%–4.2% and

4.1%–7.9%, respectively. Random serum AMH levels, unrelated to cycle

day, were measured in a commercial laboratory (Reprosource, Woburn,

MA), based on research-use-only materials and reagents from Beckman

Coulter DSL (Chaska, MN) and applied uniformly for all patient samples.

Intra- and interassay coefficients of variation with serum control samples

were 5%–9% and 7%–12%, respectively (19). Baseline characteristics of

women, including age and BMI, were retrieved from their medical records.

Of the 290 women, 109 underwent controlled ovarian hyperstimulation

(COH)–IVF/intracytoplasmic sperm injection cycles, and their first cycle

was included in the study. Baseline maximum FSH and random serum

AMH levels, type of protocol, total amount of gonadotropins used (IU), max-

imum E2, and number of oocytes retrieved were examined for each women.

The type of protocol was determined by the patient’s doctor, based on her age

and the status of ovarian reserve markers.

Data are presented as mean� SD. Spearman rank correlation test was used

to test the association between BMI and AMH in NOR and DOR women.

Wilcoxon rank sum test was used to compare mean AMH levels and mean

number of oocytes retrieved among women with normal and high BMI.

Linear regression analysis was used to measure the association between

BMI and AMH after controlling for age and between BMI and number of

oocytes retrieved after controlling for age and type of protocol used. For

linear regression analyses, logarithmic transformation was done for AMH
TABLE 1
Baseline and cycle characteristics of women studied.

NOR (n [

Age (y) 37.1 �
FSH (IU/L) 7.3 �
BMI (kg/m2) 27.3 �
AMH (ng/mL) 2 �
Type of protocola

Gonadotropin only 6 (1

Gonadotropin þ leuprolide flare 7 (1
Gonadotropin þ agonist suppression 12 (2

Gonadotropin þ antagonist suppression 26 (5

Total gonadotropin useda (IU) 4,402 �
Maximum E2

a (pg/mL) 2,378 �
No. of oocytes retrieveda 10.5 �
Note: Date presented as mean � SD or n (%). AMH ¼ anitmullerian hormone; B

ovarian reserve.
a NOR: n ¼ 51; DOR: n ¼ 58.

Buyuk. Obesity and diminished ovarian reserve. Fertil Steril 2011.

2 Buyuk et al. Obesity and diminished ovarian reserve
and BMI, and square root transformation was done for oocytes. Statistical

analyses were performed using the Stata/IC 10.1 program, and a P value

of < .05 was considered to be statistically significant.
RESULTS
Demographic and cycle characteristics of the study population are
presented in Table 1. Therewas no statistically significant age differ-
ence between NOR and DOR women. Interestingly, women with
DOR had statistically significantly lower BMI than women with
NOR. As expected, women with NOR had lower baseline FSH,
higher AMH, higher E2, and higher number of oocytes retrieved
and used less gonadotropin. Women with DOR also used flare
protocol more often than women with NOR.

The correlation between BMI and AMH is shown in Figure 1.
When all study women were included, there was no correlation be-
tween BMI and AMH (Fig. 1A). Similarly, no association was found
between BMI and AMH among women with NOR (Fig. 1B), even
after controlling for age. However, BMI was inversely correlated
with AMH among women with DOR (r ¼ �0.26; P¼.001;
Fig. 1C). This association persisted after controlling for age
(P¼.01; b ¼ �0.2). Among women with NOR, those who were
overweight or obese had similar mean AMH levels to those who
had normal BMI (2 � 2.4 vs. 1.8 � 1.5, respectively; P¼.3;
Fig. 2A). However, among women with DOR, overweight and obese
women had 33% lower AMH levels than those with a normal BMI
(0.4 � 0.3 vs. 0.6 � 0.5, respectively; P¼.0001; Fig. 2B).

