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Abstract
Purpose of Review As the prevalence of diabetes mellitus grows worldwide, it is increasingly important to understand the
commonly comorbid urologic conditions, hypogonadism and erectile dysfunction, in the setting of the diabetic man. The
relationship between the diabetes, hypogonadism, and erectile dysfunction is complex with significant interplay among the
disease processes and potential for unique management of the triad. The purpose of this review is to provide an update on the
intertwined nature of these diseases in diabetics with special consideration for pathophysiology, diagnosis, and management.
Recent Findings There is a wide range of pathophysiologic mechanisms central to hypogonadism and erectile dysfunction in
diabetes mellitus which continue to be identified and better elucidated; nevertheless, metabolic syndrome, composed of insulin
resistance, dyslipidemia, hypertension, and obesity, appears to be the common thread between both. An increasing body of
evidence suggests that low testosterone is an independent risk factor for cardiovascular disease and worsened overall survival in
diabetic men with potential that testosterone therapy may reduce these risks. The treatment of either erectile dysfunction or
hypogonadism in diabetic men may also improve the other condition; some evidence suggests that testosterone therapy in
hypogonadal diabetics may improve erectile function while daily vardenafil, in addition to improving erectile function, appears
to restore hypogonadal diabetics’ testosterone to the eugonadal range.
Summary Metabolic syndrome appears to be the central connection between the increasingly common clinical picture of diabetic
men with erectile dysfunction and hypogonadism. The overlapping pathophysiology of these conditions results in unique
management considerations.
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Introduction

Diabetes mellitus (DM) continues to be one of the most dev-
astating diseases in the world despite innovative and evolving
treatment options. In 1980, the worldwide prevalence of DM
was estimated to be 4.7%. As of 2014, this number had almost
doubled to 8.5% representing a total of 422 million adults
globally [1]. The disease is known not only for its widespread
prevalence, but also for its significant complications including
cerebrovascular disease, coronary artery disease, renal failure,
vision loss, and neuropathy. Of particular importance to sexual
medicine, diabetes has also been strongly associated with both
hypogonadism and erectile dysfunction (ED).

The prevalence of ED in DM patients is quite high, even
when controlling for other comorbidities like hypertension [2,
3]. A recent, robust meta-analysis showed the prevalence of
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impotence to be as high as 37%, 66%, and 58% in type 1, type
2, and in both types of DM respectively [2]. This is consistent
with previous estimates that 51–71% of diabetic men have
coexisting ED [3, 4] compared to a prevalence in the general
population of 18% [4]. In regards to hypogonadism, studies
have also shown a high prevalence of low testosterone in
diabetic men with estimates ranging from 24 to 43% [5–8].
In particular, hypogonadotropic hypogonadism is predomi-
nately seen in these patients [5, 6]. Interestingly, young men
with type 2 diabetes (DM2) were found to have significantly
lower serum testosterone levels than their type 1 diabetic
(DM1) counterparts with a strong correlation to increased
body mass index (BMI) [9]. The significantly increased prev-
alence of both hypogonadism and ED in DM2 compared to
DM1 suggest that the unique metabolic derangements that
precipitate and coexist with DM2 may be particularly
relevant.

DM2 is typically preceded by metabolic syndrome (MetS)
which consists of insulin resistance, dyslipidemia, hyperten-
sion, and obesity with increased waist circumference. These
derangements are intrinsically linked to DM2 and continue to
be seen after progression from MetS to DM2 [10]. The inter-
play between diabetes, hypogonadism, and ED appears to be
woven together by the different diseases that make up MetS.
Dyslipidemia, hypertension, and hyperglycemia drive the en-
dothelial dysfunction [11] that, in conjunction with neuropa-
thy, appear to be central to the pathogenesis of diabetic ED
[12–15]. By comparison, diabetic hypogonadism appears to
primarily be the result of obesity and insulin resistance
[16–19]. Together, these aspects of MetS produce the overlap-
ping phenotype of DM, ED, and hypogonadism.

Not only do DM and MetS drive ED and reduce testosterone
levels independently, but hypogonadism itself contributes to ED
(Fig. 1). Sufficient levels of testosterone are essential for proper
endothelial function, vasodilation, cavernosal smooth muscle re-
laxation, and maintenance of normal penile architecture [12, 20].
Each of these factors is important for erectogenesis and themain-
tenance of normal erectile function. Consequently, the American
Urological Association now recommends that all patients
complaining of ED have a serum testosterone drawn as part of

their initial evaluation [21]. The interplay between low testoster-
one and ED also applies at the level of treatment. For example,
testosterone supplementation has been shown to improve erectile
function in men with both ED and DM2 [22•]. In a similar
fashion, level one evidence has shown that daily vardenafil im-
proves both symptoms of hypogonadism and markers of endo-
thelial inflammation commonly seen in DM2 [23••]. Due to the
intimate epidemiologic, pathophysiologic, and potentially thera-
peutic relationships between DM, ED, and hypogonadism, we
present a review of diabetic hypogonadism and ED with special
consideration for the clinical evaluation and management of
these complex patients.

