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ABSTRACT 

Testosterone has been used for decades in the treatment of men with hypogonadism, of 

females with low libido, and more recently in patient populations with cardiac disease, in 

particular patients with heart failure. The benefits of testosterone supplementation have 

been demonstrated in the literature, but there is also concern that testosterone 

supplementation may not be benign, especially when administered to achieve 

supraphysiological levels, as frequently practiced in abusing athletes.  This review 

seeks to address the link between testosterone levels and cardiac disease while 

discussing the safety concerns of testosterone supplementation in clinical practice.  

Ultimately, the definitive role of testosterone in cardiovascular disease remains 

contentious, but may have niche roles in certain conditions such as advanced heart 

failure or cardiac cachexia.   
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INTRODUCTION 

Testosterone has been used for decades in the treatment of male hypoganadism 

as well as in women with low libido, and more recently as an adjunctive treatment in 

populations of patients with cardiac disease. Low testosterone levels have been linked 

to heart disease as well as risk factors for heart disease, and testosterone 

supplementation in some studies has been associated with improved cardiovascular 

outcomes. However, there has been concern that the clinical use of testosterone may 

be potentially unsafe, which is mainly based on reports of abuse of steroid use among 

some athletes in order to achieve supra-physiological levels to gain improved muscle 

strength and physical performance. In this review, the authors seek to specifically clarify 

the ambiguous role testosterone has hitherto played in cardiovascular health, especially 

with regard to its safety in clinical use.  While testosterone has been shown to have 

potential deleterious physiological cardiovascular effects, there is mounting evidence to 

support that testosterone has the ability to promote and improve cardiovascular health 

when administered to maintain physiological levels.  

 

CARDIOVASCULAR EFFECTS OF LOW TESTOSTERONE  

The detrimental cardiovascular effect of low circulating testosterone has been 

demonstrated in both animal models and clinical trials, with androgen deficiency being 

repeatedly associated with such cardiovascular risk factors as metabolic syndrome, 

obesity, diabetes type II (1), hypertension, and dyslipidemia (2). Evidence for such 

metabolic derangements comes primarily from trials in which patients received 

androgen deprivation therapy, a modality that is often used in the treatment of prostate 



cancer.  In patients undergoing androgen deprivation therapy status post radical 

prostatectomy for prostate cancer, patients had an increased incidence of metabolic 

syndrome and diabetes type II, as well as elevated triglycerides, total cholesterol, and 

low density lipoprotein (LDL) levels when compared to the levels prior to therapy (3). In 

a study of 171 males with coronary risk factors but no frank disease, a 77-month follow 

up revealed 20 cardiovascular events. Subjects in the lowest tertile of testosterone 

levels had a 4-fold cardiovascular event risk compared those in the highest tertile (4).  

In addition to being linked to the development of atherosclerosis by causing 

dyslipidemia(5), low testosterone levels have also been associated with increased 

incidence of atherosclerosis. In a cohort of 90 men, 60 with positive coronary 

angiograms and 30 with negative coronary angiograms, those with documented 

coronary artery disease (CAD) demonstrated significantly lower levels of testosterone 

than patients without coronary artery disease, as documented by coronary angiography 

(6).  Sieminska et al. studied 105 men with angiographically-documented coronary 

artery disease and reported significantly lower levels of free testosterone in CAD 

patients compared to controls (7). 

Regarding mortality, Haring et al. demonstrated that among 1954 men who were 

recruited for the prospective population-based Study of Health in Pomerania, all-cause 

mortality and cardiovascular mortality both were significantly increased in individuals 

with lower serum testosterone levels (8).  Malkin et al. corroborated such findings in a 

longitudinal follow up study of 930 consecutive men with CAD. Patients were divided 

according to testosterone levels. At seven years testosterone deficient patients had a 

21% all-cause mortality compared to a 12% mortality in patients with normal 



testosterone levels (9). In addition, in a study of 3262 patients undergoing radical 

prostatectomy, the 1015 patients receiving androgen deprivation therapy had a 5.5% 

cardiovascular mortality at 5 years compared to a 2% mortality rate in patients who did 

not receive androgen deprivation therapy (10). 

While low testosterone states have been correlated with increased 

cardiovascular risk factors, disease, and mortality, several studies showed that 

testosterone might be unrelated to the occurrence of CAD in men. Barrett-Connor et al. 

published a prospective study of 1009 men aged 40-79 who were followed over 12 

years. No correlation between sex hormones and cardiovascular disease was found 

(11). Yarnell et al. studied 2,512 men aged 45-59 over 5 years for associations between 

testosterone levels and ischemic heart disease. Of 153 patients who developed 

ischemic heart disease (both nonfatal and fatal), there was no significant difference in 

testosterone levels in those with ischemic heart disease compared to men without CAD.  

