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Abstract: Male hypogonadism and major comorbidities such as type 2 diabetes mellitus, 
obesity, cardiovascular disease, and osteoporosis appear closely connected, forming a vicious 
cycle that leads to further hypogonadism. This narrative review provides a comprehensive 
overview of the current literature on the overall burden of male hypogonadism alongside 
related comorbidities, and how this may be alleviated through testosterone therapy. 
Observational and clinical data demonstrate that the interaction of male hypogonadism and 
its related comorbidities is associated with increased mortality, cardiovascular event risk and 
reduced quality of life. Evidence from epidemiological and registry-based studies shows that 
this clinical and humanistic burden translates to increased economic burden on health-care 
systems, through increased physician visits, medical claims, and drug costs. Male hypogo
nadism can be managed with testosterone therapy, which is intended to normalize testoster
one concentrations and thereby reduce both hypogonadism symptoms and risk of 
comorbidities. Clinical and observational data suggest that in males with hypogonadism, 
testosterone therapy rapidly and sustainably improves glycemia, reduces risk of progression 
to diabetes, leads to significantly reduced waist circumference and fat mass, while providing 
significant positive effects on cardiovascular event risk and bone density. Significant and 
sustained improvement in patient-reported erectile function, urinary function, and aging male 
symptoms have also been shown. Economic evaluations have estimated that reduced comor
bidity risk following testosterone therapy may lead to cost-savings, with one study estimating 
yearly inpatient savings of £3732 for treating comorbidities after intervention. A major 
unmet need exists in the area of male hypogonadism, particularly related to common 
comorbidities. Options for treatment include testosterone therapy, which has been shown 
to alleviate the clinical, economic, and humanistic burden associated with these conditions. 
As the prevalence of male hypogonadism is likely to increase globally, and this condition 
may be currently underdiagnosed, cost-saving testosterone therapies should be increasingly 
considered to manage hypogonadism. 
Keywords: hypogonadism, testosterone, type 2 diabetes, obesity, cardiovascular disease, 
burden, cost

Introduction
Hypogonadism in men is characterized by decreases in testicular function and 
testosterone production, which may lead to lower urinary tract symptoms and 
erectile dysfunction.1,2 As aging in men is associated with an increased risk of 
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comorbidities that contribute to reduced testosterone,3 

hypogonadism becomes increasingly prevalent in men 
aged over 40 or 50 years;4 however, this condition may 
be underdiagnosed in practice.5

In addition to its characteristic symptoms, male hypo
gonadism also appears to be associated with major comor
bidities (such as type 2 diabetes mellitus (T2DM), obesity, 
cardiovascular disease, and osteoporosis), and vice 
versa.6–8 While hypogonadism may increase deposition 
of adipose tissue, leading to increased risk of metabolic 
syndrome, subsequent conditions such as obesity and 
T2DM may also impair functioning of the hypothalamic- 
pituitary-gonadal axis, leading to further hypogonadism— 
a vicious cycle.9,10

Adding to the complexity of disease, underlying etiol
ogy of hypogonadism may be closely linked with asso
ciated comorbidities.11,12 Secondary hypogonadism, 
defined as pituitary–hypothalamic failure that is character
ized by low testosterone and low or normal gonadotropins, 
has been strongly associated with obesity and comorbid 
conditions associated with aging.11,12 In contrast, primary 
hypogonadism, defined as testicular failure that is charac
terized by low testosterone and elevated gonadotropins, 
has been associated with advanced age, which may also 
be associated with independently occurring comorbidities 
that further exacerbate hypogonadism.11,12 Although the 
links between the type of hypogonadism and comorbidities 
are not fully elucidated, hypogonadism is known to be 
more common among men with diabetes or obesity, and 
low testosterone is associated with increased risk of these 
conditions. Estimated prevalence of hypogonadism varies 
widely (between 2.1% and 38.7%) in middle-aged and 
older men,13,14 but appears to increase to approximately 
50% among individuals with diabetes or obesity.14 Low 
total testosterone levels are associated with considerably 
increased risk of incident T2DM (with odds ratios from 
1.6 with <16 nmol/L to 4.5 with <8 nmol/L),15 and total 
testosterone below 8.7 nmol/L is associated with signifi
cantly increased weight circumference and risk of cardio
vascular disease-related mortality.16

Hypogonadism and major comorbidities, therefore, appear 
closely connected. In addition, their interaction appears to 
lead to a significant burden on individuals and health-care 
systems. While recent reviews have examined associations 
between hypogonadism and specific comorbidities,9,17,18 this 
narrative review provides a comprehensive overview of the 
topic, and summarizes the current literature on the overall 
burden of male hypogonadism alongside a broad range of 

related comorbidities, and how this burden may be alleviated 
through testosterone therapy.

