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Adverse effects of androgen deprivation therapy in men
with prostate cancer: a focus on metabolic and
cardiovascular complications

Lauren Collins and Shehzad Basaria

Prostate cancer (PCa) is the most common malignancy in men. Prostate being an androgen responsive tissue, androgen deprivation

therapy (ADT) is used in the management of locally advanced (improves survival) and metastatic (improves pain and quality of life) PCa.

Over the past two decades, the use of ADT has significantly increased as it is also being used in patients with localized disease and those

experiencing biochemical recurrences, though without any evidence of survival advantage. Hypogonadism resulting from ADT is

associated with decreased muscle mass and strength, increased fat mass, sexual dysfunction, vasomotor symptoms, decreased quality

of life, anemia and bone loss. Insulin resistance, diabetes and cardiovascular disease have recently been added to the list of these

complications. As the majority of men with PCa die of conditions other than their primary malignancy, recognition and management of

these adverse effects is paramount. Here we review data evaluating metabolic and cardiovascular complications of ADT.
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INTRODUCTION

Prostate cancer (PCa) is the most common cancer diagnosed in men in

the United States and the second most common cause of cancer related

death. Estimates suggest that approximately 240 890 new cases of PCa

were diagnosed in the United States in 2011 resulting in deaths of 33

720 men.1 In men with localized PCa, treatment options include

watchful waiting, radical prostatectomy or radiation therapy. In

patients with locally advanced disease, androgen deprivation therapy

(ADT) in combination with external beam radiation or as an adjuvant

therapy (post-prostatectomy and pelvic lymphadenectomy), have

been shown to improve survival.2,3 In patients with distant metastases,

ADT improves quality of life.4,5 Although ADT is beneficial in these

patient populations, it is often used as primary therapy in men with

localized disease and in men encountering biochemical recurrence6

without evidence of survival advantage. The overall use of ADT has

increased in the past two decades7 and its use in men with localized

disease and biochemical recurrence accounts a great deal for this

increase. Since most men with PCa die of conditions other than their

primary malignancy, recognition and management of these adverse

effects is paramount.

ADT: BODY COMPOSITION CHANGES

Patients undergoing ADT experience increased fat mass, decreased

muscle mass and decreased muscle strength.8,9 These observations

are not surprising as androgens stimulate mesenchymal pluripotent

stem cells towards myogenic lineage instead of adipogenic lineage.10 A

decade ago, a prospective study from the United Kingdom showed

that ADT in 22 newly diagnosed men with PCa resulted in an increase

in fat mass from 20.269.4 kg at baseline to 21.969.6 kg at 3 months

(P50.008), while lean body mass decreased from 63.266.8 kg at base-

line to 61.566.0 kg (P50.016).11 These results were confirmed by

another 2-year prospective study that showed an increase in total fat

mass by 9.4% and reduction in lean body mass by 2.7%.9 A recent

study showed that while changes in body composition continue

throughout the course of ADT, the bulk of these changes occur during

the first year of treatment.12 These investigators examined body com-

position in 81 men with PCa not undergoing ADT, 43 men on short-

term ADT (,6 months), 67 men on long-term ADT (.6 months) and

53 healthy aged matched controls. While the greatest change in body

composition in men on ADT occurred during the first year, significant

changes continued to occur even after 2 years. Men with PCa not on

ADT and healthy age matched controls did not experience significant

changes in body composition.

ADT: INSULIN RESISTANCE AND DIABETES

Weight gain is a risk factor for insulin resistance, diabetes and meta-

bolic syndrome.13 One of the early metabolic changes related to ADT

include hyperinsulinemia that is associated with an increase in fat

mass. This was first shown a decade ago in 22 patients with newly

diagnosed PCa.11 Fasting serum insulin increased from 11.8 mU l21

at baseline to 19.3 mU l21 at 3 months; however, there was no change

in fasting glucose levels. Another 12-week prospective study of 25

non-diabetic men showed a decrease in insulin sensitivity index by

12.9%67.9% and an increase in fasting insulin levels by 25.9%69.3%
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on ADT.14 A study of 49 men with PCa undergoing ADT for 6 months

observed a mild, though statistically significant, increase in fasting

blood glucose (from 103 mg dl21 to 106 mg dl21), although the levels

remained below the diabetes range.15 This suggests that short-term

ADT results in insulin resistance; however, this compensatory hyper-

insulinemia maintains euglycemia. However, then it was unclear

whether long-term ADT will eventually result in diabetes. To answer

this question, a cross-sectional study recruited 18 men undergoing

ADT for at least 12 months, 17 age-matched men with non-metastatic

PCa who were not androgen-deprived and had undergone prostatect-

omy and/or radiation therapy in the past and 18 age-matched eugo-

nadal controls without PCa.16 None of the subjects had known history

of diabetes mellitus. The investigators found that in addition to hyper-

insulinemia, fasting hyperglycemia was also more prevalent in the ADT

group compared to the two control groups (Figure 1), with 44% of

ADT patients having glucose levels in the diabetic range. The duration

of ADT was directly related to the severity of these metabolic abnorm-

alities.17 This study demonstrated that fasting hyperglycemia (includ-

ing undiagnosed diabetes) is more prevalent in men undergoing ADT.