Erectile Dysfunction

ED can significantly impact diabetic men’s quality of life
(QoL), not only on specific measures related to sexual func-
tioning and sexual satisfaction, but also in regards to their
interpersonal relationships. Studies have shown that impotent
diabetic men and their partners report significantly reduced
sexual QoL [24] with patients themselves reporting poor emo-
tional well-being that is inversely correlated with their
International Index of Erectile Function (IIEF) score
[25–27]. In fact, multiple studies have shown a higher preva-
lence of depressive symptoms with increased severity of dia-
betic ED [28, 29]. ED is also associated with a worsened
psychological adaptation to diabetes and poorer control of
blood sugar levels [25]. Consequently, recognition and proper
management of diabetic ED can have significant benefits to
the sexual, psychological, and overall well-being of diabetic
men and their partners.

Poor erectile function is also medically important in its rela-
tionship to cardiovascular disease (CVD). After controlling for
other factors, ED in diabetics is associated with an increased
future risk of all CVD events, coronary artery disease, and
cerebrovascular disease [30]. The relationship between ED
and increased risk of CVD has been demonstrated in many
large studies and is hypothesized to be the result of atheroscle-
rosis and endothelial dysfunction first affecting the relatively
small diameters of the penile arteries [31]. Interestingly, a recent
study of impotent youngmenwithout traditional risk factors for
CVD found an increased carotid artery intima-media thickness
and reduced flow-mediated vasodilation [32]. This finding
lends further evidence to poor erectile function being an early
sign of systemic endothelial dysfunction and atherosclerosis.
Importantly, a large prospective study published in 2013 found
a direct relationship between ED severity and risk of future
cardiovascular events which persists after adjusting for diabe-
tes, BMI, and other possible confounders [33]. Compared with
men with normal erectile function, men with severe ED had a
significantly higher all-cause mortality (adjusted relative risk of
1.93 (1.52–2.44)) [33]. ED should be recognized for its

Fig. 1 The relationship between metabolic syndrome, hypogonadism,
and erectile dysfunction
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importance as a sign of poor systemic cardiovascular health.
This may be particularly important to assess in diabetic patients
who are at an already increased risk for CVD [1]. Conversely,
all patients with diabetes or CVD should be screened for sexual
and erectile dysfunction.

Pathophysiology

Obtaining and maintaining of an erection is dependent on a
complex interplay of the central and peripheral nervous sys-
tems, penile vasculature, cavernosal structural integrity, and
hormonal signaling. Endothelial dysfunction is believed to be
one of the predominant pathophysiologic mechanisms of dia-
betic ED; with significant effects mediated through the action
of advanced glycation end products (AGEs) and reactive ox-
ygen species (ROS) [12, 13, 31, 34]. At the penile vascular
endothelium, there is multifactorial dysfunction at the level of
the vasodilatory molecule nitric oxide (NO) and its synthesiz-
ing enzyme, endothelial nitric oxide synthase (eNOS) [12, 14,
35, 36]. Molecular changes, including eNOS uncoupling and
redox imbalance with resulting oxidative stress, occur early in
the diabetic penile vasculature, being seen before systemic
vascular function is affected [14]. Another molecular mecha-
nism of endothelial dysfunction in diabetic impotence may be
found in upregulation of the Rho-kinase pathway, activation
of which results in smooth muscle contraction [34, 37].
Recent research has shown internal pudendal artery dysfunc-
tion in DM to be mediated, at least in part, by activation of
Rho-kinase pathway from increased levels of ROS [38].
Increased expression of endothelin-1 (ET-1), a peptide vaso-
constrictor whose effects are mediated by the Rho-kinase
pathway [37], is also believed to be implicated in diabetic
ED [34, 39]. A recent study in rats has shown that bosentan,
an ET-1 receptor antagonist, results in a dose-dependent im-
provement in erectile response [40].

