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Statistics

1 - 2% of total world 
population
Prevalence 0.1%
ca. 500,000 patients in US
probability to survive 
40 - 80% (1 year),
10 - 50 % (5 years)

Cardinal symptoms
Decreased exercise tolerance
Dyspnea - Orthopnea
Fatigue
Nocturia
Fluid retention / edema
End-stage: Cachexia

Heart Failure



Adapted from Bristow, MR Management of Heart Failure, Heart Disease: A 
Textbook of Cardiovascular Medicine,  6th edition, ed. Braunwald et al.

Class III

� 25% of HF Patients

� Frequent 
hospitalizations

� Worsening symptoms 
despite drug therapy

� Significant opportunity 
for new therapies

Natural History of Heart FailureNatural History of Heart Failure



Standard TherapyStandard Therapy

••Beta blockersBeta blockers
••ACEIACEI’’s, ARBs, ARB’’s, Aldosterone s, Aldosterone 
blockersblockers
••HydralazineHydralazine
••NitratesNitrates
••DiureticsDiuretics
••DigoxinDigoxin



Neurohormonal Imbalance in Heart 
Failure

Neurohormonal Imbalance in Heart 
Failure

••Increased adrenergic toneIncreased adrenergic tone

••ReninRenin--AngiotensinAngiotensin--Aldosterone systemAldosterone system
••ProPro--inflammatory cytokinesinflammatory cytokines

••Metabolic imbalanceMetabolic imbalance

••GH and Testosterone GH and Testosterone 
DeficiencyDeficiency



TestosteroneTestosterone

•• Anabolic steroid hormoneAnabolic steroid hormone

•• Produced by Leydig cells Produced by Leydig cells 

•• Intracellular Nuclear transcription factorIntracellular Nuclear transcription factor

•• Several membrane bound receptors found throughout Several membrane bound receptors found throughout 
reproductive, cardiovascular, immune and musculoskeletal reproductive, cardiovascular, immune and musculoskeletal 
tissues tissues 



Testosterone DeficiencyTestosterone Deficiency

•• Defined in Males by symptoms including;Defined in Males by symptoms including;
•• energy lossenergy loss
•• weight lossweight loss
•• shortness of breathshortness of breath
•• sexual dysfunctionsexual dysfunction

••Serum total testosterone Serum total testosterone 
••<3.2 ng/mL<3.2 ng/mL



Testosterone TherapyTestosterone Therapy
FormulationsFormulations



Cardiovascular Effects of Testosterone TherapyCardiovascular Effects of Testosterone Therapy

HemodynamicsHemodynamics

••Testosterone sensitiveTestosterone sensitive
LL--type calcium ion type calcium ion 

channels in vascularchannels in vascular
systemsystem

•• Decrease in systemic Decrease in systemic 
vascular resistancevascular resistance

•• Increase Cardiac outputIncrease Cardiac output



Cardiovascular Effects of 
Testosterone Therapy

Cardiovascular Effects of 
Testosterone Therapy

Coronary Artery DiseaseCoronary Artery Disease

•• Increased coronary artery diameter, flow and Increased coronary artery diameter, flow and 
ischemic thresholdischemic threshold

•• Improved time to ST segment depression during Improved time to ST segment depression during 
exercise stress testexercise stress test

•• Decreased symptomatic and silent ischemic Decreased symptomatic and silent ischemic 
events measured on outpatient holter monitorevents measured on outpatient holter monitor



Cardiovascular Effects of Testosterone 
Therapy

Cardiovascular Effects of Testosterone 
Therapy

AtherosclerosisAtherosclerosis
•• Low levels of testosterone are Low levels of testosterone are 
associated with atherogenic lipid associated with atherogenic lipid 
profile, obesity, insulin resistance and profile, obesity, insulin resistance and 
raised fibrinogenraised fibrinogen

•• High levels are thought to be linked to High levels are thought to be linked to 
increased atherogenesisincreased atherogenesis



Testosterone in HFTestosterone in HF
Testosterone levels in patients with HF correlate with;Testosterone levels in patients with HF correlate with;

