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Abstract

The prevalence of both obesity and hypogonadism in the United States has increased over the

past two decades. While prior studies have shown an association between obesity and secondary
hypogonadism—Ilow testosterone and luteinizing hormone—few have used a large enough sample
size to determine prevalence at each body mass index class. We aimed to compare rates of
secondary hypogonadism among body mass index classes by constructing a retrospective database
with men who had their body mass index, morning testosterone and luteinizing hormone levels
measured during a visit to a urology clinic at a tertiary academic medical center between 2011-
2020. Men previously on testosterone replacement therapy, Clomiphene, or Anastrozole were
excluded. Chi-squared analysis was conducted in “R”.

We found that among the 7 211 men studied, 45.7%, 22.6%, and 4.4% were classified as

having diagnosis of secondary, primary, and compensated hypogonadism, respectively. We found
that obese men and underweight men had increased prevalence of secondary hypogonadism as
compared to men with normal BMI. These findings support the need for routine screening criteria
and personalized advice to patients dealing with secondary hypogonadism.
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Introduction

The prevalence of obesity in the United States (U.S.) has been increasing at an alarming rate
over the past two decades, coinciding with the global obesity epidemic. Between 1999 and
2015 alone, U.S. females and males saw an 8.2% and 11.4% increase in obesity prevalence,
respectively (1). More recent studies project that nearly half of U.S. adults will be obese by
the year 2030 (2). It is well understood that obese individuals have a higher risk of suffering
from type 2 diabetes mellitus, dyslipidemia, hypertension, and cardiovascular disease (3).
Obesity has also been associated with male hypogonadism, a clinical syndrome resulting
from failure of the testis to produce physiological concentrations of testosterone (T), sperm,
or both (4).

Hypogonadism can be classified as primary, secondary, or compensated, depending on

the affected organ and corresponding hormone levels. Primary hypogonadism is defined

by a deficiency at the level of the testes whereas secondary hypogonadism corresponds

to abnormalities of the hypothalamus or the pituitary, and thereby low production of
luteinizing hormone (LH). Compensated hypogonadism has been recognized more recently
as a term that represents a subclinical state that may eventually develop into overt

primary hypogonadism (5). In compensated hypogonadism, T levels are within the normal
range but LH levels are increased. Hypogonadism attributed to obesity is commonly
classified as secondary hypogonadism and thus termed as male obesity-associated secondary
hypogonadism (MOSH) (6).

Several mechanisms have been proposed as the pathogenesis of MOSH, including increased
aromatase activity that facilitates peripheral aromatization of T to estradiol in adipose tissue,
the production of adipokines, and leptin resistance in the hypothalamus (7, 8). Decreased
levels of sex hormone binding globulin (SHBG) previously shown in obese men is also
thought to contribute to MOSH by reducing levels of total T (9). Clinical features of
hypogonadism commonly present when T levels fall below 300 ng/dL and include excessive
fatigue, depressed mood, impaired concentration, and sexual dysfunction manifested as
erectile dysfunction and/or poor libido (10). Symptomatic men who are found to have
hypogonadism are typically treated with testosterone replacement therapy (TRT). Off-label
clomiphene citrate (CC), a selective estrogen receptor modulator, is a commonly used
alternative therapy that indirectly increases serum T in men with functioning Leydig cells
by inhibiting the negative feedback of estradiol onto the hypothalamus (11). The variability
in treatment approach highlights the importance of correctly identifying the underlying
mechanism of hypogonadism in men presenting with the indistinguishable symptoms of
hypogonadism and low T.

In 2006, the Hypogonadism in Males study estimated the prevalence of hypogonadism to be
38.7% among men over the age of 45 years presenting to primary care clinics (12). A more
recent study of 100 men with moderate to severe obesity found that approximately 45%

of them suffered from MOSH (13). Although the association between elevated body mass
index (BMI) and secondary hypogonadism is well-documented, few studies have sampled
large enough populations to determine the prevalence and classification of hypogonadism
at the various BMI classes (5). We hypothesized that as BMI increases, the prevalence of
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secondary hypogonadism also increases. Therefore, the goal of our study was to compare the
prevalence of secondary hypogonadism among men in each BMI class who presented to a
urology clinic at a tertiary academic center between 2011-2020.

Methods

Subjects

We constructed an IRB-approved retrospective database with men who had their BMI,
morning T and LH levels measured during a visit to the urology clinic at a tertiary academic
medical center between 2011-2020. Men previously on testosterone replacement therapy
(TRT), Clomiphene, or Anastrozole for any period were excluded. We utilized data from the
earliest chronologic encounter for men who had multiple visits recorded.

Hormone Measurements

All T and LH levels for patients included in our study were drawn on the same day prior to
10AM. T levels were measured via one of two methods: (1) liquid chromatography/tandem
mass spectrometry (LC/MS/MS) or (2) electrochemiluminescence immunoassay (ECLIA)
per Quest Diagnostics and LabCorp protocols, respectively. LH was measured by ECLIA
per Quest Diagnostics and LabCorp protocols.

Experimental Design

We stratified men by BMI based on CDC BM I classification (Table 1) (14). Gonadal state
was determined using Total T or Free T and LH levels (Table 2). The cutoff level of

Total T of 300 ng/dL is consistent with the American Urological Association to support
the diagnosis of low T and the cut-off established by the laboratory which measured our
population’s T level (15). For Free T, an established cutoff level < 64 was used to identify
patients (16). The LH level of 8 mlU/mL is the cut-off established by the laboratory which
measured our population’s LH level.

Statistical Methods

A Chi-squared analysis was performed to examine the relationship between BMI
classification and gonadal state. All statistical analyses were conducted using R version
4.1.1(17).