Abnormalities of the peripheral nervous system are also im-
plicated in diabetic ED. There is a significant correlation be-
tween erectile dysfunction and both small and large fiber neu-
ropathies in DM1 [41]. A positive association between severe
ED and diabetic peripheral neuropathy has also been seen in
DM2 [42]. Diabetic peripheral neuropathy can impede proper
transmission of sensation from the penis, impairing the erectile
reflex arc, while autonomic neuropathy can result in decreased
parasympathetic output with reduced cavernosal smooth mus-
cle relaxation, both of which may significantly impair erectile
function [43]. The molecular basis of diabetic neurogenic ED is
still under investigation but there appears to be reduced expres-
sion of neurotrophic factors at the level of the major pelvic
ganglia in early T2DM [44]. This hypothesis is consistent with
animal studies that have showed improvements in diabetic ED
after supplementing with neurotrophic factors, such as brain-
derived neurotrophic factor [45]. This is particularly relevant to

the investigation of stem cell therapy and its ability to increase
neurotrophic factors for the treatment of neurogenic ED [46].

Although the neurovascular changes of DM are likely the
most significant factors in the resultant erectile dysfunction,
the high prevalence of concomitant hypogonadism may also
play a role. Normal endothelial function of the corpus
cavernosum appears to be dependent on sufficient levels of
testosterone [20, 47–50]. Testosterone acts via an androgen
receptor (AR) dependent mechanism to activate eNOS which
ultimately results in vasodilation and subsequent tumescence
[48]. External to the epithelium, testosterone may also act
directly on corpora cavernosa smooth muscle cells to open
ATP-sensitive potassium channels thereby causing relaxation
and dilation of the cavernosa [51]. Insufficient levels of tes-
tosterone, therefore, may worsen endothelial dysfunction and
result in poor vasodilation. In fact, lack of testosterone results
in p53-mediated apoptosis of the cavernosal epithelium [52].
Insufficient levels of testosterone may also result in a variety
of adverse penile structure changes non-conducive to proper
erectile function, including accumulation of adipocytes in cor-
pora cavernosa [53], thinning and fibrosis of the tunica
albuginea [54], loss of smooth muscle with resultant veno-
occlusive dysfunction [55], and decreased cross-sectional area
and hypotrophic vascular remodeling of the internal pudendal
artery [50].

Evaluation

The evaluation of erectile dysfunction in the diabetic patient
begins with a thorough history and physical examination. The
details elicited serve as the foundation from which to better
diagnose the patient. Studies have demonstrated that the rela-
tionship between diabetes and ED is multifactorial, including
endocrine, vascular, neurologic, and psychosocial facets that
must be addressed to successfully help the patient’s sexual func-
tion [56, 57]. Therefore, the practitioner must obtain a compre-
hensive medical history, taking note of common risk factors for
ED including cardiovascular disease, hypertension (and medi-
cal treatment thereof), obesity, the severity of diabetes, and its
current management. The presence of dyslipidemia, frequent
among diabet ic pa t ients , should also be noted .
Hyperlipidemia, specifically a high low-density lipo-protein
cholesterol (LDL-C), has been shown to be a risk factor for
hypogonadism and ED [58, 59]. Social habits such as alcohol
intake, tobacco use, and recreational drug use must be noted as
they can negatively affect a man’s sexual performance, both in
the immediate and long-term. An often-overlooked part of the
medical history revolves around the psychosocial aspects of the
man’s sexuality. Sleep deprivation, self-image and self-esteem,
extrinsic stress such as work or financial problems, and unre-
solved relationship issues will play into the overall enjoyment
of a couples’ sexual encounters [60]. Finally, a complete hor-
mone profile is paramount to exclude low testosterone or other
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hormonal imbalances as contributing factors to ED. Per AUA
guidelines, initial hormone testing includes serum testosterone
(two morning draws) and LH (luteinizing hormone). Further
adjuvant testing depends on the patient’s clinical scenario, and
may include estradiol if gynecomastia or breast symptoms are
present, HgbA1c if the patient is at risk for diabetes, FSH (fol-
licle stimulating hormone) if the patient interested in preserving
fertility, DEXA scan there is a reported history of low trauma
bone fracture, and HCT (hematocrit) if the patient is consider-
ing starting TTh (testosterone therapy). Additional tests may be
obtained at the practioner’s discretion, such as PSA (prostate-
specific antigen), DHEA-S (dehydroepiandrosterone sulfate),
Hgb (hemoglobin), SHBG (sex hormone binding globulin),
and DHT (dihydrotestosterone).