Burden of Male Hypogonadism and 
Related Comorbidities
Within the published literature, male hypogonadism and 
its related comorbidities appear associated with poor clin
ical outcomes,19–23 increased economic burden on health- 
care systems,24–26 and burdensome patient-reported 
symptoms.27–29 Specific to comorbidities, limited data 
were available on the burden of obesity and T2DM in 
patients with male hypogonadism, which may be asso
ciated with the close link between these diseases.

Increased Mortality and Cardiovascular 
Event Risk
Observational data demonstrate that the interaction of 
male hypogonadism and its related comorbidities is asso
ciated with poor clinical outcomes.19–23 For example, in 
a prospective study in the UK (n=857), men with both 
T2DM and untreated low total or free testosterone (≤12 
nmol/L or ≤0.25 nmol/L, respectively) had significantly 
higher mortality over four years, relative to those with 
T2DM and normal testosterone (HR: 0.62), or those with 
T2DM who received treatment for low testosterone (HR: 
0.38).19 In another registry study of men with T2DM in 
the UK (n=581), mortality rate was significantly higher 
over approximately six years among men with low total 
testosterone (≤10.4 nmol/L): 17% vs 9% (p=0.003),20 

suggesting that the interaction of these two related condi
tions leads to a substantial clinical burden.

Lowered testosterone also appears to lead to worsened 
clinical outcomes among men with existing cardiovascular 
conditions. In a study of consecutive patients with acute 
ischemic stroke at a single center in Denmark (n=144), 
post-stroke mortality was significantly associated with low 
testosterone: at six months, free and total testosterone were 
significantly higher in surviving patients: 14.7 vs 10.1 
nmol/L, and 13.2 vs 10.5 pmol/L respectively (both 
p=0.004).21 In a Greek study of men with hypertension 
(n=228), with mean follow-up of 44 months, risk of major 
adverse cardiovascular events was higher in those with 
low testosterone levels: in the age-adjusted analysis, this 
hazard ratio was 2.07 for those with total testosterone 
13.9–17.0 nmol/L (not significant), and 3.83 for those 
with total testosterone below 13.9 nmol/L (p<0.05).22
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Poor outcomes are also seen among men with another 
hypogonadism-related complication (n=1687). In a further 
Italian cohort study of men with erectile dysfunction, total 
testosterone below 8 nmol/L was associated with signifi
cant increased risk of fatal major adverse cardiovascular 
events: a hazard ratio of 7.1 (p<0.001).23

Increased Health-care Resource Use
The established clinical burden of male hypogonadism and 
comorbidities also appears to translate into increased eco
nomic burden on health-care systems, through increased 
physician visits, medical claims, and drug costs.24–26

In a large epidemiological study conducted in Germany 
(n=2023), men with total testosterone in the lowest decile 
(7.84 nmol/L on average) had a significantly higher number 
of outpatient visits per year (p<0.05), and significantly higher 
yearly outpatient costs (p<0.05), relative to men with total 
testosterone in the middle eight deciles (16.28 nmol/L on 
average).24

Comorbidity-related costs appear to be a major contribu
tor to this overall burden. In an analysis of a US insurance 
database (n=4269), total yearly costs related to cardiovascu
lar comorbidities were almost doubled in men with hypogo
nadism, relative to those without: $1453 vs $767 
(p=0.0001).25 In this analysis, total comorbidity-related 
costs (comprising medical claim costs and prescription drug 
costs) were greater than hypogonadism-related costs,25 

demonstrating that a considerable financial burden can result 
both from hypogonadism itself, and from the comorbidities 
that may be caused by this condition.

