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Abstract
Objective—To examine the relationship of male obesity and reproductive function.
Design—Ohbservational study
Setting—Academic medical center
Patients—87 adult males, body mass index (BMI) range from 16.1 to 47.0 kg/m? (mean = 29.3 kg/
m?2 ,SD=6.5 kg/m?).
Interventions—None

Main Outcome Measures—Reproductive history, physical examination, inhibin B, FSH, LH,
testosterone, unbound testosterone (uT) levels and semen-analysis.

Results—BMI was negatively correlated with testosterone (R =—0.38, P <0.001), FSH (R =-0.22,
P =0.042) and inhibin B levels (R = —0.21, P = 0.048), and was positively correlated with estradiol
levels (R = 0.34, P = 0.001). Testosterone also negatively correlated with skin fold thickness (SFT)
(R =-0.30, P = 0.005). There was no correlation of BMI or SFT with semen-analysis parameters
(sperm density, volume, motility or morphology). Inhibin B level correlated significantly with sperm
motility (R = 0.23, P = 0.045). Males with paternity had lower BMIs (28.0 kg/m? vs. 31.6 kg/m?; P
=0.037) and lower SFT (24.7 mm vs. 34.1 mm; P = 0.016) than males without.
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CAPSULE: Increasing BMI among men is associated with lower testosterone, FSH and inhibin B levels, higher estradiol levels and
reduced fertility as expressed by paternity.
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Conclusions—Obesity is an infertility factor in otherwise normal males. Obese males demonstrate
a relative hypogonadotropic hypogonadism. Reduced inhibin B levels and diminished paternity
suggest compromised reproductive capacity in this population.
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INTRODUCTION

Infertility, generally defined as the inability to conceive after one year of unprotected
intercourse, affects approximately 15% of couples in Western countries (1,2). In almost half
of these couples, a male fertility factor is involved (2). It has been known for some time that
obese males exhibit altered levels of circulating sex steroids; decreased levels of total
testosterone (T) and sex hormone binding globulin (SHBG) and increased estrogens levels
(3). Most studies have shown an inverse correlation between obesity and testosterone and a
direct correlation with estrogen (3-7). Decreased follicle stimulating hormone (FSH) and
inhibin B levels are also found in obese male populations (5).

Inhibin B, a gonadal glycoprotein hormone, negatively inhibits FSH production and release
from the pituitary gland. It is a novel, sensitive marker of spermatogenesis (8,9). Subnormal
serum levels of inhibin B correlate with abnormal spermatogenesis (9). In cryptorchid men,
inhibin B levels and paternity are both significantly reduced, suggesting that inhibin B may be
a marker of both testicular malfunction and paternity (10). In obese infertile females, inhibin
levels are inversely related to BMI, suggesting a relationship between these parameters (11).
Increasing BMI in males is associated with decreased levels of serum T, SHBG and inhibin B
and increased free androgen index and estradiol levels (5).

Infertility may be more prevalent among men with elevated BMIs. Forty percent of men
presenting to one infertility clinic were overweight (12). However, the relationship between
male obesity and other fertility parameters has not been well established. Decreased T, SHBG
and testosterone/estrogen ratios have been documented among infertile obese men compared
with infertile non-obese men and fertile obese men (13). Additional studies regarding the
association of obesity parameters and reproductive hormone levels with semen analyses and
paternity are lacking. The aim of the current study was to investigate these relationships in
otherwise normal populations of obese and non-obese men.

MATERIALS AND METHODS

Over a three-year period (from July 2000 to August 2003), a prospective sample of adult males
(N =87, age range 19-48 y) were enrolled in a study protocol at the Penn State College of
Medicine Hershey Medical Center in Hershey, PA. Inclusion criteria included: males age 18
or older who were able to provide a blood and semen sample, were willing to undergo a physical
exam, complete a survey and could give informed consent. Males with a history of varicocele
or prior vasectomy were excluded. Institutional review board approval was obtained prior to
the start of the study and written informed consent was obtained prior to examination and
collection of blood and semen samples. None of the men had any major illnesses or chronic
disease.

Men for this protocol were recruited from two sources. The first group was fathers of babies
born at our Ob/Gyn practice. The second group was couples seeking fertility assistance from
the Division of Reproductive Endocrinology. Men whose female partners had an identified
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cause of infertility and who themselves had no other history of infertility were invited to
participate.