One hundred nine women underwent a COH-IVF cycle after their
infertility evaluation. There was no statistically significant associa-
tion between BMI and the number of oocytes retrieved when all
women were considered. Similarly, no association was found be-
tween BMI and number of oocytes retrieved among 51 women
with NOR. Among 58 women with DOR, elevated BMI was
negatively correlated with the number of oocytes retrieved, that
approached significance (r ¼ �0.28; P¼.07). Among this group
of women, BMI was still negatively correlated with the number of
oocytes retrieved after controlling for age and the type of protocol
used, with a P value approaching significance (P¼.07; b ¼ �0.3).
Although the mean number of oocytes retrieved was similar among
NORwomenwith normal BMI compared with womenwith elevated
138) DOR (n [ 152) P value

4.8 38.1 � 5.2 .1

1.7 15.1 � 5 < .0001

5.9 25.3 � 5.1 .003

2 0.5 � 0.4 < .0001

2) 4 (7) .5

4) 25 (43) .001
3) 7 (12) .1

1) 22 (38) .2

2,077 6,496 � 3,213 < .0001

1,147 1,897 � 1,251 .04
4.4 8.2 � 5.5 .002

MI ¼ body mass index; DOR ¼ diminished ovarian reserve; NOR ¼ normal
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FIGURE 1

Increased body mass index (BMI) is associated with decreased

antimullerian hormone (AMH) in women with diminished ovarian
reserve (DOR). (A) When all infertile women are included, no

association is seen between BMI and AMH (P¼ 0.1). (B) BMI does

not correlatewith AMHamongwomenwith normal ovarian reserve

(NOR) (P¼ 0.07). (C) BMI is negatively and statistically significantly
associated with AMH among women with DOR (P ¼ 0.001).
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FIGURE 2

BMI affects AMH only in womenwith DOR. (A) Amongwomenwith

normal ovarian reserve, mean AMH levels of normal-BMI women
are similar to mean AMH levels of women with elevated BMI. (B)
Women with elevated BMI in the DOR group have statistically

significantly lower mean AMH levels compared with women with

normal BMI (P¼ .0001). Abbreviations as in Figure 1.
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BMI (10.8 � 4.8 vs. 10.3 � 4.1, respectively; P¼.7), in the DOR
group, women with elevated BMI had 32% fewer oocytes retrieved
compared with women with normal BMI (6.4 � 4.3 vs. 9.4 � 6,
respectively; P¼.03; Fig. 3A and B).
DISCUSSION
To our knowledge, this is the first study to demonstrate a negative as-
sociation between BMI, AMH, and the number of oocytes retrieved
among infertile women with DOR. A similar negative association
had been previously noted among healthywomenwith late reproduc-
tive age (16). In that study, AMH levels were inversely related to
BMI and 65% lower in obese women (BMI R30 kg/m2) compared
Fertility and Sterility�
with nonobese women (BMI<30 kg/m2). Obesity is negatively cor-
related with other ovarian reserve markers as well, notably inhibin B
(20). Overweight and obese premenopausal women have lower in-
hibin B levels compared with women with normal BMI. The mean
age of women in the first study (16) was 45.8 years old. In the second
study (20), the ages ranged from 41.4 to 46.7 years old. In contrast to
these studies, a recent study that compared ovarian reserve markers,
including FSH, AMH, antral follicle count, and ovarian volume, in
premenopausal women did not find any difference in these parame-
ters between obese and nonobese women (18). The mean age of
women in that population was 46.1 years old, similar to previous
studies. However, unlike other studies, they excluded of women
with a BMI >35 kg/m2. The mean age in our study population was
38 years, which was much younger than the women evaluated in
earlier studies. Moreover, our study population was relatively
more homogeneous, because it consisted only of women with infer-
tility, and the association was only found in the subgroup of infertile
women with DOR. However, despite younger age and differences in
the characteristics of the study populations, we found a similar asso-
ciation only in the group of women with DOR who are physiologi-
cally more similar to women of late reproductive age in terms of
high baseline FSH levels and IVFoutcomes. Another study that com-
pared AMH levels in oral contraceptive users found higher AMH
levels in obese women (BMI >30 kg/m2) compared with women
with normal BMI (BMI <25 kg/m2) (17). Although these were
young ovulatory women with a mean age of 29 years, exclusion of
3



FIGURE 3

BMI affects oocytes only in women with DOR. (A) Among women

with normal ovarian reserve, the number of oocytes retrieved from
women with normal BMI is similar to the number of oocytes

retrieved from overweight or obese women. (B) Overweight or

obese women in the DOR group have statistically significantly

lower numbers of oocytes retrieved compared with women with
normal BMI (P¼ .03). Abbreviations as in Figure 1.
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overweight women (BMI 25–30 kg/m2) and lack of baseline FSH to
determine ovarian reserve preclude direct comparison with the pres-
ent study.