A subsequent population-based study showed that men undergoing

ADT are also at a higher risk of developing incident diabetes.18 This

study looked at health data on 73 196 men o66 years old and found

that men undergoing ADT experienced a 44% increase in incident

diabetes compared to men not undergoing ADT after adjusting for

confounders. These findings were confirmed by an age-matched

cohort study using linked administrative data at the Institute for

Clinical Evaluative Sciences in Ontario, Canada.19 Men were followed

for an average of 6.47 years and were found to have an increased risk of

diabetes compared with men who were ADT-naive. Another obser-

vational study of 37 443 men with loco-regional PCa also showed that

treatment with gonadotropin-releasing hormone (GnRH) agonists was

associated with a significant increase in incident diabetes (159.4 events

per 1000 person-years vs. 87.5 events for no ADT).20 Based on these

findings, prospective long-term studies are needed that are specifically

designed to evaluate for incident diabetes.

ADT: METABOLIC SYNDROME

Body composition changes in men undergoing ADT are probably

the precursor of metabolic complications. According to the Adult

Treatment Panel—III, metabolic syndrome in men is diagnosed if they

have three of the following five criteria: fasting plasma glucose level

of .110 mg dl21, serum triglyceride level of o150 mg dl21, serum

high density lipoprotein level of ,40 mg dl21, blood pressure of

o130/85 mmHg and waist circumference .102 cm. The recent guide-

lines from the American Heart Association maintain most of these

criteria; however, the cutoff for fasting glucose level has been lowered

to .100 mg dl21.21 Patients on antihypertensive and lipid-lowering

medications are also classified as positive for their respective criterion.

Men with metabolic syndrome are three times more likely to die of

coronary heart disease and other cardiovascular (CV) complications

than their healthy counterparts.22 Recent epidemiologic studies have

shown that male hypogonadism has emerged as an independent risk

factor for metabolic syndrome.23 This may also be the case in men

undergoing ADT as a cross-sectional study has reported a higher

prevalence of metabolic syndrome in these men.24 This study showed

that metabolic syndrome was prevalent in over 50% of men under-

going long-term ADT when compared to age-matched men with PCa

not undergoing ADT (22%) and their age-matched eugonadal coun-

terparts (20%) (Figure 2). These metabolic changes could contribute

to CV disease in men undergoing ADT.

ADT: CARDIOVASCULAR DISEASE (CVD) AND MORTALITY

The relationship between androgens and CVD remains unresolved.

Findings from some epidemiological studies suggest that low serum

testosterone level is associated with higher CV and all-cause mortality,25

although one cannot exclude reverse causality. Small cross-sectional

studies have shown an inverse association between serum testosterone

and the degree of coronary atherosclerosis;26 however, large prospective

studies have yet to confirm this relationship. Recently, data have

emerged implicating ADT with CVD and mortality. However; it is

important to note that none of these studies was designed with CV

disease or mortality as the primary outcome and the available data are a

result of secondary analyses of large oncological trials. Here we briefly

summarize these data.

In 2006, a study evaluating data from the Surveillance, Epide-

miology and End Results and Medicare databases showed an asso-

ciation between ADT and CVD.18 The study examined records of 73

196 people o66 years old diagnosed with localized PCa who were

being treated with GnRH agonist or orchiectomy. The analysis showed

that GnRH agonist therapy was associated with a significant increase

in risk of incident coronary heart disease (adjusted hazard ratio: 1.16),

myocardial infarction (hazard ratio: 1.11) and sudden cardiac death or

life-threatening ventricular arrhythmia (hazard ratio: 1.16), while

orchiectomy was associated only with a greater risk of diabetes. This

could either be due to fewer numbers of patients who underwent

orchiectomy or GnRH agonists may have a direct role in these events.

The latter argument remains unresolved as one previous study showed

QTc prolongation in patients receiving GnRH agonists;27 however;

a recent 12-month long comparative study (GnRH agonist vs.

antagonist) did not show any differences in CV events between the

two groups.28 A study using the Cancer of the Prostate Strategic

Urologic Research Endeavor database also showed that men receiving

ADT were 2.6 times more likely to die of CV events than non-ADT

controls.29 Overall CVD morbidity from ADT was examined by

another study using the Surveillance, Epidemiology and End Results

registry that evaluated 22 816 men with newly diagnosed PCa who had

not experienced a CV event during the first 12 months post-PCa

diagnosis.30 The study found that men who received ADT had a

20% higher risk of serious CV morbidity than similar men who

did not. Another observational study of 37 443 veterans (mean age:

66.9 years) with PCa showed that men undergoing ADT had higher

rates of incident coronary heart disease, myocardial infarction, sudden

Figure 1 Prevalence of undiagnosed diabetes in men undergoing long-term

androgen deprivation therapy.16 ADT, androgen deprivation therapy.

