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Testosterone Supplementation in Heart Failure
A Meta-Analysis

Mustafa Toma, MD; Finlay A. McAlister, MD; Erin E. Coglianese, MD; Venkatesan Vidi, MD;
Samip Vasaiwala, MD; Jeffrey A. Bakal, PhD; Paul W. Armstrong, MD; Justin A. Ezekowitz, MB, BCh

Background—ILow testosterone is an independent predictor of reduced exercise capacity and poor clinical outcomes in
patients with heart failure (HF). We sought to determine whether testosterone therapy improves exercise capacity in

patients with stable chronic HF.

Methods and Results—We searched Medline, Embase, Web of Science, and Cochrane Central Register of Controlled
Trials (1980-2010). Eligible studies included randomized controlled trials (RCTs) reporting the effects of testosterone
on exercise capacity in patients with HF. Reviewers determined the methodological quality of studies and collected
descriptive, quality, and outcome data. Four trials (n=198; men, 84%; mean age, 67 years) were identified that reported
the 6-minute walk test (2 RCTs), incremental shuttle walk test (2 RCTs), or peak oxygen consumption (2 RCTs) to
assess exercise capacity after up to 52 weeks of treatment. Testosterone therapy was associated with a significant
improvement in exercise capacity compared with placebo. The mean increase in the 6-minute walk test, incremental
shuttle walk test, and peak oxygen consumption between the testosterone and placebo groups was 54.0 m (95% CI,
43.0-65.0 m), 46.7 m (95% CI, 12.6—80.9 m), and 2.70 mL/kg per min (95% CI, 2.68-2.72 mL/kg per min),
respectively. Testosterone therapy was associated with a significant increase in exercise capacity as measured by units
of pooled SDs (net effect, 0.52 SD; 95% CI, 0.10-0.94 SD). No significant adverse cardiovascular events were noted.

Conclusions—Given the unmet clinical needs, testosterone appears to be a promising therapy to improve functional
capacity in patients with HF. Adequately powered RCTs are required to assess the benefits of testosterone in this
high-risk population with regard to quality of life, clinical events, and safety. (Circ Heart Fail. 2012;5:315-321.)
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D espite advances in evidence-based pharmacological
therapies, patients with heart failure (HF) continue to
exhibit significant morbidity and excess mortality at rates of
up to 30% at 1 year."? This high event rate coupled with
ongoing symptoms of fatigue, cardiac cachexia, and a meta-
bolic shift toward catabolism has led to an intense search for
therapies to further improve HF symptoms.
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Age-related decline in testosterone levels in healthy men is
associated with decreased muscle mass, muscle strength, and
lower-extremity strength.3-¢ Testosterone and anabolic hor-
mone deficiency are common and have been shown to be an
independent risk marker for worse outcomes in patients with
HF of both sexes.” Furthermore, reduced testosterone levels
are an independent predictor of decreased peak oxygen
consumption (V0,) in men with HF.8° Jankowska et al?5:10

showed that low testosterone levels and anabolic hormone
depletion are common and are independent risk markers for
decreased exercise capacity and poor prognosis in male
patients with HF. More recently, low testosterone levels were
also shown to be associated with decreased survival in male
patients with coronary artery disease.®

Treatment with supplemental testosterone results in favor-
able acute and chronic physiological and biochemical
changes in patients with cardiovascular disease. Testosterone
supplementation in healthy men with testosterone deficiency
have shown increased lean body mass and muscle mass
without significant improvement in quality of life.!'-4 Tes-
tosterone therapy has also been shown to increase hemoglo-
bin and hematocrit levels and to decrease high-density lipo-
protein level without causing a significant change in fasting
glucose, triglyceride, or low-density lipoprotein levels or
blood pressure in adult men without known cardiovascular
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title

10 full-text articles and
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7 full-text articles excluded
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-review articles
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15 abstracts excluded
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-no absolute A in walking dist. given
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Figure 1. Search strategy.

disease.!> Furthermore, in patients with HF, intravenous
testosterone administration acutely increases cardiac output
and reduces peripheral vascular resistance.'® Transdermal
supplemental testosterone also causes coronary vasodilation
and increased coronary blood flow and improves angina
threshold in patients with coronary artery disease.!”-!8

Modestly sized randomized, placebo-controlled trials have
explored the effects of testosterone therapy on exercise
capacity in patients with HF, using a variety of exercise-based
end points.'°-22 In this meta-analysis, we explore the effect of
testosterone therapy compared with placebo on exercise
capacity and metabolic indices in patients with HF and left
ventricular systolic dysfunction.