Other testing, such as laboratory bloodwork, patient ques-
tionnaires, and clinical ultrasound can play a role in the diag-
nosis of ED in the diabetic patient. Aside from obtaining a
hormone profile, metabolic and lipid panels, and hemoglobin
A1c (HgbA1c) determination, the practitioner may also con-
sider measuring platelet indices such as platelet count, mean
platelet volume (MPV), and platelet distribution width (PDW)
[61, 62]. El Taieb et al. demonstrated that measurement of
platelet indices (PIs) may predict early erectile dysfunction
in diabetic men [63•]. Their study evaluated 30 diabetic pa-
tients and found that PDWandMPVwere significantly higher
in diabetic patients than controls (p < 0.001). Of note, no
significant relation was found between total platelet count
and ED; however, PIs did significantly correlate with
vasculogenic ED and levels of HgbA1c [63•].

Current Treatment Options

The treatment of erectile dysfunction in men with diabetes has
some special considerations compared to those without diabe-
tes or metabolic syndrome. While the advent of phosphodies-
terase type 5 inhibitors (PDE5i’s) revolutionized the treatment
of erectile dysfunction, practitioners should be aware that cer-
tain types of PDE5i’s may be more effective than others in the
diabetic population. A recent meta-analysis evaluated 15 ran-
domized clinical trials with 5274 patients to determine the
most effective PDE5i regimen in diabetic men [64•]. The
studies included eight kinds of PDE5i administration: avanafil
PRN, mirodenafil PRN, sildenafil PRN, tadalafil PRN,
tadalafil daily, udenafil PRN, udenafil daily, vardenafil PRN,
and placebo. The authors found that vardenafil PRN ranked
first, third and first, and mirodenafil PRN ranked second, first
and second in the Global Assessment Question (GAQ),
Erectile Function Domain of International Index of Erectile
Function (IIEF-EF), and treatment-related adverse events
(TRAEs), respectively. Their study demonstrated no sig-
nificant difference between regular and on-demand reg-
imens of PDE5i’s [64•]. Practitioners in the USA may

thus wish to consider vardenafil as a first-line PDE5i
when treating diabetic men for ED.

Further evidence exists to support vardenafil as a first-line
treatment for diabetic males. In 2016, Santi et al. performed a
prospective, randomized, placebo-controlled, double-blind,
clinical trial which included 54 male patients affected by type
2 diabetes mellitus and long-term ED [23••]. Patients were
randomized to either vardenafil/placebo 10 mg twice daily
for a treatment period of 24 weeks. By the end of the treatment
phase, the authors found that the vardenafil group had signif-
icantly improved IIEF-15 scores (p < 0.0019), higher flow-
mediated dilation (FMD) on penile Doppler (p = 0.04), and
lower serum interleukin 6 (IL6) levels (p = 0.019). The in-
crease in FMD correlated with an increase in serum testoster-
one levels with vardenafil treatment, and returned to the
eugonadal range only in hypogonadal men [23••]. The im-
provement in FMD and testosterone, and the decrease in se-
rum IL6 suggest that vardenafil may play a role in DM2 that
addresses the pathophysiology of ED and hypogonadism it-
self, rather than just improving the symptoms. It is unclear if
other daily PDE5i’s result in similar findings.

Relevant to the discussion of treating erectile dysfunction
in the diabetic patient is the topic of hormone replacement. As
previously mentioned, the triad of diabetes, erectile dysfunc-
tion, and hypogonadism are often painted from the same clin-
ical “brush.” Buvat et al. demonstrated that the addition of
testosterone replacement therapy (TTh) to daily tadalafil
10 mg improves erectile function in hypogonadal men with
baseline T levels ≤ 300 ng/dL [65]. The authors performed a
multicenter, multinational, double-blind, placebo-controlled
study of 173 men, aged 45–80 years. These patients were
nonresponders to PDE5i treatment and had baseline total T
levels ≤ 400 ng/dL or bioavailable T ≤ 100 ng/dL. Men
underwent a 4-week treatment period with daily 10 mg
tadalafil; if unsatisfied with the effect, they were randomized
to receive placebo or a 1% hydroalcoholic T gel. Patients in
the TTh arm, once stratified to have a baseline T ≤ 300 ng/dL,
demonstrated higher rates of sexual desire, IIEF scores, and
occurrences of successful intercourse [65].

