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Abstract

Purpose To evaluate if elevated male body mass influences
success after assisted reproductive technologies

Methods Retrospective study of 290 cycles.

Results Male body mass index greater than 25.0 kg/m® was
associated with significantly lower clinical pregnancy (53.2%
vs. 33.6%). Multivariable logistic regression indicated that
the likelihood of clinical pregnancy was decreased if the
male partner was overweight after in vitro fertilization but
not after intracytoplasmic sperm injection (odds ratios: 0.21
[0.07-0.69] vs. 0.75 [0.38-1.49], respectively) after adjust-
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ment for number of embryos transferred, sperm concentra-
tion, female age and body mass.

Conclusion In this cohort, overweight status of the male
partner was independently associated with decreased likeli-
hood of clinical pregnancy after in vitro fertilization but not
after intracytoplasmic sperm injection. A detrimental impact
of higher male body mass was observed after adjusting for
sperm concentration, suggesting that intracytoplasmic sperm
injection may overcome some obesity related impairment of
sperm-egg interaction.

Keywords Male obesity - In vitro fertilization -
IVF/ICSI outcome - Assisted reproduction

Introduction

The burgeoning obesity epidemic is predicted to precipitate
a decline in life expectancy in the 21st century [1, 2].
Currently, 32% of U.S. adults are obese as defined by a
body mass index (BMI) of greater than 30 kg/m? [3]. If this
trend continues, 75% of US adults will be overweight or
obese (BMI of greater than 25 kg/m?) and 41% will be
obese by 2015 [4]. The reproductive consequences of female
obesity are manifested by a variety of disturbances, including
menstrual cycle irregularities, anovulation, higher risk of
miscarriage and infertility, and decreased chances of success
after fertility treatment [5—7]. Obese women with an
overweight or obese male partner have up to twofold further
loss in fertility as compared to their obese counterparts with
normal weight partners [8]. A dual loss of fertility is more
likely, however, because overweight and obese women tend
to marry or cohabit with men of similar weight [9, 10].

On a population level, several large observational studies
have recently demonstrated an association between obesity
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and male infertility. Data from US farmers indicated that
each 3-unit rise of BMI was associated with a 12 %
increase in prevalent infertility [11]. Similarly, Danish
National Birth Cohort records indicated a dose-response
relationship between male adiposity and increased time to
pregnancy [8]. Further, data from over 26,000 Norwegian
pregnancies revealed that the detrimental influence of male
obesity on fertility was present even when coital frequency
data was included in the analysis, suggesting that this effect
was not mediated by sexual dysfunction [12].

Overweight and obese males exhibit reduced semen
parameters. A study of over 500 infertile couples from Utah
has shown that large body mass tripled the relative risk of
oligospermia and reduced total motile count in men with
BMI over 30 kg/m? [13]. Similar associations were reported
in healthy young Danish men reporting for a pre-army
physical [14] and Egyptian infertility patients [15]. In
further support of these observations, increased DNA frag-
mentation has been demonstrated in sperm from obese men
[16-18]. While the precise mechanism remains uncertain,
adiposity leads to reproductive hormonal changes that may
alter spermatogenesis [18, 19].

In this current study we hypothesized that an elevated
male BMI would be associated with decreased success
following assisted reproductive technologies (ART). We
further hypothesized that intrinsic sperm dysfunction
secondary to obesity would be associated with decreased
pregnancy rate in ART cycles and that this deficit would be
at least partially reversed by the use of intracytoplasmic
sperm injection (ICSI). We examined our local cohort of
patients to address these questions.

Materials and methods
Patients

Expedited approval for the study was obtained from the
institutional review board of the Montefiore Medical
Center. All IVF and ICSI cycles at Montefiore’s Institute
for Reproductive Medicine and Health between January
2004 and December 2008 were identified. Analysis was
limited to fresh embryo transfer cycles utilizing autologous
oocytes and partner’s sperm for which complete informa-
tion was available (N=290). Patient characteristics for the
IVF and ICSI cycles were evaluated, including age and
BMI for the male and female partners, female day-3
follicle-stimulating hormone (FSH) level and parity, as well
as cause of infertility. BMI was calculated using the height
and weight from the patient records at Montefiore’s
Institute for Reproductive Medicine and Health. Female
weight was measured; male weight was provided by self-
report. Male BMI was categorized based on the World
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Health Organization (WHO) cutpoints of underweight
<18.5 kg/m*; normal, 18.5-24.9 kg/m?; overweight, 25—
29.9 kg/m?, and obese, >30 kg/m?* [20] and also dichoto-
mized as less than or greater than 25 kg/m?. Analyzed cycle
characteristics included sperm concentration, volume and
motility, the type of oocyte insemination (IVF or intra-
cytoplasmic sperm injection [ICSI]), number of oocytes
retrieved, total number of embryos available on day 3, the
number of embryos transferred, and the outcome of the
transfer (i.e., clinical pregnancy defined as intrauterine
gestational sac on transvaginal sonogram).