Results

This study analyzed data from 7 211 men (Table 3). Based on Total T and LH levels, 3 293
(45.7%), 1 627 (22.6%), and 314 (4.4%) patients were classified as secondary, primary, and
compensated hypogonadism, respectively.

5 252 patients had both Total T and Free T levels measured. Of 2 421 men with secondary
hypogonadism based on Total T levels, 2 396 (98.9%) were also classified as having
secondary hypogonadism when using Free T. 1.1% of patients previously identified as
secondary hypogonadism based on Total T, were re-classified as eugonadal.
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We found that 56% and 61% of men in obesity class Il and I11, respectively, and 63%
underweight men had secondary hypogonadism (Figure 1). The Pearson’s Chi-Squared test
had a X2 = 374.1 (p < .001, df = 15).

Discussion

Previous studies have identified that secondary hypogonadism is associated with elevated
BMI in the general population. The purpose of our study was to compare the prevalence of
secondary hypogonadism among men in each BMI class who presented to a urology clinic
at a tertiary academic center. Among our study participants, we found that obesity class |1
and Il as well as underweight men had a higher prevalence of secondary hypogonadism
compared to normal BMI controls. To our knowledge, this is the first study to identify

this U-shaped distribution of secondary hypogonadism in men presenting to a tertiary care
center.

Our study findings are aligned with those presented in the European Male Ageing Study
(EMAS), which demonstrated that men with a BMI > 30kg/m? had an 8-times higher

rate of secondary hypogonadism (5). While their study showed that 11.8%, 2.0%, and
9.5% of men were classified into the secondary, primary, and compensated hypogonadism
categories, respectively, we found significantly higher rates. This discrepancy may be
explained by the fact that our patients uniformly presented to a tertiary care center with
hypogonadal symptoms. The association between BMI and secondary hypogonadism has
been well-documented, and several mechanisms exist to explain this relationship.

In population-based studies, obesity is the most important contributor to testosterone
deficiency (5). According to the hypogonadal—-obesity—adipocytokine hypothesis, obese
individuals have lower testosterone and higher estrogen hormones secondary to adipose
tissues producing enhanced aromatase enzymes. Testosterone deficiency further facilitates
adipocyte differentiation and inflammation, which results in hypothalamo—pituitary—
testicular (HPT) axis suppression (18). Additionally, insulin resistance is commonly

seen in testosterone-deficient patients. Increased adipocyte differentiation, increased pro-
inflammatory cytokines (TNF-a, IL-1 and IL-6) and decreased adiponectin all contribute to
this phenomenon (19). The hyperinsulinemia decreases kisspeptin signaling, which results in
decreased GnRH release and low LH and T levels (20).

Underweight men may experience secondary hypogonadism due to an adaptive response
to an energy deficit, involving suppression of the hypothalamus due to dysregulation of
ghrelin, leptin, and pro-inflammatory cytokines. This process akin to starvation-associated
amenorrhea often reported in adolescent females, who are unable to mobilize energy from
limited body fat to maintain ovulatory function (16). Previous studies have shown that
obesity is associated with leptin resistance and suppressed hypothalamic kisspeptin gene
expression. In fact, obese men experience an interaction between circulating leptin and
testosterone that promotes a cycle of adiposity and reproductive dysfunction (16, 19).

The study findings are well supported by our large sample size and availability of both
Total T and Free T levels for men. Additionally, the strict inclusion criteria of including
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only men with labs drawn on the same morning and excluding those who were previously
on testosterone replacement therapy (TRT), Clomiphene, or Anastrozole strengthen our
findings. We observed a high consistency rate in secondary hypogonadism diagnosis when
using both Total T and Free T. Limitations of this study include our inability to document
the hypogonadal symptoms experienced by patients using a validated questionnaire.
Additionally, we do not have measurements of sex-hormone binding globulin—an important
transporter of sex hormones—which are known to be decreased in obese patients because

of the high lipid content of the liver (21). Future analyses looking at the changes in BMI
classifications over time, especially in the underweight population, and variations in gonadal
state would be of interest.

Conclusions

Males at BMI extremes (i.e., Obesity Class II-111 and underweight) have a higher prevalence
of secondary hypogonadism. Obese men may have secondary hypogonadism due to
decreased levels of circulating estradiol and sex hormone binding globulin, and leptin
resistance in the hypothalamus. For underweight men, this process may represent an
adaptive response to an energy deficit, involving suppression of the hypothalamus due to
dysregulation of ghrelin, leptin, and pro-inflammatory cytokines. These findings support
screening for secondary hypogonadism in obese men to recommend weight loss and TRT to
reduce cardiovascular related mortality, while increasing caloric intake in underweight men
to improve libido and sexual function.
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Gonadal State Proportion Across BMI Classes
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Figure 1:

Prevalence of secondary hypogonadism based on BMI class
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BMI classification

Table 1:

Classification BMI
Underweight <185
Normal Weight 18.5-24.9
Overweight 25-29.9
Obesity Class | 30.0-34.9
Obesity Class Il -~ 35-39.9
Obesity Class 11l >40
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Table 2:
Gonadal State Classification
Gonadal State Total T (ng/dL) FreeT (pg/mL) LH (mlU/mL)
Eugonadal =300 264 <8
Primary Hypogonadism <300 <64 =8
Secondary Hypogonadism <300 <64 <8
Compensated Hypogonadism =300 >64 >8
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Table 3:
Study Demographics (N = 7211)

Category Total
Underweight 374
Normal Weight 487
Overweight 2221
Obesity Class | 2204
Obesity Class Il 1275
Obesity Class 111 650
Total T mIU/mL () 203.1
Free T pg/mL (u) 21.53
LH ng/dL () 7.785
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