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Objectives

• Review current literature regarding testosterone and the heart

• Controversial topic 



Introduction

• Difficult to study heart disease
• Multiple risks factors:  fam hx, lipids, obesity, smoking, physical activity…

• Difficult to study testosterone
• Variable levels…

• Difficult to study together



Diagnosis

https://www.endocrine.org/guidelines-and-clinical-practice/clinical-practice-
guidelines/testosterone-therapy

https://www.endocrine.org/guidelines-and-clinical-practice/clinical-practice-guidelines/testosterone-therap


Shalender Bhasin, Juan P Brito, Glenn R Cunningham, Frances J Hayes, Howard N Hodis, Alvin M Matsumoto, Peter J Snyder, Ronald S Swerdloff, Frederick C Wu, Maria A Yialamas, Testosterone Therapy 
in Men With Hypogonadism: An Endocrine Society Clinical Practice Guideline, The Journal of Clinical Endocrinology & Metabolism, Volume 103, Issue 5, May 2018, Pages 1715–
1744, https://doi.org/10.1210/jc.2018-00229

https://doi.org/10.1210/jc.2018-00229


Treatment options

Shalender Bhasin, Juan P Brito, Glenn R Cunningham, Frances J Hayes, Howard N Hodis, Alvin M Matsumoto, Peter J Snyder, Ronald S
Swerdloff, Frederick C Wu, Maria A Yialamas, Testosterone Therapy in Men With Hypogonadism: An Endocrine Society Clinical Practice 
Guideline, The Journal of Clinical Endocrinology & Metabolism, Volume 103, Issue 5, May 2018, Pages 1715–
1744, https://doi.org/10.1210/jc.2018-00229

https://doi.org/10.1210/jc.2018-00229


https://www.fda.gov/news-events/press-announcements/fda-approves-new-oral-testosterone-capsule-
treatment-men-certain-forms-hypogonadism

https://www.fda.gov/news-events/press-announcements/fda-approves-new-oral-testosterone-capsule-treatment-men-certain-forms-hypogonadism


Hypogonadism and increased cardiovascular 
risk

Testosterone and Cardiovascular Health
Elagizi, Andrew et al.
Mayo Clinic Proceedings , Volume 93 , Issue 1 , 83 - 100



Testosterone Prescribing in the United States, 2002-
2016
Baillargeon J, Kuo Y, Westra JR, Urban RJ, Goodwin JS. JAMA. 2018;320(2):200–202. doi:10.1001/jama.2018.7999



Adverse events associated with testosterone administration
Basaria S, Coviello AD, Travison TG, et al.
N Engl J Med. 2010;363(2):109–122. doi:10.1056/NEJMoa1000485

• Testosterone in Older Men with Mobility Limitations trial (TOM trial)
• 209 men

• mean age 74 years

• with limitations in mobility and low total serum testosterone levels

• (climb 10 steps or walking 2 blocks)

• high prevalence of comorbidities, including hypertension, diabetes, 
congestive heart failure, and renal insufficiency. 



Adverse events associated with testosterone administration 
Basaria S, Coviello AD, Travison TG, et al.
N Engl J Med. 2010;363(2):109–122. doi:10.1056/NEJMoa1000485

• randomly assigned a placebo gel or testosterone gel, to be applied 
daily for 6 months

• 23 subjects in the T group vs. 5 in the placebo group had 
cardiovascular-related adverse events, including 1 death in the 
treatment group. 

• halted because of these adverse effects. 



Adverse events associated with testosterone administration
Basaria S, Coviello AD, Travison TG, et al.
N Engl J Med. 2010;363(2):109–122. doi:10.1056/NEJMoa1000485

• Goal of study improvement in physical function not cardiovascular 
disease

• Cardiovascular event not defined prior to study

• Cardiovascular related events:  peripheral edema, htn, tachycardia, 
non specific EKG changes 

• Higher T doses – higher T levels



Vigen R, ODonnell CI, Barón AE, et al. Association of Testosterone Therapy With Mortality, Myocardial 
Infarction, and Stroke in Men With Low Testosterone Levels. JAMA. 2013;310(17):1829–1836. 
doi:10.1001/jama.2013.280386

Nov 6, 2013

-Observational study 8709 men in VA 
who underwent cardiac angiography 
and had low T
-MI, stroke or death at 3 yrs. following 
angiography

- Men who subsequently received 
TTh 25.7%  

- Untreated 19.9%   



• Limitations:
• Observational - no chart review

• Based on ICD9 
• Unknown when T was measured 

• 40% T not measured. 
• The rest T levels only 332 ng/dl  (adequately 

replaced??, compliance??)