Methods
Search Strategy

A broad search of the English-language literature for placebo-
controlled randomized controlled trials in patients with HF was
performed using Medline, Embase, Cochrane Central Register of
Controlled Trials, Web of Science, and trial registry (eg, Clinical-
Trials.org) databases as well as a hand search of study bibliogra-
phies. Terms used in the electronic search are provided in the
online-only Data Supplement. Figure 1 shows a flowchart of article
selection and inclusion.

Study Selection

Two investigators independently reviewed all titles and abstracts of
citations to identify randomized controlled trials evaluating the
impact on exercise capacity of testosterone supplementation in
patients with HF. Principally, this included an end point of a 6
minute-walk test (6MWT) or equivalent or the peak Vo, by
cardiopulmonary exercise test. Trials that included patients with HF
of any age and sex were considered without restrictions on the route,
dose, or frequency of testosterone supplementation.

Data Abstraction

Two independent investigators (M.T. and V.V.) extracted and
tabulated data with standardized data extraction forms. Discrepan-
cies were resolved by consensus and by reference to the original
reports. For each study, study population size, changes in exercise
capacity (6MWT or incremental shuttle walk test [ISWT]) with SDs,
maximal Vo,, and route of testosterone administration were ex-
tracted. Quality assessment of all included studies was done using

the 6 domains of the Cochrane risk of bias tool. Studies were
classified as having low, high, or unclear risk of bias.

Outcome Measures

The primary outcome measure was the weighted mean difference for
the pooled estimates for exercise capacity (6MWT, ISWT, Vo0,)
before and after intervention between the testosterone and the
placebo groups. Secondary outcomes were the weighted mean
differences in pooled estimates for insulin resistance as measured by
the homeostatic model assessment (HOMA-IR),?* fasting glucose,
serum insulin, serum free and total testosterone levels pretreatment
and posttreatment, and cardiovascular events.

Statistical Analysis

Because both the 6MWT and the ISWT were used for assessments of
exercise capacity in the studies to express the primary outcome, we
calculated the standardized difference between the mean differences
of the placebo- and testosterone-treated groups in terms of baseline
SD change using Cohen D. To assess for consistency, peak Vo, was
also normalized using Cohen D. Because no significant heterogene-
ity was detected across studies using I, we did not analyze the data
using a meta-regression model. The inverse variance method was
used as a weighting factor to combine the study results. In studies
that used the same type of exercise or metabolic measures, we
determined the pooled mean differences of pretreatment and post-
treatment measurements between testosterone and placebo. All P
values were 2 sided, and P<<0.05 was regarded as significant. All
primary analyses were done using the rmeta package on R version
2.12.24

Results

Literature Search and Evaluation

From a total of 1011 records identified, 4 published articles
were included in the final quantitative synthesis (Figure 1).
All 4 trials were randomized and double blind. The random-
ization method was not clear in 1 trial,2! whereas allocation
concealment was adequate in only 2 of the 4 trials.’*>> All 4
trials received funding from government agencies. A full list
of search strategies, search results, and quality assessments
for each included study are available in online-only Data
Supplement Table I.

Studies Included in the Systematic Review
Table 1 summarizes the characteristics of the 4 trials. Ad-
ministration of testosterone differed among studies, with 2
using intramuscular injections (1 g testosterone undecanoate
[Nebido!® and Sustanon 1002']) and the other 2 using a
transdermal patch (5 mg Androderm?° and 300 wg Intrinsa??).
The primary outcome of change in exercise capacity was
measured using the 6MWT and peak Vo, in 2 trials!®22 and
the ISWT in the other 2.2°2! None of the trials used baseline
testosterone level as an inclusion or exclusion criterion.
Overall, there were a total of 198 subjects (166 [84%] men;
mean age, 60.5 years; 95% CI, 60.0-76.8 years; ischemic
etiology of HF, 71%). The mean left ventricular ejection
fraction was 28%, whereas 47%, 51%, and 2% had New York
Heart Association functional class II, III, and IV symptoms,
respectively. The mean baseline metabolic indices were as
follows: total testosterone, 1.68 ng/mL (95% CI, 0.00-3.95
ng/mL); free testosterone, 4.76 pg/mL (95% CI, 0.00-14.90
pg/mL); creatinine level, 1.33 mg/dL (95% CI, 1.17-1.48
mg/dL); fasting glucose, 112 mg/dL (95% CI, 66.8—156.0
mg/dL); and prostate-specific antigen, 1.43 ng/mL (95% CI,
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Table 1. Summary of Trial Characteristics (Evidence Table)
HF
Author, Year N  Status Sex (%) Major Inclusion Criteria Major Exclusion Criteria Testosterone Trial Duration  LVEF, %*
Pugh et al, 20  Stable Male (100) HF for at least 6 mo, at ~ Malignancy or debilitating Sustanon 100 mg IM 12 wk 35+8
200421 HF least moderate LV disease, high PSA every 2 wk for 12 wk
dysfunction by
echocardiography,
reduced exercise
tolerance
Malkin et al, 76  Stable Male (100) Stable CHF =6 mo, High PSA, use of sex Androderm 5 mg every 12 mo 32.5x11
200620 HF impaired exercise hormone therapy 24 h
tolerance, at least
moderate LV dysfunction
by echocardiography
Caminiti et al, 70  Stable Male (100) LVEF <40%, NYHA UA, recent MI Long-acting testosterone 12 wk 31.8+7
200910 HF functional class Il or IIl, undecanoate (Nebido) IM
no hospital admission in at 0, 6, 12 wk
previous 3 mo
lellamo et al, 32 Stable  Female (100) LVEF <40%, NYHA UA, recent MI, Transdermal 6 mo 28+1
201022 HF functional class Ill, no malignancy, HRT testosterone