Hackett and colleagues performed the BLAST study in the
UK (acronym derived from patient recruiting in the Midlands
cities and towns of Birmingham, Lichfield, Atherstone, Sutton
Coldfield, and Tamworth, UK), considered to be the first
double-blind placebo-controlled study conducted exclusively
in the male type 2 diabetic population to assess the metabolic
changes with testosterone replacement [66, 67]. This study
utilized type 2 diabetes registers of seven general practices
to include 211 patients for a 30-week double-blind, placebo-
controlled study of long-acting testosterone undecanoate (TU)
1000 mg followed by 52 weeks of open-label use [66]. The
authors concluded that overall, TTh significantly improved
HgbA1c, total cholesterol, and waist circumference in men
with type 2 diabetes and without depression [66]. Further
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review of their results shows that these metabolic improve-
ments are not seen in men with severe testosterone deficiency
syndrome (total T of ≤ 231 ng/dL or free T ≤ 52 pg/mL);
however, this subset of patients did experience significantly
improved sexual parameters and scores on the Ageing Male
Symptom questionnaire. Men with mild testosterone deficien-
cy syndrome (total T 234–346 ng/dL or free T 52–72 pg/mL)
had significant improvements in metabolic but not sexual pa-
rameters [67]. These findings suggest that the degree of base-
line hypogonadism affects the level of response to TTh in
regards to its sexual benefits.

Emerging Therapies

There are a handful of restorative therapies that may prove
beneficial to men with both diabetes and ED. Of these inter-
ventions, low-intensity shockwave therapy (LiSWT) has been
the subject of the most human trials. A recent meta-analysis of
9 studies containing 637 patients found significantly improved
IIEF scores (mean difference 2.54, p = .004) and Erection
Hardness Scores (EHS) (mean difference 0.16, p = .01) but
the strength of this analysis is limited by the heterogeneity of
the included studies and the lack of high quality randomized
controlled trials with long-term follow-up [68]. While LiSWT
is most studied in primarily vasculogenic ED, diabetic ED has
both neurogenic and vasculogenic components. Nevertheless,
there does appear to be a role for this therapy in both PDE5i
responder and nonresponder diabetics [69]. Other emerging
interventions include intracavernous stem cell therapy (SCT)
and intracavernous platelet rich plasma (PRP), but current
human trials are significantly limited, particularly in regards
to the latter [70, 71]. Stem cell therapy, which has been studied
in combination with neurotrophic growth factors, has shown
promise in rat models of cavernous nerve injuries [46].
Utilizing this therapy to address the neurogenic aspect of dia-
betic ED is a particularly interesting area that should be stud-
ied. Nevertheless, each of these investigational therapies, in-
cluding LiSWTare largely considered experimental. Vigorous
clinical trials are necessary prior to the widespread adoption of
these treatment modalities [72].

Hypogonadism

In diabetic men, low testosterone has several significant
adverse effects and untoward associations. One of the
most well-known consequences of low testosterone is its
negative effect on body composition. In 2003, Singh et al.
demonstrated that androgenic stimulation of pluripotent
stem cells results in increased myogenic differentiation
and decreased adipogenesis [73]. Over the last two de-
cades, multiple human studies have confirmed that
supplementing testosterone significantly improves lean

body mass, increases muscle strength, and decreases fat
mass [74–76]. In fact, the adverse effect of low testoster-
one on adiposity has been demonstrated in diabetic pa-
tients specifically. Hypogonadal men with DM2 have both
higher subcutaneous and visceral fat than their eugonadal
counterparts [77•]. Many studies have also shown an as-
sociation between low levels of testosterone and reduced
insulin sensitivity [78, 79]. Among a cohort of type 2
diabetic men specifically, Dhindsa et al. found that men
with low testosterone had higher insulin resistance when
compared to those with normal testosterone levels [77•].
Furthermore, there is evidence that non-diabetic individ-
uals with low-normal range testosterone are at a higher
risk of later developing diabetes than those with higher-
normal range testosterone, regardless of adiposity [80],
supporting the idea that testosterone has some relationship
with insulin resistance. Hypogonadism may act to perpet-
uate both MetS and DM2 through worsening insulin re-
sistance and increased adiposity. Consequently, its impor-
tance in this area continues to be the subject of much
investigation.