Figure 2 Prevalence of metabolic syndrome in men undergoing long-term

androgen deprivation therapy.24 ADT, androgen deprivation therapy.
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death and stroke compared to men not treated with ADT.20 The pro-

gression of disease leading to potentially negative outcomes is further

documented in another study of 5077 men (median age: 69.5 years)

with localized or locally advanced PCa.31 Men treated with neoadju-

vant ADT who had a history of coronary artery disease-induced con-

gestive heart failure were found to be at an increased risk for all cause

mortality.

Because the same metabolic changes that predispose to coronary

disease may also increase the risk of cerebrovascular events, one would

expect a higher incidence of transient ischemic attacks or strokes in

ADT patients. A recent population-based cohort study of 22 310

patients with PCa showed that ADT may increase risk of transient

ischemic attacks and stroke.32 Increased frequency of thromboem-

bolic events have also been reported in androgen-deprived men.33

ADT AND CVD: CONFLICTING DATA

Although some studies do illustrate a relationship between ADT and

increased risk of CV events, other studies have not confirmed this

association. Alibhai et al.19 took a cohort of men aged 66 years or older

who had been observed for a mean of 6.47 years. While ADT was

associated with increased risk of diabetes, there was no such asso-

ciation with incidence of acute myocardial infarction in this group

of nearly 20 000 ADT users matched to the same number of non-ADT

users for pair analysis.19 Similar results were reported in an analysis

from the Radiation Therapy Oncology Group, a large prospective

randomized controlled trial of men with locally-advanced PCa com-

paring long-term (28 months) and short-term (4 months) ADT in

combination with radiation therapy.34 The study found that long-

term ADT does not increase CV mortality in men with locally

advanced PCa. They did find that traditional CV risk factors suck as

old age, prevalent CVD and diabetes were significantly associated with

CV mortality. A recent large study assessing the impact of ADT on

CVD mortality in men undergoing curative intent external beam radi-

ation therapy confirmed these findings.35 Among these men, the

cumulative CV mortality at 7 years was 2.6% for men not undergoing

ADT, 2.1% for men with ,6 months ADT and 1.4% for men under-

going ADT for .6 months. Punnen et al.36 analyzed a total of 7248

men in the Cancer of the Prostate Strategic Urologic Research

Endeavor registry to assess the relationship between ADT and CV

mortality. Competing hazard survival analysis was performed for

PCa-specific, CV and all-cause mortality. Based on propensity-

matching algorithm, there was no significant difference in CV mor-

tality among men who did versus who did not receive ADT.36

A few studies have also contradicted the association of ADT with

cerebrovascular disease. The first study found that men on ADT were

less likely to experience a stroke than men not undergoing ADT.19

Chung et al.37 recently conducted a 5-year follow-up study in men

undergoing ADT. The incidence of stroke in men who received ADT

was 17.2% compared to 18.9% in men who did not. After adjusting for

confounders, there was no significant difference in the hazard of stroke

between the two groups.

CONCLUSION

As evident from the conflicting data, the relationship between ADT

and CVD remains unclear. Until clarity is reached on this issue, it

would be prudent for physicians initiating ADT to carefully weigh

risk/benefit ratio. It is essential for clinicians and patients alike to

be informed regarding the potential benefits and harms of ADT.

Particular attention should be given to older men who have pre-exist-

ing CV comorbidities. Patients should be encouraged to adopt a

healthy lifestyle such as a balanced diet and engagement in physical

activity. While planning physical activity, a practitioner should con-

sider prevalent cardiac risk in that patient. Clinicians should use

evidence-based guidelines published by the American Heart Association,

as suggested by a recent science advisory.38 Prospective studies

evaluating the benefit of aggressive baseline CV screening, lifestyle

modifications and pharmacological preventive measures (insulin-

sensitizing agents, lipid-lowering therapy, aspirin) in patients with

PCa prior to undergoing ADT are needed. A recent pilot study of

men about to receive ADT randomized them to ADT alone or 6

months of metformin and exercise program.39 After 6 months, sig-

nificant improvements in abdominal girth, weight and body mass

index were seen in the intervention arm.

There remains a great need to conduct prospective studies to assess

CV risk associated with ADT. These studies should be powered for

incident CV events and CV mortality as the primary outcome. As more

light is shed on the CV risks of ADT, clinical care of these patients will

undoubtedly improve.
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