Hypogonadism also appears to be associated with 
increased resource use following surgery. In a large 
US registry study of men undergoing total knee arthro
plasty (n=8393), men with hypogonadism had significantly 
greater odds of developing medical complications in the 
90 days following surgery (OR: 2.12, p<0.0001), signifi
cantly greater odds of receiving revision surgery within 
two years (OR: 1.89, p<0.0001), and significantly longer 
length of stay (6.11% increase; p=0.02).26 These factors 
led to significantly increased total cost over the 90 days 
following surgery, relative to men without hypogonadism 
($15,564 vs $14,856; p=0.018).26

Burdensome Patient-reported Symptoms
In addition to its overall clinical and economic burden, male 
hypogonadism is also associated with negative impacts on 
individual patients’ experiences, through burdensome 
patient-reported symptoms,27,28 and reduced quality of life.29

In a prospective study of men in Taiwan (n=680), risk 
of erectile dysfunction (defined as scoring ≤7 on the 
International Index of Erectile Function) was significantly 
increased in men with low testosterone: ×2.4 with total 
testosterone <11 nmol/L, and ×3.0 with free testosterone 
<0.23 nmol/L (p<0.05).27 In a further cross-sectional study 
in South Korea (n=50), lower total testosterone was sig
nificantly correlated with worsened urinary symptoms (as 
measured by the International Prostate Symptom Score; 
p<0.05).28

Beyond these symptoms, hypogonadism is also known 
to reduce quality of life: a significant association has been 
found between low free testosterone and worsened quality 
of life in the physical, social, and vitality domains of the 
Short Form (36) Health Survey in a sample of men with 
T2DM in the UK (p<0.05; n=355),29 thereby demonstrat
ing the overall negative impact of hypogonadism on 
important aspects of patients’ lives.

Benefits of Testosterone Therapy
Male hypogonadism can be managed with testosterone 
therapy,30 which is intended to normalize testosterone 
concentrations to a healthy level and thereby reduce both 
hypogonadism symptoms and risk of comorbidities.31 This 
type of therapy is most commonly administered by intra
muscular injection in cypionate, enanthate, or undecanoate 
formulations, or transdermally, with oral, nasal, and buccal 
preparations also being available.30 It is recommended by 
the Endocrine Society in hypogonadal men to induce and 
maintain secondary sex characteristics and correct symp
toms of testosterone deficiency.11

Evidence from the published literature suggests that the 
impacts of male hypogonadism and its related comorbid
ities can be alleviated through this treatment, which can 
improve both clinical parameters and patient-reported 
outcomes,32–39 while reducing overall costs.40

Improved Glycemia, Body Composition, 
and Cardiovascular Event Risk
Multiple clinical benefits have been seen in clinical and 
observational studies of testosterone therapy. These include 
improvements in parameters of T2DM.32–35 In individual 
clinical trials in hypogonadal men with T2DM (n=199 and 
n=55), treatment with testosterone undecanoate has been 
found to reduce HbA1c levels rapidly and sustainably: levels 
were significantly lowered (vs placebo) at six weeks and at 
one year (p=0.007 and p<0.001, respectively).33,35 Similarly, 
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in a meta-analysis of 48 placebo-controlled trials examining 
outcomes of testosterone therapy among varied male popu
lations, parenteral and transdermal testosterone formulations 
were found to significantly reduce glycemia (p<0.01).34

Improvements in glycemic control have also been 
demonstrated in longer-term observational data from 
a registry study of hypogonadal men with prediabetes 
(n=316), where HbA1c was shown to be significantly 
improved at eight years with testosterone undecanoate 
treatment (−0.39 ± 0.03%; p<0.0001), and significantly 
worsened with no treatment (+0.63 ± 0.1%; p<0.0001).32 

In addition, hypogonadal men with prediabetes who 
received testosterone undecanoate treatment were comple
tely prevented from progressing to overt T2DM by the 
time of last follow-up (approximately six years, on aver
age), while 40.2% of untreated patients had progressed to 
this state (defined as HbA1c >6.5%);32 with testosterone 
undecanoate, 89.5% had achieved normal glycemia 
(HbA1c <5.7%) vs 1.2% with no treatment (Figure 1).32