Vigen R, ODonnell CI, Barón AE, et al. Association of Testosterone Therapy With Mortality, Myocardial 
Infarction, and Stroke in Men With Low Testosterone Levels. JAMA. 2013;310(17):1829–1836. 
doi:10.1001/jama.2013.280386

Nov 6, 2013

-Observational study 8709 men in VA 
who underwent cardiac angiography 
and had low T
-MI, stroke or death at 3 yrs. following 
angiography

- Men who subsequently received 
TTh 25.7%    10.1%

- Untreated 19.9%   21.2%

Miscategorized ~1000 
individuals (~10% women)



Adverse events…

- Info obtained form healthcare database
- Information available: procedure codes, diagnosis codes and prescription 

data
- incidence rate of MI in the 90 days following the initial prescription vs. rate 

in the one year prior to the initial prescription (N=55,593)
- Same in a cohort of men prescribed phosphodiesterase type 5 inhibitors 

(PDE5I; sildenafil or tadalafil, N = 167,279) 
- TT prescription post/pre rates vs.PDE5I post/pre rates

PLoS One. 2014 Jan 29;9(1):e85805. doi: 10.1371/journal.pone.0085805. eCollection 2014.

https://www.ncbi.nlm.nih.gov/pubmed/?term=increased+risk+of+non+fatal+myocardial+infarction+finkle


Adverse events…

PLoS One. 2014 Jan 29;9(1):e85805. doi: 10.1371/journal.pone.0085805. eCollection 2014.

• No control group (12 mo. Prior not adequate control) - retrospective
• comparison made between men given T and men given PDE5i
• MI rates determined by dx codes
• no other clinical data such as pre or post treatment testosterone levels, BMI, 

smoking, BP
• Diagnostic indication for using T ???
• T exposure defined as receiving a Rx

• unknown if filled, used it, or obtained and used refills

https://www.ncbi.nlm.nih.gov/pubmed/?term=increased+risk+of+non+fatal+myocardial+infarction+finkle


https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-cautions-about-using-testosterone-products-low-
testosterone-due





Morgentaler, Abraham et al.
Mayo Clinic Proceedings , Volume 91 , Issue 7 , 881 - 896



Morgentaler, Abraham et al.
Mayo Clinic Proceedings , Volume 91 , Issue 7 , 881 - 896

RESOLUTION 1. TD is a Well-established, Significant Medical 
Condition That Negatively Affects Male Sexuality, Reproduction, 
General Health, and Quality of Life
RESOLUTION 2. The Symptoms and Signs of TD Occur as a Result of 
Low Levels of T and may Benefit From Treatment Regardless of 
Whether There is an Identified Underlying Etiology
RESOLUTION 3. TD is a Global Public Health Concern
RESOLUTION 4. T Therapy for Men With TD is Effective, Rational, and 
Evidence Based



Morgentaler, Abraham et al.
Mayo Clinic Proceedings , Volume 91 , Issue 7 , 881 - 896

RESOLUTION 5. There is No T Concentration Threshold That Reliably Distinguishes 
Those Who Will Respond to Treatment From Those Who Will Not
RESOLUTION 6. There is No Scientific Basis for Any Age-specific Recommendations 
Against the Use of T Therapy in Men
RESOLUTION 7. The Evidence Does Not Support Increased Risks of CV Events With T 
Therapy
RESOLUTION 8. The Evidence Does Not Support Increased Risk of PCa With T 
Therapy
RESOLUTION 9. The Evidence Supports a Major Research Initiative to Explore 
Possible Benefits of T Therapy for Cardiometabolic Disease, Including Diabetes