All subjects were evaluated by one of the primary investigators (PAL). Physical examination
included measurements of height, weight and arm skin-fold thickness (SFT). Current BMI was
calculated for all subjects according to the formula BMI = weight (kg) / stature (m?). Arm SFT
(inmm) was measured using standard calipers. Testicular examination evaluated for previously
undiagnosed testicular pathology. Testicular volume (in ml) was determined from
measurements of the long and short axis using standard conversion tables.

Subjects also completed a questionnaire including information about demographics, health and
paternity status (including a history of infertility in self or partner) and life-style factors
(including smoking history).

Semen was analyzed according to the World Health Organization (WHO) guidelines on
samples obtained by masturbation after 48—72 hours of abstinence (14). All semen analyses
were performed in our andrology laboratory, with observers blinded to the study design. The
normal values used for the analysis included a semen volume of >2.0 mL and a semen
concentration of >20 x 10%/mL.

Hormonal analysis was performed from a single venipuncture obtained between 08:00 and
10:00 a.m. Blood samples were analyzed for inhibin B, FSH, lutenizing hormone (LH),
testosterone, free testosterone and estradiol. As some males in this study had partners
undergoing infertility treatment, they too may have had a prior medical evaluation for
infertility. Only the blood and semen samples obtained after study enrollment and completion
of physical examination and were used for statistical analysis.

Inhibin-B was analyzed by enzyme immuno-assay on a microtiter plate using standard reagents
(Oxford Bio-Innovation LTD, Oxfordshire, UK) Interassay precision averaged 12% at an
inhibin-B concentration of 327 pg/ml The assay has a functional sensitivity of 15 pg/ml. FSH
and LH levels were analyzed by the Delfia® fluoroimmunoassay method. The lower limits of
detection were 0.15 U/L for LH and 0.50 U/L for FSH. Testosterone was determined using the
solid phase 1125 radioimmunoassay (Diagnostic Products, Los Angeles, CA). Free and weakly
bound testosterone was determined using an ammonium sulfate precipitation method. The
functional sensitivity of the total testosterone assay is 10 ng/dl. Estradiol levels were
determined by radioimmunoassay using | 12 labeled estradiol in an antibody coated tube
format (Diagnostic Products). Assay sensitivity is 10 pg/ml with an interassay imprecision of
8% at a mean concentration of 42 pg/ml.

All samples could not be measured in the same assay because of the total number of sample
assayed and the duration of time required to collect the samples. Samples from the same subject
were batched for assay when possible. The reference ranges for these assays in our laboratory
for normal adult males can be found in Table 1. The intra- and interassay coefficients of
variation for these assays were < 10%.

Descriptive data are reported as means and standard deviations for continuous measurements
and as frequencies and percentages for categorical measurements. Bilateral arm SFT was
calculated by summing the right and left arm skin-fold thicknesses. One subject had an inhibin
B value below the lowest detectable limit and was assigned a value of 15 pg/mL for statistical
purposes Males were classified as having a history of paternity if they had fathered any
pregnancies with their current or previous partners, including spontaneous or elective
abortions.
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Baseline characteristics were compared between males with and without a history of paternity
using a two-sample t-test for continuous measurements or a chi-square test for categorical
measurements. The association between markers of fertility including serum sex-hormone
levels and semen analysis parameters, and indices of body fat including BMI and bilateral arm
skin-fold thickness, were quantified using Pearson’s correlation coefficients (R) and 95%
confidence intervals. Analyses were not adjusted for multiple hypothesis testing. All statistical
comparisons were performed using the SAS software package (SAS v. 9.1, SAS Institute Inc.,
Cary, NC).

Baseline patient characteristics

Of the males evaluated in this study, fifty-seven (68%) had a history of paternity with either

their current partner or a previous partner. Men with or without a history of paternity did not
differ significantly with respect to tobacco usage, age or systolic and diastolic blood pressure
(Table 2). Males with paternity had a significantly lower BMI (28.0 kg/m? vs. 31.6 kg/m?; P
=0.037) and bilateral arm skin-fold thickness (24.7 mm vs. 34.1 mm; P = 0.016) compared to
males without a history of paternity.