hospitalization in
previous 3 mo

HF indicates heart failure; LVEF, left ventricular ejection fraction; LV, left ventricular; PSA, prostate-specific antigen; CHF, congestive heart failure; NYHA, New York
Heart Association; UA, unstable angina; MI, myocardial infarction; HRT, hormone replacement therapy.
*Data are presented as mean=SD.

0-2.89 ng/mL) (Table 2). Medical therapy use was 90% for
angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers, 68% for B-blockers, 48% for aldosterone

antagonists, and 65% for diuretics.

Effect of Testosterone Supplementation on
Exercise Capacity
The studies measuring the 6MWT, ISWT, and peak Vo,
showed a net pooled mean increase of 54.0 m (95% ClI,

Table 2. Baseline Characteristics of Patients by Individual Trial
Ischemic  Mean Fasting  Fasting
Mean Male, Etiology, LVEF, NYHA Total T, Free T, Creatinine, Insulin, Glucose, TC, HDL, TG, PSA,

Author, Year n Age,y % % %  Class-n  ng/mL pg/mL mg/dL pg/mL mg/dL mg/dL  mg/dL mg/dL  ng/mL

Pugh et al,

200421

Treated 10 62 100 NR 35 NR NR NR NR NR NR NR NR NR NR

Placebo 10 62 100 NR 35 NR NR NR NR NR NR NR NR NR NR

Malkin et al,

200620

Treated 37 631 100 51 338 21, 4.0 4.7 nmol/L* 1.3 NR 106.2 NR NR NR 1.7
I, v

Placebo 39 649 100 56 331 1I-24, 35 4.6 nmol/L* 1.2 NR 113.4 NR NR NR 1.5
I, v

Caminiti et al,

2009

Treated 3B 7 100 74 315 1118, 2.3 11.3 14 10.4 1148 1425 363 1312 14
-17

Placebo 35 69 100 80 33.8 11-20, 2.1 121 1.4 11.0 111.0 1473 370 138.6 1.3
ll-15

lellamo et al,

201022

Treated 20 682 0 100 323 1I-20 0.4 0.95 1.3 12.6 109.3 1385 313 1282 NA

Placebo 12 69.1 0 100 31.8 12 04 0.93 1.3 11.8 1141 1405 370 129.1 NA

LVEF indicates left ventricular ejection fraction; NYHA, New York Hear Association; T, testosterone; TC, total cholesterol; HDL, high-density lipoprotein; TG,
triglycerides; PSA, prostate-specific antigen; NR, not reported; NA, not available.
*This value reflects bioavailable testosterone.
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Table 3. Raw Outcomes for Change in Exercise Capacity by Individual Trial
Exercise Capacity Exercise Capacity Change in Change in

Measure of Testosterone Group Placebo Group Exercise Capacity Exercise Capacity  Difference
Author, No. No. Exercise in Testosterone in Placebo of Mean
Year Treated Placebo Capacity Before, m* After, m* Before, m* After, m* Group, m* Group, m* Change, mt  Cohen Dt
Pugh et al, 10 10 ISWT 328+174 419200 314+92 340101 91+19.7 26+15.2 65+7.87 0.42+0.26
200421
Malkin et al, 29 34 ISWT 280+162.9 NR 298+158.9 NR 20+8 -10=*7 30+£1.91  0.19*0.25
200620
Caminiti et al, 31 33 6MWT 386.6121 472.8+138.4 390.9+107.4 428.2+112 86.2+14.5 37.3+£8.7 48.9+3.01 0.47+0.45
200919
lellamo et al, 20 12 6MWT 260.6:52 357.2+43 254.9+39 291.3+22 96.6+14.5 36.4+11.9 60.2+4.72 1.26+0.40
201022

ISWT indicates incremental shuttle walk test; NR, not reported; 6MWT, 6-minute walk test.