Testosterone Trials

• 7 coordinated trials of testosterone treatment in elderly men

• First large, government funded, multicenter, placebo-controlled

• 790 men 65 yrs. or greater assigned to either t gel or placebo
• (mean age 72)



Testosterone trials

1. Physical function trial

2. Sexual function trial

3. Vitality trial

4. Cognitive function trial

5. Anemia trial

6. Cardiovascular trial 

7. Bone trial

Noncalcified coronary artery 
plaque
volume by computed 
tomographic angiography



Snyder et al., 20818.  Lessons From the Testosterone Trials, Endocrine Reviews, Volume 39, Issue 3, June 2018, Pages 369–386, https://doi.org/10.1210/er.2017-
00234

https://doi.org/10.1210/er.2017-00234


Cardiovascular trial
Testosterone Treatment and Coronary Artery Plaque Volume in Older Men With 
Low Testosterone.
Budoff et al.  JAMA 2017 Feb 21;317(7):708-716. doi: 10.1001/jama.2016.21043.

• ~ 170 subjects

• Primary outcome 
• noncalcified coronary artery plaque volume, as determined by coronary 

computed tomographic angiography. 

• Secondary outcomes 
• total coronary artery plaque volume 

• coronary artery calcium score  (range of 0 to >400 Agatston units, higher 
values = more severe atherosclerosis)



Cardiovascular trial
Testosterone Treatment and Coronary Artery Plaque Volume in Older Men With 
Low Testosterone.
Budoff et al.  JAMA 2017 Feb 21;317(7):708-716. doi: 10.1001/jama.2016.21043.

• 73 testosterone vs. 65 placebo

• mean (SD) age was 71.2 (5.7) years

• 81% were white

• high rates of obesity, hypertension, hyperlipidemia, and diabetes

• relatively high 10-year risk of a cardiovascular event by the American 
College of Cardiology/American Heart Association risk calculator 
(ASCVD)
• 24% [95% CI, 2.6%-45.4%] in the testosterone group vs. 27% [95% CI, 6.4%-

47.6%] in the placebo group



Cardiovascular trial
Testosterone Treatment and Coronary Artery Plaque Volume in Older Men With 
Low Testosterone.
Budoff et al.  JAMA 2017 Feb 21;317(7):708-716. doi: 10.1001/jama.2016.21043.

• prevalence of atherosclerosis

• high coronary artery calcification score (higher than 300 Agatston 
units)

• 70 men [50.7%] overall

• 60.3% in the placebo group 

• 43.8% in the testosterone group



Cardiovascular trial
Testosterone Treatment and Coronary Artery Plaque Volume in Older Men With 
Low Testosterone.
Budoff et al.  JAMA 2017 Feb 21;317(7):708-716. doi: 10.1001/jama.2016.21043.

• Primary outcome

• testosterone vs. placebo

• greater increase in noncalcified plaque volume from baseline to 12 
months 

• median values of 204 mm3 to 232 mm3 vs 317 mm3 to 325 mm3

(estimated difference, 41 mm3; 95% CI, 14 to 67 mm3; P = .003)
• (baseline 60 to 420 mm3 vs. 168 to 589 mm3)



Cardiovascular trial
Testosterone Treatment and Coronary Artery Plaque Volume in Older Men With 
Low Testosterone.
Budoff et al.  JAMA 2017 Feb 21;317(7):708-716. doi: 10.1001/jama.2016.21043.

• Secondary outcomes: 

• median total plaque volume increased in both from baseline to 12 months
• Testosterone group:  272 mm3 to 318 mm3 

• Placebo group:  499 mm3 to 541 mm3 

• (estimated difference, 47 mm3; 95% CI, 13 to 80 mm3; P = .006)

• median coronary artery calcification score changed in both
• Testosterone group:   255 to 244 Agatston units  

• Placebo group:  494 to 503 Agatston units 

• (estimated difference, -27 Agatston units; 95% CI, -80 to 26 Agatston units). 