We also found a negative correlation, although statistically
nonsignificant (P¼.07), between BMI and the number of oocytes re-
trieved among women with DOR, but not among women with NOR.
Because AMH is one of the strongest predictors of number of oocytes
retrieved during a COH-IVF cycle, this finding is not surprising and is
consistent with the correlation of BMI and AMH. Obesity has been
associated with poor outcomes in COH-IVF cycles in some (2) but
not all (5, 21) studies. Inconsistencies in the definitions of normal
BMI as well as overweight and obesity as well as wide variations
in the reporting of outcome measures may be responsible for
contrasting results. For example, one study reported increased
cancellation rates and decreased number of oocytes retrieved
4 Buyuk et al. Obesity and diminished ovarian reserve
among obese women with NOR, but obesity was defined as BMI
>27 kg/m2 (22). A meta-analysis of 11 studies that defined BMI ac-
cording to World Health Organization criteria demonstrated that
overweight and obesity are associated with decreased number of
oocytes retrieved and decreased pregnancy rates in a population of in-
fertile women (4). Those findings are in accordance with our results,
but a subgroup analysis controlling for factors such as age or ovarian
reserve was not done. Therefore, it is not possible to attribute the cor-
relation to a particular subgroup of infertile women. Another study
that correlated BMI with IVF outcomes reported that increasing
BMI has a negative influence on retrieved oocytes, clinical pregnan-
cies, and live births depending on the age of the patient (23). Interest-
ingly, unlike our findings, BMI had a negative influence on IVF
outcome in youngerwomen but not older ones, and a recommendation
was made towait for young patients to lose weight before undergoing
an IVF cycle. Again, the study did not address the issue of ovarian
reserve and is not completely comparable with our data.

The negative correlation of elevated BMI with AMH and number
of oocytes retrieved is consistent with previous studies and provides
strong evidence that a negative correlation exists between BMI and
ovarian reserve, but not in women with NOR. The mechanisms by
which obesity may influence ovarian function are not clear. It is un-
likely that low serum AMH seen in overweight/obese women with
DOR is due to size and dilutional effect, because the same is not
true for women with NOR. It is well known that obese women of
late reproductive age have more anovulatory and longer cycles com-
pared with nonobese women (24). One of the possible mechanisms
is through the interaction of adiponectin with granulosa cells.
Adiponectin is secreted from white adipose tissue and its serum
levels are decreased in obese women (25). It is present in the
follicular fluid of porcine ovaries and its receptors are present on
granulosa cells. It induces vascular endothelial growth factor synthe-
sis and modifies enzymes of steroid synthetic pathways, by increas-
ing steroidogenic acute regulatory protein mRNA and decreasing
aromatase abundance (26), the same events that take place during
the periovulatory process. Therefore, alterations in adiponectin me-
tabolism may lead to dysfunctional ovulatory processes. Consistent
with this hypothesis, increased anovulation and decreased in vivo
fertilization rates are demonstrated in mice fed a high-fat diet. More-
over, mitochondrial dysfunction and apoptosis rates were markedly
increased in the granulosa cells of these mice. Similarly, in the same
study, signs of lipotoxicity were observed in the follicular fluid of
obese women undergoing COH-IVF compared with normal-
weight women (27), which could be a possible explanation for
poorer IVF outcomes seen in women with elevated BMI.

In summary, we report a negative correlation between elevated
BMI and AMH and oocytes retrieved in infertile women with DOR.
The fact that this association is limited to women with DOR, and
not observed inwomenwithNOR,may inpart explain the discrepancy
in the literature regarding the effect of obesity and IVF outcomes.
Future clinical and basic studies are needed to elucidate further the
complex interactions between obesity and ovarian function.
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