Body fat indices vs. serum hormone analysis

Mean BMI was 29.3 kg/m? (SD=6.5 kg/m?), (range: 16.1 — 47.0 kg/m?). The strength and type
of associations of serum hormone levels and indices of body fat can be found in Table 3. Serum
testosterone levels were negatively correlated with BMI (R = —0.38, P < 0.001) and with
bilateral arm skin-fold thickness (R = — 0.30, P = 0.005) (Figure 1a and 1b). Although there
was no significant correlation with unbound testosterone, percent free testosterone was
positively correlated with BMI (R =0.23, P = 0.035). BMI was also negatively correlated with
inhibin B levels (R=—-0.21, P = 0.048 and with FSH (R =—-0.22, P = 0.042), and was positively
correlated with estradiol (R =0.34, P = 0.001) (Figure 1c, 1d, and 1e respectively). The
association of BMI and LH approached significance (R = —0.20, P = 0.068) for a negative
correlation.

Body fat indices and inhibin B levels vs. semen analysis

There was no correlation of BMI or bilateral arm skin-fold thickness with any of the semen
analysis parameters, including sperm density, semen volume, total motile sperm (including
both rapid progressive and slow progressive sperm) and motility percentage as determined by
Kruger criteria. Inhibin B was not correlated with any semen analysis parameters except for
an association with motility (R = 0.23, P = 0.045) (Figure 1f).

Body fat indices and inhibin B levels vs. physical examination

There was no statistically significant relationship between BMI and right (R = 0.05, P = 0.692),
left (R = 0.10, P = 0.454), or combined (R = 0.06, P = 0.627) testicular volume or between
inhibin B and right (R = 0.15, P = 0.256), left (R = 0.05, P = 0.714) or combined (R =0.17, P
= 0.170) testicular volume.

DISCUSSION

Obese men in this study were less likely to have a history of paternity compared to non-obese
men and they had circulating reproductive hormone profiles consistent with diminished
reproductive capacity. Serum testosterone and FSH levels were lower and estradiol levels
higher with increasing obesity, findings consistent with those previously described in otherwise
healthy obese males (4,16). These data suggest a partial hypogonadotropic hypogonadism
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based upon decreased FSH and low normal LH levels. Such reduced pituitary FSH stimulation
could adversely affect Sertoli cell function, inhibin B and sperm production(5), as well as
Leydig cell testosterone production.

A hypothesized mechanism for these changes involves the aromatase enzyme, capable of
converting C19 steroid precursors into C18 estrogens, and present in adipose tissue. Increased
amounts of adipose tissue would lead to increased conversion of testosterone to estrogen (4,
7); consistent with higher estrogen levels reported to be associated with obesity (3,4,13). Such
peripheral steroid conversion would result in decreased testosterone levels and increased
estrogen including estradiol levels noted elsewhere (4,7). Suppressed levels of SHBG found
in obese men could also lead to greater bioavailability of androgen than estrogen given the
preferential binding and sequestration of androgen over estrogen by SHBG (17)

Such altered levels of sex steroids could feed back at the hypothalamic axis to suppress
gonadotropins, especially FSH. The inhibin B data reported here are consistent with inhibition
at the pituitary level. Although the decreased inhibin B levels seen with obesity should result
in increased FSH production, the decreased FSH levels reported here and elsewhere (16,18)
suggest that the pituitary gonadotropin output, particularly FSH, is suppressed. A recent study
found a similar inverse relationship between obesity and inhibin-B levels in healthy young
adult males, but no effect of obesity on FSH levels (19).

That LH levels were not significantly lower in this and previous studies (13,16) suggests normal
Leydig cell stimulus for testosterone production and an essentially normal level of feedback
inhibition by unbound testosterone (which was not correlated with BMI). Decreased production
of SHBG would be necessary to have normal unbound testosterone in the face of lower than
normal total testosterone levels. While not investigated in this study, such a decrease in SHBG
has been found in obese males in prior studies (3,4,7,17) and would account for the seemingly
normal bioavailability of testosterone.

Because there were no statistically significant changes in semen analysis parameters, it can be
argued that the described hypogonadotropic-hypogonadism is mild. Strain and colleagues
reached this conclusion, noting that their study population showed no changes in semen
volume, sperm count and sperm motility, libido and potency with increasing obesity (16). Until
recently, there has been little evidence that the hormonal changes associated with obesity result
in changes in semen analysis parameters or in an overall decreased paternity in an obese
population. However, a recent study of a large cohort of Danish men showed that both high
and low BMI was associated with reduced semen quality (5). In overweight men (BMI > 25
kg/m?) there was a reduction in sperm concentration and total sperm count (5).