Of interest, the authors showed that patients with lower testosterone levels 

demonstrated higher triglycerides and decreased high density lipoprotein (HDL) levels 

(12). 

 

EFFICACY OF TESTOSTERONE REPLACEMENT 

A meta-analysis of 29 randomized controlled trials that included 1083 middle-

aged men with low testosterone (13) showed that restorative testosterone therapy to 

physiological levels improved bone mineral density at the lumbar spine, strength of 

leg/knee extension and hand grip strength, and decreased total body fat while reducing 

total cholesterol. Those patients with lower baseline testosterone concentrations had 



the greatest effect when treated with testosterone.  No serious adverse events during 

testosterone therapy were noted in this meta-analysis.  In a randomized, double-blind, 

placebo-controlled study of 50 hypogonadal men with metabolic syndrome who were 

treated with testosterone, there was a marked decrease in metabolic syndrome after 

treatment. No significant adverse events in the treatment group were noted (14). 

In addition to decreasing cardiovascular risk factors such as cholesterol and 

metabolic syndrome, testosterone replacement has also been shown to increase HDL, 

which is known to be athero-protective by removing lipids from developing fatty streaks, 

the precursor structures to frank atherosclerosis (5).  An animal study by Nettleship et 

al. showed that physiological testosterone replacement in testicular feminized mice both 

increased HDL levels and actually inhibited fatty streak formation in the mouse aortas 

(15). Others studies have corroborated such HDL-increasing results, while some others 

showed no testosterone effect on HDL (16). In summary, the effects of testosterone on 

HDL levels are controversial and still uncertain. 

More recently, a double-blind placebo-controlled clinical trial reported that in 184 

men with metabolic syndrome and hypogonadism, a 30-week trial of parenteral 

testosterone therapy resulted in significant decreases in weight, BMI, waist 

circumference, insulin levels, as well as pro-inflammatory markers associated with heart 

disease such as IL-1-beta, TNF-alpha, and CRP. Of note, lipid profile changes were not 

significant, nor were Il-6 or Il-10 level changes (17). Gruenewald et al. also 

demonstrated that testosterone treatment consistently led to improved bone mineral 

density, strength, libido, and erectile function. In men with CAD, the authors 

demonstrated reduced exercise-induced myocardial ischemia and improved symptoms. 



However, both hematocrit and prostate specific antigen (PSA) levels were noted to be 

frequently increased in men treated with testosterone (18). 

 In a randomized, double-blinded, placebo-controlled study of 46 men with stable 

angina, half were given 5mg testosterone transdermal patch and half placebo over 12 

weeks, and time to 1-mm-ST-segment depression was assessed as a surrogate for 

exercise-induced myocardial ischemia.  There was a statistically significant 

improvement in ST-segment depression time in the testosterone treated group, 

indicating a reduction in exercise-induced ischemia in men with angina who were 

treated with low doses of testosterone. No significant changes in PSA, lipids, or 

hematocrit were detected during the study (19). A randomized, double-blinded study of 

50 men with ST depressions after a modified two-step exercise test found that after 8 

weeks, those treated with weekly injections of testosterone cypionate had a 51% 

decrease in depression in the summation of leads II, V4, V5, V6. Again, this indicates 

that testosterone may play a role in diminishing exercise-induced ischemia in men with 

known CAD (20).   

  

Testosterone therapy has also proven efficacious in the treatment of heart failure 

and cardiac cachexia, a state of severe end-stage heart failure hallmarked by muscle 

wasting, increased catabolism with high levels of TNF-alpha, and decreased anabolism 

with low levels of growth hormone and testosterone (21). ADD CAMICI study here 

!!!!!!!!!!!!!In addition, in a recently published study of 36 elderly women with heart failure 

and an average ejection fraction (EF) of 32.9% on maximal medical therapy, 

supplemental  transdermal testosterone supplementation resulted in significant 



improvements in 6-minute walk tests, with an average improvement of 36.4 +/- 11.9 

meters. Of note, those women with lower baseline testosterone levels had a more 

marked response than those with normal levels at initiation of therapy (125.2 +/- 60.3 

meters versus 68.8 +/- 53.1 meters) (22). No significant change in EF was noted. In a 

study of 76 men with heart failure with average baseline EF 32.5%, functional capacity 

was improved by measure of 6-minute walk test. No significant changes in EF were 

noted, but there was a decrease in heart failure symptoms in the testosterone treatment 

group compared to the placebo group as assessed by an average decrease of one 

NYHA class (23).  