• No adverse cardiovascular events



Snyder et al., 20818.  Lessons From the Testosterone Trials, Endocrine Reviews, Volume 39, Issue 3, June 2018, Pages 369–
386, https://doi.org/10.1210/er.2017-00234

https://doi.org/10.1210/er.2017-00234


Testosterone's Effects on Atherosclerosis
Progression in Aging Men (TEAAM)
Basaria et al., JAMA 2015 Aug 11;314(6):570-81. doi: 10.1001/jama.2015.8881.

• placebo-controlled, double-blind, parallel-group randomized trial 

• 308 men 60 years or older with low or low-normal testosterone levels 
(100-400 ng/dL; free testosterone <50 pg/mL)

• 156 received 7.5 g of 1% testosterone and 152 received placebo gel 
packets daily for 3 years

• dose was adjusted to achieve testosterone levels between 500 and 
900 ng/dL

• Coprimary outcomes included common carotid artery intima-media 
thickness and coronary artery calcium



Testosterone's Effects on Atherosclerosis
Progression in Aging Men (TEAAM)
Basaria et al., JAMA 2015 Aug 11;314(6):570-81. doi: 10.1001/jama.2015.8881.

• Rate of change in intima-media thickness 

• Placebo group:   0.010 mm/year 

• Testosterone group:   0.012 mm/year 

• (mean difference adjusted for age and trial site, 0.0002 mm/year; 95% CI, -
0.003 to 0.003, P = .89).

• Rate of change in the coronary artery calcium score 

• Placebo group: 41.4 Agatston units/year 

• Testosterone group:  31.4 Agatston units/year 

• (adjusted mean difference, -10.8 Agatston units/year; 95% CI, -45.7 to 24.2; 
P = .54).

• No CV events – designed to measure atherosclerosis



Normalization of testosterone level is associated with reduced incidence 
of myocardial infarction and mortality in men
Sharma et al., Eur Heart J. 2015 Oct 21;36(40):2706-15. doi: 10.1093/eurheartj/ehv346. Epub 2015 Aug 6.

• retrospectively examined 83,010 males > 50 yrs. with documented 
low T levels (from VA 1999-2014) without prior MI or stroke
• Gp1: TRT with resulting normalization of T levels (43,931)

• Gp2: TRT without normalization of TT levels (25,701)

• Gp3: Did not receive TRT  (13,378)

• Matched for age, BMI, various chronic diseases, LDL levels, 
medications

• F/u period: 4.6-6.2 yrs.



Normalization of testosterone level is associated with reduced incidence 
of myocardial infarction and mortality in men
Sharma et al., Eur Heart J. 2015 Oct 21;36(40):2706-15. doi: 10.1093/eurheartj/ehv346. Epub 2015 Aug 6.

• Results 

• Gp1 vs Gp3 (lower)
• all-cause mortality (HR:0.44, CI 0.42-0.46)
• risk of MI (HR: 0.76, CI 0.63-0.93)
• stroke (HR: 0.64, CI 0.43-0.96)

• Gp1 vs Gp2 (lower)
• all-cause mortality (HR: 0.53, CI 0.50-0.55)
• risk of MI (HR: 0.82, CI 0.71-0.95
• stroke (HR: 0.70, CI 0.51-0.96)

• no difference in MI or stroke risk between Gp2 and Gp3.



Normalization of testosterone level is associated with reduced incidence 
of myocardial infarction and mortality in men
Sharma et al., Eur Heart J. 2015 Oct 21;36(40):2706-15. doi: 10.1093/eurheartj/ehv346. Epub 2015 Aug 6.

• Limitations

• Observational

• ?? When T measured

• ?? Indication for T

• Who received T Rx : 
• ?? Healthier subjects 

• Why lower levels in Gp2? 
• Compliance?? 
• Better medical care??

• At least T levels post TTh available=adherence 



Cardiovascular Risks of Exogenous Testosterone Use Among Men: A Systematic 
Review and Meta-Analysis
Alexanderet al., Am J Med. 2017 Mar;130(3):293-305. doi: 10.1016/j.amjmed.2016.09.017. Epub 2016 Oct 14.