Protocol for Controlled Ovarian Hyperstimulation (COH)

Standard protocols were followed per routine clinical
practice, as previously described in detail [21]. Briefly,
suppression of the endogenous luteinizing hormone surge
was done with either GnRH agonists or antagonists. COH
was achieved with injectable gonadotropins and transvaginal
ultrasound guided oocyte retrieval was performed 34 h after
human chorionic gonadotropin (hCG) injection. Patients met
criteria for hCG injection when at least 2 follicles had a mean
diameter of greater than 17 mm. Retrieval of oocytes was
followed by insemination with or without ICSI, as per clinical
practice at our center in accordance with general recommen-
dations [22]. Fertilization was evaluated 12 to 20 h after
insemination. The presence of two pronuclei confirmed
normal fertilization. Embryo transfers were performed using
a Echotip (Cook Ob/Gyn Spencer, IN) or Sure-View (Smiths
Medical, UK) catheter. Luteal support was provided with
intramuscular injections of progesterone in oil (50 mg daily).
The cycle outcomes were categorized by occurrence of
clinical pregnancy. The implantation rate was calculated as
the number of intrauterine gestational sacs identified on
transvaginal ultrasound per number of embryos transferred.
Luteal support with P was continued until documentation of
the fetal cardiac activity, and subsequently tapered off.

Statistical analysis

Clinical pregnancy after IVF or ICSI was regarded as the
outcome of interest. Associations between demographic
and clinical characteristics of the patients and the ART
outcome were assessed using Student’s t-test (for data
demonstrating a Gaussian distribution) of Mann-Whitney U
test (for skewed data) for continuous variables and chi-
square for categorical variables. In addition to bivariate
analyses, multivariable logistic regression was conducted to
determine predictors of clinical pregnancy with male BMI as
the independent variable of interest. In order to determine
whether the impact of male weight varied by the method of
fertilization, the multivariable logistic regression models were
stratified by the use of ICSI. Because of the relatively small
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numbers for the outcome of interest, clinical pregnancy (n=33
for men with normal BMI), a propensity score analysis was
used to adjust for covariates of importance without unduly
burdening the statistical models [23]. Briefly, a propensity
score was derived from a separate multivariable model
(linear or logistic, as appropriate) incorporating the adjustment
covariates of interest. Subsequently, this score was used as a
single adjustment variable (summarizing the included cova-
riates) in the logistic regression models that were used to
determine the association between the ART outcome and the
independent variable of interest (male overweight status).
Separate sensitivity analyses were conducted by excluding
those who had cycle cancellation, severe oligospermia, or
the lowest quartile for the total motile sperm count. The
strength of association between clinical pregnancy after
IVF and ICSI in males with BMI over 25 kg/m? is
presented as an odds ratio (OR) with 95% confidence
interval (CI). All statistical tests used a two-tailed alpha of
0.05. Analyses were performed using STATA 9.2 (StataCorp
LP, College Station, TX).

Results

115 cycles resulted in clinical pregnancy (40%). Out of 290
analyzed cycles, eight were cancelled prior to oocyte
retrieval (cancellation rate of 3%). 6 cycles were cancelled
for poor response and 2 for family or psychological reasons.
Patients who achieved clinical pregnancy had a greater
number of embryos available on Day 3 and a significantly
higher number of embryos transferred (Table 1). When male
BMI was considered by WHO categories, normal male
BMI (18.5-24.9 kg/m?) was associated with a significantly
higher clinical pregnancy rate (Fig. 1). There were no
underweight men in our analytic sample. As the clinical
pregnancy rate was nearly identical among male patients in
the overweight (BMI of 25.0-29.9 kg/m?) and obese ranges
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Fig. 1 Title: outcome of ART by male body mass

(BMI>30 kg/m?), the remainder of the analysis was
conducted by dichotomized male BMI: couples with normal
male body mass vs. couples with male BMI >25 kg/m®.

The patient and cycle determinants were evaluated by
male BMI in order to determine which variables could
potentially mediate the relationship between ART success
and male body mass (Table 2). Accordingly, couples with a
higher male BMI were found to also have a significantly
higher female BMI, a greater number of embryos transferred
and a lower clinical pregnancy rate. In the multivariable
logistic regression analysis, the final model was stratified by
the use of ICSI in order to account for the impact of the
method of fertilization. After adjustment for female age,
female BMI, number of embryos transferred and sperm
concentration, male overweight status was negatively associ-
ated with ART outcome in IVF but not in ICSI cycles
(Table 3). For men with a BMI over 25 kg/mz, there was an
approximately 79% reduction in the likelihood of clinical
pregnancy in cycles for which conventional insemination
was used.