•• NYHA Functional  ClassNYHA Functional  Class

•• PrognosisPrognosis

•• Cardiovascular FunctionCardiovascular Function

•• SymptomsSymptoms

•• Insulin SensitivityInsulin Sensitivity

•• Bone and Muscle StrengthBone and Muscle Strength



Testosterone in HFTestosterone in HF

Pugh et al. 2004 Pugh et al. 2004 

•• 20 patients with HF randomized to IM 20 patients with HF randomized to IM 
Testosterone or placeboTestosterone or placebo

•• Incremental shuttle walk test (91.0 (19.7) m Incremental shuttle walk test (91.0 (19.7) m 
v 26.0 (15.2) m, p = 0.018), and MLHF v 26.0 (15.2) m, p = 0.018), and MLHF 
Symptom score (34.5 (29.3) to 26.5 (25.3), p Symptom score (34.5 (29.3) to 26.5 (25.3), p 
= 0.034) all significantly improved in the = 0.034) all significantly improved in the 
Testosterone treated group compared to Testosterone treated group compared to 
placebo groupplacebo group



Testosterone in HFTestosterone in HF

In the testosterone treated group, exercise duration In the testosterone treated group, exercise duration 
increased significantly to 419 (200) m, p = 0.001, but there increased significantly to 419 (200) m, p = 0.001, but there 
was no significant change with placebo, to 340 (101) m, p = was no significant change with placebo, to 340 (101) m, p = 
0.122.0.122.



Testosterone in HFTestosterone in HF
Malkin et al. 2006Malkin et al. 2006

•• 76 patients with mod76 patients with mod--sev HF given sev HF given 
Transdermal Testosterone vs. Transdermal Testosterone vs. 
Placebo for 1 yearPlacebo for 1 year

•• NYHA functional class, NYHA functional class, 
LV function, handgrip strength andLV function, handgrip strength and
ISWT assessedISWT assessed

•• All these measure significantly improved compared to the placebAll these measure significantly improved compared to the placebo group.  o group.  
35% of testosterone group had improvement in NYHA class.35% of testosterone group had improvement in NYHA class.

•• ISWT improvement positively correlated with patients measured ISWT improvement positively correlated with patients measured 
bioavailable testosterone levelsbioavailable testosterone levels



Testosterone in HFTestosterone in HF

Change in distance walked on the ISWT. The treatment Change in distance walked on the ISWT. The treatment 
effect of testosterone compared with placebo over the 12effect of testosterone compared with placebo over the 12--
month treatment period. The mean change in distance month treatment period. The mean change in distance 
walked was significantly greater in those patients taking walked was significantly greater in those patients taking 
testosterone compared with placebo (P = 0.006, ANOVA).testosterone compared with placebo (P = 0.006, ANOVA).



Testosterone in HFTestosterone in HF

Caminiti et al. 2009Caminiti et al. 2009

•• IM testosterone vs placebo in 70 men with HFIM testosterone vs placebo in 70 men with HF
•• Cardiopulmonary testing, left ventricular function, Cardiopulmonary testing, left ventricular function, 
Six minute walk test (6MWT), quadriceps maximal Six minute walk test (6MWT), quadriceps maximal 
contraction (MVC) and peak torque, insulin contraction (MVC) and peak torque, insulin 
sensitivity, and baroreflex sensitivity (BRS) sensitivity, and baroreflex sensitivity (BRS) 
assessed over 3 monthsassessed over 3 months
•• Significant increase in peak VO2, decrease in Significant increase in peak VO2, decrease in 
VE/VCO2 slope and increase in BRS.VE/VCO2 slope and increase in BRS.
•• 6MWT (86.2+/6MWT (86.2+/--14.5 m vs. 37.3+/14.5 m vs. 37.3+/--8.7 m, p<0.05) 8.7 m, p<0.05) 
and NYHA both improved significantly in and NYHA both improved significantly in 
testosterone therapy grouptestosterone therapy group
•• Quadricep strength and Insulin sensitivity also Quadricep strength and Insulin sensitivity also 
improvedimproved