Serum inhibin B levels have been demonstrated to be a sensitive marker of spermatogenesis,
indicating quantity and functionality of seminiferous tubules (10,20). Cryptorchid males, for
example, have significantly smaller testicular volumes, lower inhibin B levels and decreased
sperm counts (10,21). Because there was no significant association of testicular volume (the
surrogate marker for seminiferous tubule mass) with BMI, the lower concentrations of inhibin
B in obese males seems to indicate decreased tubule function not yet resulting in decreased
tubular volume.

Our study involved only a single blood sample for hormone determinations. Since
gonadotropin secretion displays a pulsatile pattern, and other studies have noted decreases in
the mean levels of LH and LH pulse amplitude in obese adult men (22), more frequent sampling
may have documented lower levels. Inhibin-B levels are less pulsatile and tend to exhibit a
diurnal variation similar to circulating testosterone levels (23). A larger sample size as indicated
by the Danish study may be able to detect subtle defects (5) Further, a larger sample size may
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show stronger associations because many of the correlations from our study, although
statistically significant, were relatively weak (R < 0.30).

While our data support the assertion that the hormone changes found with obesity are mild and
not associated with significant differences in semen analysis parameters, they seem to indicate
clinically discernable alterations in fecundity; measurable decreases in inhibin B levels,
indicative of seminiferous tubule dysfunction, and decreased paternity. This supports the
hypothesis that male obesity is an infertility risk factor, which together with other subtle risk
factors may decrease fertility. Obesity may affect fertility by diminishing libido or by affecting
sexual performance. Obesity has been associated with erectile dysfunction (24).

In conclusion, obesity is an infertility factor in otherwise normal males. Obese males
demonstrate a relative hypogonadal hypogonadism. Reduced inhibin B levels and diminished
paternity suggest compromised reproductive capacity in this population. Serum inhibin B
levels may therefore be a more sensitive means of detecting compromised fertility than semen
analysis characteristics. There may be a clinical role for the measurement of inhibin B as a
marker of compromised fertility in obese males.
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Table 1
Normal adult male hormonal assay reference ranges
Hormone Assayed Reference Rangel

ESH 2.3-13.6 U/L
LH 2.0-12.6 U/L

Testosterone 285-980 na/dL
Eree testosterone 12-40 pa/dL
Estradiol 15-40 pa/ml

Inhibin B 110-365 pa/mL
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Table 2
Baseline characteristics of subjects with and without a history of paternity
Paternity Mean (SD) No paternity Mean (SD) Mean Difference (95% P Value
ch
Adge (vrs) 32.4(5.8) 31.3(5.0) -1.1(-3.7.1.6) 0.430
BMI (ka/m?) 28.0 (5.0) 31.6 (8.0) 3.6 (0.8.6.5) 0.037
Diastolic Blood pressure (mmHq) 77.2(7.8) 80.1 (7.6) 2.9(-0.9 6.6) 0.128
Systolic Blood pressure (mmHg) 130.3(12.5) 128.3(13.7) —2.0(-8.2.42) 0.523
Bilateral Arm Skin-fold Thickness 24.7 (11.7) 34.1(17.6) 9.5(2.9,16.0) 0.016
(mm)
Smoking 12 (28.6%) 8 (32.0%) 0.767

*
N(%) and Chi-Square test are reported for the proportion of men who have smoked.
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Associations of serum hormone levels and indices of body fat

Table 3

Page 11

BMI (kg/m?)

Bilateral Arm Skin-Fold Thickness (mm)

Pearson Correlation Coefficient] P Valug Pearson Correlation Coefficient P Valug

(95% CI) (95% CI)
ESH (U/L) —0.22 (-0.41, —0.01) 0.042 —0.05(=0.26, 0.17) 0.645
LH (U/L) —0.20 (=0.39, 0.01) 0.068 —0.09 (-0.30, 0.12) 0.395
Testosterone (ng/dL) —0.38 (-0.55, —0.18) <0.001 —0.30 (-0.48, —0.09) 0.005
Unbound Testosterone (na/dL) —0.18 (-0.38, 0.03) 0.091 —0.13 (-0.34, 0.08) 0.225
% Free Testosterone 0.23(0.02, 0.42) 0.035 0.18 (-0.03, 0.38) 0.093
Inhibin B (pa/mL) —0.21 (-0.41, —0.002) 0.048 —0.10(-0.31, 0.12) 0.365
Estradiol (pa/mL) 0.34(0.13, 0.51) 0.001 0.21 (-0.002, 0.41) 0.052

Conversion to Sl units: Testosterone x 3.467= nmol/L, Estradiol x 3.671 = pmol/L, Inhibin x 1.0 = pmol/L
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