 

SAFETY OF TESTOSTERONE REPLACEMENT 

While promising as a potential adjunctive therapy in the prevention or treatment 

of cardiac disease, it is crucial to tread carefully with regard to any treatment that may 

have potentially deleterious effects.  Testosterone therapy has been linked to 

exacerbation of prostate cancer (24) and to an increase in prostate specific antigen and 

hematocrit (18).   

A laboratory study on human umbilical vein endothelial cells demonstrated that 

testosterone exposure increases early stages of apoptosis in endothelial cells compared 

to controls at 48 hours, signaling a potentially deleterious effect on vasculature (25).  

However, it should be noted that testosterone levels used in this experiment were 

supraphysiologic, and the time course of the study was only 48 hours, so one cannot 

make direct implications about physiological testosterone supplementation over the 

long-term. 



In addition, some trials have raised concerns that testosterone treatment can 

lead to the development of ventricular hypertrophy and deterioration of left ventricular 

function (26) as well as to increased LDLs, decreased HDLs, and an increased 

frequency of myocardial infarctions (27).  Of note, these cardiac effects were 

demonstrated in anabolic steroid users, with testosterone administration being 

significantly supraphysiologic (be specific here, what levels???).  In contrast, when 

administered in testosterone deficient patients to only reach physiological levels, 

testosterone has been shown to decrease ventricular mass and increase cardiac index 

while improving lipid profiles (23,28).  

Several large studies that examined the efficacy of testosterone treatment have 

shown potential safety hazards in the use of testosterone. Dean et al. studied the 

effects of testosterone gel in 371 hypogonadal men over a 12 month time period. 

Restoring testosterone to physiological levels resulted in an increased bone mineral 

density, increased lean muscle mass, decreased fat percentage, improved sexual 

function, and improved mood.  However, among those 371 men, 40 reported “adverse 

events” that warranted drug discontinuation. The four most common adverse events in 

descending order were elevated PSA, elevated hematocrit, elevated hemoglobin, and 

application site erythema. The average baseline entrance PSA was 1.26 ± 0.005ng/mL, 

and average PSA at 12 months was increased by 0.45ng/mL.Three patients were 

diagnosed with prostate cancer. Hemoglobin and hematocrit also increased, with 

average increases of hemoglobin by 1 g/dl and an average increase of hematocrit by 3 

percentage points (29). 



Wang et al. studied 163 hypogonadal men receiving Androgel™, another 

testosterone gel preparation. Average baseline entrance PSA was 0.85 ± 0.06ng/mL, 

and average PSA at 6 months of treatment was 1.11 ± 0.08ng/mL. Six subjects attained 

PSA levels above the predetermined study threshold of 5.5ng/mL, at which time the gel 

was discontinued. Three subjects had biopsy shown prostate cancer. Of note, this study 

was not placebo controlled, nor powered to determine prostate cancer risk in 

testosterone treated patients. Hemoglobin and hematrocrit also increased, in a dose 

dependent manner, with 14 subjects at one time or another during the trial having 

hemoglobin levels greater than 18 g/dL, at which point the gel was either reduced in 

dosage or discontinued. Other adverse events noted during the time course of this trial 

were acne (7%, n=12), application site erythema (7%, n=12), transurethral resection of 

prostate in one subject for lower urinary tract symptoms, and deep vein thrombosis in 

one subject (30).   

A recent trial raised concerns regarding the safety of testosterone administration 

by demonstrating an increase in adverse “cardiovascular-related events” in the 

testosterone treatment group (n=23) compared to placebo (n=5), prompting an early 

cessation of the study at the recommendation of the data and safety monitoring board 

(31).  Of interest, in this particular study, the testosterone group had a higher incidence 

of hyperlipidemia and “pre-existing cardiovascular disease” at baseline compared to the 

control group, so the results in this group may in fact have been confounded by baseline 

elevated lipids and pre-existing cardiovascular disease rather than solely testosterone 

administration. Also, the testosterone group received supraphysiological levels of 

testosterone (31). The definition of “cardiovascular-related events” was also defined 



quite broadly in this study, with the most common event in the testosterone group being 

peripheral edema (n=5), as defined by clinical exam, without echocardiographic or 

catheterization findings to link this finding to a cardiac etiology. Although there were two 

myocardial infarctions in the testosterone group (versus none in the placebo arm), these 

numbers are far too small to make meaningful conclusions(31).  