Much like ED, hypogonadism has also been associated with
poor cardiovascular outcomes. Anemia, which is an indepen-
dent risk factor for CVD [81], has been associated with comor-
bid hypogonadism and DM2 by multiple studies [16, 82, 83].
Anemia may be an important additional consequence of diabet-
ic hypogonadism. Of note, a recent clinical trial has confirmed
that TTh in older men significantly improves anemia of both
known and unknown causes [84]. This finding is consistent
with the well-established effect of testosterone on
erythrocytosis via stimulation of erythropoietin (EPO); in fact,
TTh appears to not only result in increased levels of hemoglo-
bin but it also appears to recalibrate the EPO/hemoglobin set
point [85]. Reduced testosterone levels have also been more
directly associated with CVD risk; hypogonadism is associated
with higher serum concentrations of CVD biomarkers indepen-
dent of BMI, HbA1c, HDL, and hs-CRP [86]. In middle-aged
type 2 diabetics, hypogonadism was found to be associated
with more advanced atherosclerotic disease markers including
increased carotid intima-media thickness and an increased pres-
ence of atherosclerotic plaques [87•]. Furthermore, Daka et al.
found that lower testosterone levels predicted an increased risk
of acute myocardial infarction in DM2, independent of other
risk factors such as waist-to-hip ratio, total cholesterol, smoking
status, and systolic blood pressure [88].

Beyond an increased risk of CVD, decreased testos-
terone has also been associated with increased mortality.
Low testosterone has been independently associated
with worse survival over the ensuing 20 years in elderly
men [89]. This finding also held true in hypogonadal
type 2 diabetics who have increased all-cause mortality
compared to eugonadal type 2 diabetics when control-
ling for other variables (HR 2.02, p = 0.009) [90].
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Pathophysiology

The pathogenesis of hypogonadism in the setting of diabetes is
complex and not yet fully understood. It is clear, however, that
low testosterone is muchmore common in type 2 diabetics than
in men with type 1 diabetes [9, 91]. This finding is hypothe-
sized to be a result of the effects of metabolic syndrome, obe-
sity, insulin resistance, and their linked derangements. All ap-
pear to play key roles in the complex interplay seen among
these overlapping conditions [8, 9, 16, 18]. Of note, anymethod
of weight loss, whether from a low-calorie diet or bariatric
surgery, has been shown to increase both total and free testos-
terone, with the degree of weight loss best predicting a patient’s
rise in total testosterone [92]. This finding supports the conclu-
sion that obesity is an independent risk factor for low testoster-
one. But the relationship between DM2 and low testosterone
cannot simply be explained by obesity, as there is a higher
incidence of hypogonadism in patients with both DM2 and
obesity compared to either disease alone [5, 17, 18, 93].

It was previously believed that the hypogonadotropic
hypogonadism seen in DM2 and obesity was principally
caused by hypothalamic suppression secondary to increased
estrogen levels from aromatization of testosterone by adipose
tissue [13, 18]. This idea has not been validated by the litera-
ture; in fact, multiple studies have actually shown decreased
estradiol in these hypogonadal patients with DM2 and/or obe-
sity [16, 93–96]. Specifically, in DM2, estradiol was directly
related to free testosterone but had no association with BMI
[95]. Furthermore, no difference in adipose aromatase expres-
sion has been seen between men of normal weight versus
obese men with or without diabetes [93]. Therefore, the notion
that the low gonadotropin levels seen in hypogonadal type 2
diabetics is secondary to increased aromatization of testoster-
one is unfounded. The mechanism remains to be precisely
elucidated but appears to be multifactorial in etiology.

Chronic inflammation, which is seen throughout obesity,
metS, and DM2 [97], may also decrease testosterone [16, 18].
Lower testosterone levels are associated with increased inflam-
matory markers such as macrophage inflammatory protein 1-
alpha and 1-beta, tumor necrosis factor-alpha, and C-reactive
protein (CRP) [82, 94, 98]. Inflammatory mediators including
cytokines and adipokines are released by adipose tissue in
obese patients and there is some evidence that these circulating
inflammatory mediators can act centrally on the hypothalamus
[99]. One such adipokine, leptin, is most well-known for de-
creasing appetite but is also necessary for GnRH production at
the hypothalamus [99, 100]. Obese individuals tend to be leptin
resistant [100, 101]; some postulate that this leptin resistance
may therefore suppress the hypothalamic-pituitary-gonadal
(HPG) axis [16, 79, 100], but more exploration must be done
prior to reaching this conclusion.

Insul in res is tance is s t rongly associa ted with
hypogonadism. An inverse relationship between measures of

insulin resistance and testosterone has been demonstrated in
multiple studies [93, 94]. Peripherally, increased insulin resis-
tance was associated with decreased hCG-induced testoster-
one secretion by Leydig cells [19]. Centrally, neuronal insulin
resistance may also be a factor; insulin sensitivity appears to
be necessary for normal central HPG axis function [16, 18].
This idea is built on the observation that neuronal insulin
receptor knockout male mice had significantly lower LH
levels [102] and also that GnRH neurons have been shown
to be activated by insulin [103]. Insulin resistance, which ap-
pears to affect brain receptors in type 2 diabetic and obese
patients [104], may therefore contribute to central
hypogonadism in this population.