Similar improvements are seen in obesity-related para
meters following testosterone therapy.33,34,41,42 In clinical 
trials in men with hypogonadism and in hypogonadal men 
with T2DM (n=199 and n=60), testosterone undecanoate 
significantly reduced waist circumference in the short term 
(30 weeks; p=0.023), and led to further significant 

reduction in the medium term (36 months; p<0.001).33,41 

In meta-analyses of results of clinical trials conducted in 
varied male populations, treatment with parenteral or 
transdermal testosterone was also found to lead to signifi
cant reduction in fat mass, and increase in fat-free mass 
(p<0.0001 and p<0.001, respectively).34,42

Further benefits have also been reported in cardiovascu
lar disease, and in parameters related to osteoporosis. Within 
a German observational study (n=805), data collected over 
12 years showed significantly lower risks of myocardial 
infarction and stroke in men with hypogonadism treated 
with testosterone undecanoate, relative to those who were 
untreated: 0% in men who were treated, vs 15.0% and 
17.8% in men who were untreated (p<0.0001).38 In 
a clinical trial in hypogonadal men with metabolic syndrome 
(n=60), testosterone undecanoate treatment was shown to 
increase femoral and lumbar bone density by ~5% each year, 
and to lead to significantly superior density at two and three 
years relative to no treatment (p<0.005).41

Cost-effective Improvement, and Cost 
Savings
Through its beneficial impact on clinical parameters and risk 
of comorbidity, testosterone therapy also appears to be 
a cost-effective and cost-saving intervention. Economic 

Figure 1 Change in HbA1c percentage, and final HbA1c category, of men with hypogonadism within a German registry analysis over eight years, with or without 
testosterone therapy. Data from Yassin et al.32
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models in Sweden and the UK have demonstrated the ben
efits of testosterone therapy on health-care systems as 
a whole, through its effect of reducing comorbidity risk.40,43

In Sweden, lifetime treatment of male hypogonadism 
with testosterone undecanoate was shown to be cost- 
effective, with an incremental cost-effectiveness ratio 
(ICER) of €19,720 (in 2009 euros) per quality-adjusted 
life year, vs no treatment.43 This model incorporated the 
effects of testosterone undecanoate treatment on reducing 
risks of cardiovascular events, T2DM, fractures, depression, 
and death in hypothetical sample of 100,000 men with late- 
onset hypogonadism.43 A one-way sensitivity analysis that 
altered the risk of comorbidities, drug cost and age, con
firmed the ICER results were robust, with changes to the risk 
of T2DM causing the most variation. The primary drivers of 
increased cost were the cost of testosterone undecanoate 
treatment itself, and the greater indirect cost associated 
with reduced mortality risk (and therefore longer survival) 
within the treated population; however, these increased costs 
were partially compensated by the reduced cost of treating 
comorbidities and complications.43

In the UK, treatment of male hypogonadism in males 
aged ≥40 with intramuscular testosterone undecanoate was 
also shown to have a positive cost impact, vs no treatment 
over a 10-year time horizon.40 This analysis included 
resource use and unit costs only for patients treated with IM 
testosterone undecanoate and calculated average direct annual 
costs of managing each comorbidity from the NHS national 
tariff in both scenarios. Across all comorbidities, a total of 
408,481 patients were estimated to receive treatment with 
testosterone undecanoate and 913,676 patients did not receive 
testosterone therapy over 10 years. Overall, additional costs 
of drug, administration, and monitoring were outweighed by 

reductions in the inpatient cost of managing major comorbid
ities (T2DM, obesity, CVD, and osteoporosis).40 Specifically, 
individual yearly testosterone therapy costs of £687 were 
outweighed by a £3732 reduction in the yearly inpatient 
cost of treating comorbidities, of which approximately half 
was accounted for by cardiovascular disease-related cost 
savings (£1727) [Figure 2].40 However, this was considered 
to be an underestimation given possible interaction between 
comorbidities were not examined and the costs of drugs used 
to manage comorbidities were not included in this analysis.