Table 1 Patient and cycle
characteristics by ART outcome

Continuous variables are
presented as mean (standard
deviation) if normally distributed
or median (interquartile range) if
skewed. Categorical variables are
presented as percent (n)

#Student Test
®Chi square
¢ Mann-Whitney

Variable Clinical pregnancy (n=115)  Not pregnant (n=175)  P-value
Female Age, years 345 (4.4) 352 (4.4) 0.16*
Primary infertility, % 33.0 (38) 43.4 (76) 0.07°
Nulliparity, % 35.7 (41) 31.4 (55) 0.45°
First ART cycle, % 59.1 (68) 45.1 (79) 0.47°
FSH, mIU/ml 7.5 (2.6) 7.5 (2.7) 0.89
Female BMI, kg/m> 25.5 (5.4) 26.0 (5.9) 0.48
Male BMI, kg/m? 27.4 (4.1) 28.6 (4.3) 0.02* ¢
GnRH agonist luteal suppression, %  80.9 (93) 74.3 (130) 0.19°
Oocytes retrieved 12 (8-17) 11 (7-16) 0.14*
ICSL, % 72 (83/115) 75 (126/167) 0.53°
Embryos available on Day 3 6 (3-9) 4 (2-7) <0.01 ¢®
Embryos transferred 2.6 (0.8) 2.3 (1.0) <0.01% ¢

9 Denotes statistical significance
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Table 2 Patient and cycle characteristics by male body mass

Variable Male BMI<25 kg/m® (n=62) Male BMI>25 kg/m? (n=228) P-value
Male Age, years 37.2 (8.5) 38.4 (7.5) 0.29*
Female BMI, kg/m> 23.7 (4.4) 26.4 (5.9) <0.01% ¢
Sperm concentration, million/ml 30 (18-54) 29 (10-45) 0.11°
Total motile sperm, million 25.2 (12.1-51.2) 21.8 (7.9-49.7) 0.52°
Severe Oligospermia (<Smillion/ml), % 4.8 (3) 12.3 (28) 0.09°¢
ICSI, % 71.0 (44/62) 75.0 (165/220) 0.50
Embryos available on Day 3 6 (2-10) 4 (3-7) 0.31°
Embryos transferred 2.2 (0.9) 2.5 (1.0) 0.02*
Clinical Pregnancy, % 53.2 (33) 36.0 (82) 0.01°°
Implantation rate, % 54.1 41.8 0.09¢

Continuous variables are presented as mean (standard deviation) if normally distributed or median (interquartile range) if skewed. Categorical

variables are presented as percent (n)
#Student Test

b Mann-Whitney

© Chi square

9 Denotes statistical significance

There was no significant association between female BMI
and ART success when the entire cohort was evaluated.
However, when the impact of female BMI was considered in a
subset of women younger than 32, there was a suggestion of a
lower female BMI for the couples who achieved a clinical
pregnancy as compared to their unsuccessful counterparts
(25.2 kg/m? vs. 27.1 kg/m?, respectively, p=0.20). Sensitivity
analyses were performed to determine whether several
potential factors (cycle cancellation, severe oligospermia, or
the outliers for the total motile sperm count) might have
biased the observed association between the clinical preg-
nancy rate and male body mass. For all tested subsets, the
association of male BMI over 25 kg/m® and ART success
remained statistically significant and the point estimates
remained similar to that of the full cohort (data not shown).

Discussion
Female obesity has been well characterized as having a

detrimental influence on fertility. The relationship between
obesity and anovulation has been recognized since at least

1950s when Rogers and Mitchell described menstrual
irregularity in women with large body mass [24]. Large
body mass triples the relative risk of ovulatory infertility in
women with BMI of greater than 27 kg/m* [25]. However,
even when menstrual cyclicity is preserved, obesity prolongs
the time to pregnancy and is associated with decreased
fecundity [26-28]. Although studies on the effects of obesity
on ART have produced conflicting results, a recent meta-
analysis of 21 studies concluded that women with BMI
greater than 25 kg/m® had a significantly lower chance of
clinical pregnancy as compared with normal weight women
[29]. A potential breakthrough in understanding the precise
relationship between obesity and ART success came from a
recent study showing that at younger ages high female BMI
had a pronounced negative influence on fertility, but after
age 36, body mass had a minimal impact on fertility [30]. In
contradistinction to the avalanche of data on female obesity
and ART, knowledge on the influence of male body mass on
IVF success is scarce.