Testosterone in HFTestosterone in HF

Relation Between Changes (Relation Between Changes (�� ) in Total Testosterone Levels and in Peak ) in Total Testosterone Levels and in Peak 
VOVO22/MVC in the Testosterone/MVC in the Testosterone--Treated GroupTreated Group



Testosterone in HFTestosterone in HF

Limitations of StudiesLimitations of Studies

•• Small study populationsSmall study populations

•• Limited followLimited follow--up periodsup periods

•• No assessment on mortality and hospitalization rateNo assessment on mortality and hospitalization rate

•• Long term side effects not completely knownLong term side effects not completely known



Sexual Dysfunction in Heart FailureSexual Dysfunction in Heart Failure

Sexual dysfunction etiologiesSexual dysfunction etiologies
•• decreased libidodecreased libido
•• erectile dysfunctionerectile dysfunction
•• depression/psychogenic causesdepression/psychogenic causes

84% of men with HF may have sexual dysfunction84% of men with HF may have sexual dysfunction

Testosterone has been shown to significantly Testosterone has been shown to significantly 
improve erectile dysfunction in hypogonadal men improve erectile dysfunction in hypogonadal men 
and this may prove applicable to those with HF as and this may prove applicable to those with HF as 
wellwell



Testosterone Supplementation 
Side Effects

Testosterone Supplementation 
Side Effects

Rash and discomfort at application siteRash and discomfort at application site

GynecomastiaGynecomastia

HirsutismHirsutism

Hair lossHair loss

No increase in mortality or LVH in physiologically No increase in mortality or LVH in physiologically 
dosed supplementationdosed supplementation



Safety of TestosteroneSafety of Testosterone

Testosterone is contraindicated:Testosterone is contraindicated:

•• Prostate or Breast CancerProstate or Breast Cancer

•• ErythrocytosisErythrocytosis

•• Untreated sleep apneaUntreated sleep apnea

•• Severe decompensated HFSevere decompensated HF



Future StudiesFuture Studies

More information is required to evaluate long term efficacy and More information is required to evaluate long term efficacy and safety of safety of 
testosterone therapy in patients with HF before a generalized retestosterone therapy in patients with HF before a generalized recommendation commendation 
can be madecan be made

Schwarz et al.Schwarz et al.

•• Pilot study of 20 HF patients randomized to    Pilot study of 20 HF patients randomized to    
testosterone gel vs. placebo x 3 monthstestosterone gel vs. placebo x 3 months
•• Measures to include ISWT, BRS, Measures to include ISWT, BRS, 
Cardiopulmonary function, TTE, Sexual function, Cardiopulmonary function, TTE, Sexual function, 
MLHF QuestionnaireMLHF Questionnaire



ConclusionConclusion

•• HF is a chronic multisystem disease process HF is a chronic multisystem disease process 
which is wrought with significant morbidity, which is wrought with significant morbidity, 
mortality and is burdensome on the health care mortality and is burdensome on the health care 
systemsystem

•• Optimal medical management is oftentimes Optimal medical management is oftentimes 
inadequate in fully controlling symptomsinadequate in fully controlling symptoms

•• As the end stage of HF results in a catabolic, As the end stage of HF results in a catabolic, 
propro--inflammatory condition, more attention to the inflammatory condition, more attention to the 
effects of metabolic therapies is neededeffects of metabolic therapies is needed



Conclusion (cont.)Conclusion (cont.)

•• The testosterone deficiency found in chronic HF The testosterone deficiency found in chronic HF 
patients may represent a contributing element to patients may represent a contributing element to 
symptom statussymptom status

••T estosterone Supplementation has been shown    T estosterone Supplementation has been shown    
to improve functional, biochemical and several to improve functional, biochemical and several 
prognostic markers in patients with HFprognostic markers in patients with HF

•• More research is necessary to fully understand   More research is necessary to fully understand   
the potential for Testosterone therapy in HFthe potential for Testosterone therapy in HF
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