Improvements in Patient-reported 
Symptoms and Quality of Life
In addition to its clinical and economic benefits, testoster
one therapy has also been shown to improve individual 
patients’ experience, through reduction in patient-reported 
symptom burden, and improvement in quality of life.36–39

In a clinical trial (n=261), treatment of male hypogonad
ism with testosterone undecanoate was shown to lead to 
improvements in erectile dysfunction (by IIEF-5), and sig
nificant improvements in urinary function (by IPSS) and 
aging male symptoms (by AMS) at three months 
(p<0.05).36 These effects are confirmed by German registry 
data from men with hypogonadism (n=656) showing year-on 
-year improvements in these three parameters over eight 
years of treatment, and significant superiority (vs no treat
ment) at each timepoint from two to eight years 
(p<0.0001).39 The patient-reported effect on urinary function 
was also confirmed by significantly superior post-void blad
der volume with testosterone undecanoate treatment, vs no 
treatment, at the same timepoints.39 In another analysis of 
registry data from men with hypogonadism (n=805), erectile 
function, urinary function, and aging male symptoms all 

Figure 2 Yearly cost of inpatient management of hypogonadism-related comorbidities, in an individual treated or untreated with testosterone therapy (TTh).
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remained significantly superior with testosterone undecano
ate treatment at 10 years (p<0.0001),38 thereby demonstrat
ing the persistence of these benefits into the long-term.

In data from a further clinical trial in men with hypo
gonadism in Malaysia (n=114), treatment with testosterone 
undecanoate was also shown to lead to significant 
improvements in mental health-related quality of life, at 
48 weeks of treatment (as measured by the mental health 
composite score of the Short Form (36) Health Survey; 
p<0.013),37 demonstrating an improvement in more gen
eral quality of life with testosterone therapy.

Limitations of Testosterone 
Therapy
Despite the clinical and economic evidence supporting the 
use of testosterone therapy for male hypogonadism, there 
remain concerns related to the potential risk of prostate 
cancer that has been reported in certain patient groups.11,44 

As a result, guidelines published by the Endocrine Society 
do not recommend testosterone therapy in men planning 
fertility, in men with prostate cancer or prostate-specific 
antigen level >4 ng/mL.11 Acknowledging the benefits of 
testosterone therapy, shared decision making is advised to 
ensure patients are aware of the potential prostate cancer 
risks and monitoring options are offered, particularly in 
those who are 40 to 69 years old and at increased risk of 
prostate cancer, such as African Americans and men with 
a first-degree relative with diagnosed prostate cancer.11

However, observational studies have investigated safety 
concerns and provided evidence that testosterone therapy 
does not lead to any increased risk of prostate cancer. In 
a large multinational registry study of men with hypogonad
ism (n=999), rates of confirmed prostate cancer per biopsy 
were comparable with or without testosterone therapy: 
37.5% vs 37.0% respectively.45 This finding may address 
previous concerns relating to prostate cancer risk with tes
tosterone therapy, although further studies are required to 
support the guideline recommendations.44

Conclusion
A major unmet need exists in the area of male hypogonad
ism, particularly in relation to the major comorbidities that 
commonly occur. Symptoms of hypogonadism appear 
highly prevalent in middle-aged or older men with diabetes 
or obesity, and low testosterone is associated with increased 
risk of T2DM, worsened body composition, and increased 
risk of cardiovascular disease-related mortality. Together, 

these conditions lead to increased patient-reported symp
tom burden, increased mortality risk, and increased health 
care resource use.

As population aging leads to an increase in the propor
tion of older individuals globally,46 the overall prevalence 
of comorbidities that increase male hypogonadism risk is 
likely to increase, and the burden of this condition and its 
further downstream comorbidities will become greater. 
There is, therefore, a need to consider the available treat
ment options for male hypogonadism— especially those 
that may also provide additional benefits in terms of redu
cing the burden of resulting comorbidities.

Options for treatment include testosterone therapy, 
which has been shown to alleviate the clinical, economic, 
and humanistic burden associated with these conditions. 
Its benefits include significantly improving glycemia and 
preventing progression from prediabetes to T2DM, signif
icantly improving body composition and waist circumfer
ence, and conferring improvements in patient-reported 
symptoms that persist into the long-term. Limitations 
include the monitoring of prostate parameters that may 
be necessary during treatment,47 and the potential negative 
effect on male fertility.48

As the prevalence of male hypogonadism is likely to 
increase globally, and this condition may be currently 
underdiagnosed, cost-effective and cost-saving testoster
one therapies should be increasingly considered for use 
in order to manage this condition.
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