A functional eugonadal state is dependent not only on suf-
ficient free testosterone levels but also on proper androgen
receptor expression and function. Quite interestingly,
Ghanim et al. recently showed that hypogonadal diabetic
men not only have low serum concentration of testosterone,
but also have reduced expression of both androgen receptors
(AR) and estrogen receptors (ER); further, the poor AR ex-
pression was reversed by testosterone replacement [105••].
The authors note that this was surprising as they had hypoth-
esized that these hypogonadal men would actually have a
compensatory increase in AR expression. Diminished AR ex-
pression is a previously unknown factor that may be important
to the complex pathophysiology of type 2 diabetic
hypogonadism.

Diagnosis

The diagnosis of hypogonadism can be challenging given the
non-specific nature of patients’ symptomology. Although lack
of libido, fatigue, increased abdominal adiposity, irritability,
loss of muscle mass, and decreased mental acuity are all clas-
sic for low testosterone, these symptoms are far from exclu-
sive to low T. Consequently, an accurate diagnosis of
hypogonadism requires at least two separate low serum morn-
ing testosterone levels in addition to the aforementioned clin-
ical symptoms [106]. In addition to being measured in the
morning, the serum testosterone levels should ideally be ob-
tained while the patient is fasting to improve accuracy. Once a
diagnosis has been made, providers should be mindful that
low testosterone can often be the result of other underlying
pathology and seek to rule out conditions such as
prolactinomas, chronic narcotic use, male infertility secondary
to testis function, and chronic corticosteroid use among others.

The exact serum concentration of what constitutes a “low”
serum testosterone is controversial even among experts and
several different values have been proposed by various pro-
fessional societies. The American Urological Association rec-
ommends two serum lab values below 300 ng/dL while the
International Society of Sexual Medicine utilizes a threshold
of 346 ng/dL [106, 107]. The European Urological
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Association and the British Society for SexualMedicine take a
different approach and stratify their cutoffs based on
symptomology with values ranging from 231 ng/dL to 375
ng/dL and 231 ng/dL to 346 ng/dL, respectively. Although
some authors advocate the use of free testosterone when es-
tablishing a diagnosis of low testosterone, significant inter-
assay variability with both direct and calculatedmeasurements
prevent this from becoming a widely accepted standard.

Risks and Benefits of Testosterone Replacement
Therapy

Testosterone therapy has been shown with the highest levels
of evidence to convey significant benefits including: increased
bone mineral density, improved strength, increased lean mus-
cle mass, fat loss, improved lipid metabolism, improved libi-
do, and improved erectile function. In diabetic men, specifi-
cally, multiple studies have demonstrated improved survival
with TTh [90, 108•, 109••]. For the majority of patients, tes-
tosterone therapy has been shown to be remarkably safe with a
favorable risk/benefit profile. However, testosterone therapy
does carry some risks that warrant discussion.

Testosterone supplementation disrupts the natural body’s
natural hypothalamic-pituitary-gonadal axis and subsequently
inhibits the release of gonadotropins from the pituitary. This
suppresses the native functions of the testis and can significant-
ly impair sperm production. A 1990 study by the WHO Task
Force found that 65% of men treated with 200 mg of testoster-
one enanthate once weekly became azoospermic at 6 months
[110]. A more recent 2009 study found that 95.2% of men
treated with monthly doses of 500 mg testosterone undecanoate
became either azoospermic or severely oligospermic within the
24-month treatment period [111]. As a result, there has been
great interest in the potential use of testosterone as a male con-
traceptive agent but there does not appear to be consistent ste-
rility with TTh. Fortunately, once testosterone therapy is
stopped, the vast majority of these men can see return of sperm
to the ejaculate within a year [112]. This recovery can often be
expedited through the use of adjuvant hCG or clomiphene cit-
rate [113]. Still, testosterone therapy can have a significant del-
eterious effect on men desiring future fertility and caution
should be used when treating this population.

Testosterone replacement has also been proven to con-
tribute to polycythemia in some men. Defined as a hemato-
crit greater that 52%, one multi-institutional retrospective
case series showed the rate of polycythemia was found to be
highest in men receiving injectable testosterone (19%)
followed by testosterone pellets (13%) and then topical
gels/creams (5%) [114]. The 2018 AUA Guidelines recom-
mend intervention in men with a hematocrit greater than
54%. A decrease in testosterone dose has been recommend-
ed by some as an initial intervention, but this runs the risk of
worsening hypogonadal symptoms with a significant delay

until normalization of hematocrit. Therapeutic phlebotomy,
on the other hand, offers immediate relief of an elevated
hematocrit without running the risk of disrupting an other-
wise effective testosterone therapy regimen.