Lastly, the study population included hypogonadal men over the age of 65 with 

severely limited mobility and chronic medical conditions, with those under the age of 65 

and those with severe hypogonadism being excluded (31). Therefore, the results of this 

study do not imply that testosterone administration at physiological doses is unsafe 

outside of this narrow niche population. 

By far the greatest proportion of literature focuses on the testosterone treatment 

for the hypogonadal male. However, women have also been treated with testosterone 

and the safety of use in women should also be explored. The most likely side effects in 

women treated with testosterone are hirsuitism and acne (32), as well as virilization in 

the form of deepening of the voice and clitoromegaly (33), but most of these effects are 

seen when testosterone is administered in supraphysiological doses (34).  

 

Far more rare, and more of a safety concern in women being treated with 

testosterone, is the potential for increased breast cancer risk. A prospective case-

control study of 266 premenopausal women found that the relative odds for developing 

breast cancer was 4.2 in the women with highest quartile of bioavailable testosterone, 

inferring that higher testosterone levels in women may incur increased risk of 

developing breast cancer (35). Other studies, however, have shown that increased 



testosterone levels in women were not associated with increased risk of breast cancer. 

Traish et al. reviewed female-to-male transsexuals treated with testosterone and found 

that in those treated with supraphysiological levels of testosterone in their 

transformation, there was no increase in vascular disease, breast cancer, or mortality 

(36). 

In June 2010, The Endocrine Society Task Force published the guidelines to 

ensure safety of testosterone administration in hypogonadal men. The society’s 

recommendation is to use testosterone therapy in “men with symptomatic androgen 

deficiency to induce and maintain secondary sex characteristics and to improve their 

sexual function, sense of well-being, muscle mass and strength, and bone mineral 

density.” Target testosterone level should be in the mid-to-normal range. However, 

testosterone treatment is not recommended for patients with “breast or prostate cancer, 

a palpable prostate nodule, PSA greater than 4ng/mL or 3ng/mL in men at high risk for 

prostate cancer, hematocrit greater than 50%, untreated severe obstructive sleep 

apnea, severe lower urinary tract symptoms with an International Prostate Symptom 

Score above 19, or uncontrolled or poorly controlled heart failure” (37). 

 

DISCUSSION 

Low testosterone has been associated with cardiovascular risk factors, 

cardiovascular disease, and mortality, and testosterone replacement therapy has been 

demonstrated in the literature to be effective in minimizing cardiovascular risk factors 

and improving cardiovascular outcomes in individuals both with and without underlying 

cardiovascular disease. The beneficial effects have primarily been found in 



hypogonadal men, but also in women being treated with testosterone for low libido. 

However, the use of testosterone in the clinical setting has been associated in some 

studies with adverse safety outcomes such as depressed ventricular function and 

myocardial infarction. It should be noted that these safety concerns were primarily 

described when the doses of administered testosterone were supraphysiologic, such as 

in anabolic steroid users; however some adverse events have also been described at 

physiological levels.    

 

EXPERT OPINION 

The safety concerns of testosterone administration are exacerbation of prostate 

cancer, breast cancer, and elevation of prostate specific antigen and hematocrit levels 

with its potential clinical sequelae. Therefore guidelines have been recommended to 

discourage the use of testosterone in susceptible populations.  However, cardiovascular 

safety concerns have more often been documented in the literature when testosterone 

is administered at supraphysiologic doses, such as in anabolic steroid users or in 

clinical trials and animal models in which supraphysiologic doses were used. The 

benefits of testosterone administration in men with low testosterone, in order to restore 

physiologic levels of testosterone, has been associated with improvements in 

surrogates of cardiovascular health such as fat percentage, metabolic syndrome, lipid 

profiles, and cardiac index. It also appears that when the baseline testosterone level is 

lower, restorative testosterone therapy to physiological levels becomes more beneficial.  

Testosterone can be used in patients with cardiovascular disease when the 

achieved levels are physiological rather than supraphysiological: in particular, in our 



own population of pateitns with advanced stages of heart failure we have had excellent 

success in providing testosterone therapy in particular in those with cardiac cachexia. 

More clinical studies are warranted to further elucidate testosterone’s role in 

cardiovascular disease prevention and treatment. Also, very few data are available in 

women.  So summarize here: When to use testosterone, which populations, 

importance of monitoring and follow up, selction of pts, etc.. !!! 
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