Herein we confirm and extend the existing body of literature
by our observation of a detrimental influence of male obesity
on success after ART. We also describe a decreased chance of

Table 3 Likelihood of clinical pregnancy after ART, presented as odds ratio (95% confidence interval)

Determinant IVF

ICSI

Male BMI >25 kg/m2
Unadjusted
Adjusted®

0.20 (0.06-0.66)°, p=0.01
0.21 (0.07-0.69)°, p=0.01

0.74 (0.37-0.45), p=0.38
0.75 (0.38-1.49), p=0.41

# Propensity score analysis, adjusting for female age, female BMI, number of embryos transferred and semen concentration

b Statistically significant
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clinical pregnancy after conventional IVF but not after ICSL.
Of interest, conventional semen parameters were not signifi-
cantly associated with male overweight status. Further, the
relationship between male obesity and ART success persisted
after adjustment for semen factors, confirming the independent
nature of this association in our study sample. Thus, our
findings suggest that ICSI overcomes some as yet uncharac-
terized aspect of obesity related sperm dysfunction. Lastly, as
revealed by the sensitivity analyses, cycle cancellation or
extremes of semen parameters did not affect our findings.

The biological plausibility of an association between
male obesity and impaired fertility is supported by obesity-
related alterations in reproductive hormones and sperm
function. Mirroring pathophysiology of obesity in women
[31], relative hypogonadotropic hypogonadism in obese
men has been described as a selective reduction of LH
pulse amplitude and significantly depressed testosterone
[19]. A dose-response relationship between hypoandrogen-
ism and the degree of obesity has also been reported and is
thought to occur in concert with a corresponding increase in
circulating estrogens [32, 33]. The prevalence of oligosper-
mia is higher in obese men as compared to their normal
weight counterparts [14], whereas negative correlation
between BMI and sperm concentration has also been noted
for the entire range of both parameters in some populations
[17]. Further, the altered hormonal milieu in obese males
have been linked with significantly increased DNA sperm
fragmentation when compared to normal weight men [18].

The urgent need to obtain a better understanding of the
impact of obesity on reproduction is highlighted by its
significant public health ramifications. Obesity is a potentially
modifiable health risk. Effects of weight loss on reproductive
success for women have been studied and are overwhelmingly
beneficial [34]. Weight loss brought about by bariatric surgery
in morbidly obese women has been reported to improve
ovulation and pregnancy rates [35, 36]. The idea of
advocating weight loss to women prior to conception or
infertility treatment has been advocated by health care
practitioners [37], and, in some countries, access to IVF for
obese women is subject to governmental regulation based
upon body size [38]. Conversely, the hazards of obesity on
male fertility are rarely acknowledged and the impact of weight
reduction on male reproduction remains poorly understood.
With the exception of one case report of unexplained
spermatogenic arrest after bariatric surgery-induced weight
loss [39], there is a paucity of studies assessing the impact of
weight loss on male reproductive success, assisted or
unassisted. Obese men showed an overall improved repro-
ductive hormone profile, with an increase in SHBG and
testosterone and decrease in estrogen after bariatric surgery
induced weight loss [40, 41]. Accordingly, our findings
provide an additional argument to study the effects of weight
reduction in infertile men.

Limitations of our study include its retrospective nature
and relatively small sample size. It should be acknowledged
that any observational study is inherently limited by
potentially unidentifiable influences that could play a role
in clinical decisions and may represent unknown confound-
ers. To minimize these limitations we employed multivar-
iable analysis to control for factors that co-vary with
clinical pregnancy and male body mass. We also performed
a series of sensitivity analyses that support the primary
findings. Another drawback is the fact that determination of
male weight was made by self-report. While self-reported
weight is generally subject to underestimation, this phenom-
enon appears to be modest in male subjects [42]. Nonetheless,
significant underreporting of weight might result in misclas-
sification of some men in our analytic sample and, thus,
dilute the impact of overweight. Additionally, we did not
observe an association between female BMI and ART
success. However, as shown by Sneed et al., it is likely that
the impact of BMI on ART is only manifested at younger
female ages, whereas after age 36 the effect of chronological
aging appears to dominate any BMI effect [30]. We did not
have sufficient power to consider the relationship between
female BMI and ART outcome in detail; however, among
women younger than 32, there was a suggestion for lower
female BMI in successful couples.

In summary, in our cohort high male BMI is a negative
predictor of success after ART. The finding of decreased
likelihood of clinical pregnancy after IVF but not after ICSI
is intriguing and suggests that ICSI may overcome an
uncharacterized aspect of sperm dysfunction related to
obesity. Prospective studies are needed to corroborate our
results. It remains to be confirmed whether male obesity is
a direct cause of unsuccessful ART outcome or whether this
association could be due to other factors shared by both
entities. Finally, it should be stated that the current study
does not provide an argument to advocate for ICSI of all
ART cycles for overweight men. Rather, our objective was
to extend to the ART population what is already known
about the detrimental effects of obesity on male fertility in
epidemiologic studies. More attention is needed toward
evaluating the full impact of adiposity on male fertility as
the current obesity epidemic is continuing unabated.
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