There has been much discussion about the potential risk of
testosterone therapy, specifically in regards to prostate cancer,
cardiac disease, and venous thromboembolism (VTE). In
regards to testosterone therapy and prostate cancer, there has
been a compendium of literature published showing no cau-
sality between testosterone therapy and the development of
prostate cancer [115, 116]. Although there has been extensive
debate regarding testosterone and cardiac disease, current ev-
idence actually appears to suggest that testosterone has a
cardioprotective effect and acts as a plaque stabilizer while
hypogonadism is an independent risk factor for future cardiac
events [117]. Lastly, although there has been some concern
that TTh may increase risk of VTE, most evidence shows no
association between TTh and risk of deep venous thrombosis
or pulmonary embolism [118, 119].

Treatment Options

Overall, the evidence remains inconclusive as to whether tes-
tosterone supplementation improves insulin resistance, body
composition, and other measures of diabetes. Therefore, the
chief indication for treating hypogonadism in DM remains to
be symptomatic hypogonadism. The primary goal of TTh is
amelioration of hypogonadal symptoms and restoration of se-
rum testosterone levels to the eugonadal range. Both the
American Urological Association and Endocrine Society
guidelines recommend treating to reach the middle-normal
range at roughly 400–600 ng/dL [106, 120]. There have been
very few studies comparing specific TTh formulations in dia-
betic hypogonadism; thus, at this time, management should be
approached in a similar fashion to non-diabet ic
hypogonadism. The testosterone formulation chosen is largely
individualized to the patient after discussion of the risks and
benefits of each option.

In patients for whom testosterone supplementation should
be avoided, such as those actively attempting to conceive or
planning to conceive in the near future, other options may be
useful for restoration of the eugonadal state such as clomi-
phene citrate (CC), human chorionic gonadotropin (hCG),
and/or aromatase inhibitors. In fact, these agents may also be
used concurrently with TTh or post-TTh to maintain or restore
fertility, respectively [121]. Selective estrogen receptor mod-
ulators like CC have been used off-label for many years in
men to increase serum testosterone and spermatogenesis via
increased gonadotropin release. These are an enticing option
in men wishing to preserve fertility and may also even be
valuable in patients in whom there is higher concern for po-
tential development of secondary polycythemia as there is a
far lower prevalence of polycythemia patients treated with CC
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compared to TTh at a similar mean change in serum testoster-
one [114]. A study in obese men with either impaired glucose
tolerance or overt DM2 did find a substantial improvement in
testosterone levels with low-dose CC (25 mg/day) compared
to placebo [122]. However, there has been conflicting data
regarding the ability of CC to reduce hypogonadal symptoms
[123, 124]; thus, it may not be the best option. hCG, an LH
analog, is another option for men who wish to preserve their
fertility and is the only one of these three medications which is
FDA approved in men for this indication. While both hCG
and CC result in similar increases of testosterone concentra-
tion, a greater degree of improvement of hypogonadal symp-
toms has been seen when the two medications are combined
[125]. Finally, in limited studies, aromatase inhibitors have
been shown to increase testosterone and semen parameters
of infer t i le men, par t icular ly in those with low
testosterone:estradiol ratios [126]. It is unclear if use of this
medication class alone would result in any meaningful benefit
for hypogonadal diabetics who have been shown to have par-
adoxically decreased serum estrogen levels [16, 95].
Unfortunately, there is a paucity of data for these TTh alterna-
tives in DM; most patients should therefore be treated with
their preferred testosterone formulation.

Conclusion

Both ED and hypogonadism are significantly more com-
mon in diabetic patients than in the general population.
Although the etiology of each appears to be complex and
multifactorial, the underlying connection between the two
appears to be metabolic syndrome, which consists of in-
sulin resistance, obesity, dyslipidemia, and hypertension.
Hypogonadism may also worsen erectile function,
compounding the issue. Management of diabetic
hypogonadism and ED can overlap and begins with life-
style modifications such as improving dietary/exercise be-
haviors. Certain treatment regimens such as testosterone
supplementation may improve both conditions simulta-
neously. There are still many unanswered questions sur-
rounding the pathogenesis and management of ED and
hypogonadism in these patients. Future studies will no
doubt increase our understanding of the complex interplay
of these disease processes and direct us toward more
targeted and successful therapies.
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