• Meta-analysis was done using data from 30 RCTs. 

• randomized controlled trials (RCTs) that enrolled men aged 18 years or older 
receiving exogenous testosterone for 3 or more days

• Primary outcomes:
• death due to all causes, myocardial infarction, and stroke

• Compared with placebo, exogenous testosterone treatment did not show any 
significant increase in risk of myocardial infarction (odds ratio [OR] 0.87; 95% CI, 
0.39-1.93; 16 RCTs), stroke (OR 2.17; 95% CI, 0.63-7.54; 9 RCTs), or mortality (OR 
0.88; 95% CI, 0.55-1.41; 20 RCTs)

https://www.ncbi.nlm.nih.gov/pubmed/27751897


Testosterone and Cardiovascular Risk: Meta-
Analysis of Interventional Studies
Corona et at., J Sex Med. 2018 Jun;15(6):820-838. doi: 10.1016/j.jsxm.2018.04.641

• whether T therapy represents a possible risk factor for CV morbidity and 
mortality

• 93 RCT

• TTh had no clear effect, either beneficial or detrimental, on the incidence of CV 
events

• an increased risk of CV diseases was observed in RCTs when T preparations were 
prescribed at dosages above those normally recommended, or when frail men 
were considered.



Testosterone and HF

• 25 % Pts T deficiency

• Lower T levels associated with HF progression and severity

Toma et al., Testosterone Supplementation in Heart Failure A Meta-
Analysis, Circulation: Heart Failure. 2012 May 1;5:315–321

• Improved exercise function

• No safety concerns



Testosterone and HF

• Caminiti et al.,  Effect of long-acting testosterone treatment on 
functional exercise capacity, skeletal muscle performance, insulin 
resistance, and baroreflex sensitivity in elderly patients with chronic 
heart failure a double-blind, placebo-controlled, randomized study

J Am Coll Cardiol. 2009 Sep 1;54(10):919-27. 

• 70 patients median age 70

• NYHA class II or III HF clinically stable

• Randomly assigned IM T undecanoate or saline for 6 wks.

• improved exercise capacity, muscle strength and baroreflex sensitivity.



Testosterone and HF

• No studies found that reported improvement in left ventricular EF 
after T therapy in patients with HF

• Improvement in functional/exercise may be related to  peripheral 
mechanisms



M Webb C, Collins P. Role of Testosterone in the Treatment of 
Cardiovascular Disease. Eur Cardiol. 2017;12(2):83–87. 
doi:10.15420/ecr.2017:21:1



Conclusions

• No study to provide evidence to support concern that T therapy 
increases cv risk



Conclusions

• Endocrine Society Guidelines: 

• There have been no RCTs that were large enough or long enough to 
determine the effects of T-replacement therapy on major adverse 
cardiovascular events (MACE). Additionally, there is no conclusive 
evidence that T supplementation is associated with increased 
cardiovascular risk in hypogonadal men.

• There are no adequately powered RCTs on the effects of T 
replacement on MACE.



Conclusions

• Ideal Study

• Large prospective

• Randomized, placebo-controlled, double-blinded

• Long term (1yr-more)

• Symptomatic hypogonadism dx made according to current guidelines

• Two types of T preparation (IM, Topical)

• Monitor T levels throughout study

• Primary endpoint:  MI, stroke, CV death



Conclusions

• Ideal Study

• Secondary end:  hospitalizations for ACS and/or HF

• Heart rate, BP, ECG

• Prostate abnormalities

• Questionnaires on sexual health(ED-libido)

• Tests of muscle strength, mass, adiposity

• T effects on lipids, glucose, psa, insulin resistance

• $$$



AACE position statement on the association 
of testosterone and CV risk

• The decision to replace testosterone therapy should be guided by the 
signs/symptoms and testosterone concentrations rather than the underlying 
cause. 

• These men should be told that we do not have definitive studies demonstrating 
risk for treating men with these conditions

• Health care professionals should make patients aware of the possible increased 
cardiovascular risk when deciding whether to start or continue a patient on 
testosterone therapy. 
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