*Data are presented as mean=SD.
tData are presented as mean+SE.

43.0-65.0 m; 16.7% increase), 46.7 m (95% CI, 12.6—80.9
m; 15.9% increase), and 2.70 mL/kg per min (95% CI,
2.68-2.72 mL/kg per min; 22.7% increase), respectively, for
testosterone supplementation compared with placebo (Table
3). The 6BMWT and ISWT demonstrated a pooled improve-
ment of 0.52 SD (95% CI, 0.10-0.94 SD) (Figure 2). In a
sensitivity analysis excluding the 1 study enrolling only
female patients, the effect size in the change in exercise
capacity was 0.33 SD (95% CI, 0.003-0.656 SD). The peak
Vo, showed an increase of 1.23 SD (95% CI, 0.14-2.32 SD)
in the 2 studies that examined this outcome. The increase in
distance walked and peak Vo, in the treatment groups was
correlated with the increase in free or bioavailable
testosterone.!9-20-22

Effect of Testosterone Supplementation on Left
Ventricular Ejection Fraction, Symptoms,
Pharmacokinetics, and Metabolic Indices

Left ventricular ejection fraction did not change significantly
in any of the studies. In 2 studies?>?> New York Heart

Caminiti 2009 [ ]
Malkin 2006 B
[0]
g Pugh2004 =
8
& lellamo 2010 ]
>
©
E
(2]
Summary ‘

Placebo Better Testosterone Better
f T T T T T

-0.5 0.0 0.5 1.0 1.5 20

Effect

Figure 2. Forest plot of exercise capacity in all studies, normal-
ized using SD. This forest plot shows that testosterone therapy
resulted in a net pooled improvement in exercise capacity of
0.52 SD (95% ClI, 0.10-0.94 SD).

Association functional class improved by =1 grade in 35%
(20/57) of patients in the testosterone group versus 9.8%
(5/51) in the placebo group (odds ratio, 4.9; 95% ClI,
1.6-16.8; P=0.003). Brain natriuretic peptide levels did not
change significantly in either of the 2 trials that reported this
measure?-2! (testosterone, —9.3 versus +4.5 pg/mL; P=0.063;
placebo, +43.3 versus +71.7 pg/mL; P=0.65).

Two trials'®-22 reported baseline and end-of-treatment mea-
surements for fasting insulin, HOMA-IR, and free testoster-
one, whereas 3 trials!*2022 measured fasting glucose and total
testosterone. The pooled net changes after 12 to 52 weeks of
testosterone therapy were —0.62 mg/dL (95% CI, —0.85 to
—0.38 mg/dL) for fasting glucose, —2.56 pU/mL (95% CI,
—3.05 to —2.08 pU/mL) for insulin, —0.82 U (95% CI, —0.98
to —0.66 U) for HOMA-IR, +8.1 pg/mL (95% CI, —1.5 to
+17.7 U) for free testosterone, and +1.65 ng/mL (95% CI,
+0.03 to +3.26 ng/mL) for total testosterone. Malkin et al2°
also reported a net increase in bioavailable testosterone of
2.0£0.8 nmol/L.

Safety

None of the trials showed a significant change in prostate-
specific antigen (0.10 ng/mL; 95% CI, 0.04—0.16 ng/mL).
Two trials showed a greater increase hematocrit level in the
testosterone group than in the placebo group.2>22 In the
studies using topical testosterone, withdrawal of therapy
because of skin reactions occurred in 19.3% (11/57) in the
testosterone group and 17.6% (9/51) in the placebo group
(odds ratio, 1.12; 95% CI, 0.38-3.2; P=0.8). In total, 46.3%
of patients developed skin reactions.

There were 13 clinical events that occurred overall. Only 1
death was reported in 84 patient-years of follow-up; this was
a sudden cardiac death in the placebo group. Cardiovascular
events (death, myocardial infarction, HF hospitalization)
were evenly distributed between the testosterone and the
placebo groups (7% versus 6%, respectively; odds ratio, 1.11;
95% CI, 0.36-3.41; P=1.00).

Discussion
This meta-analysis reveals that testosterone supplementation
in patients with HF with left ventricular systolic dysfunction
is associated with an improvement in exercise capacity by
~54 m using the 6MWT. This degree of improvement does
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meet the definition of the minimal clinically important
difference for the 6BMWT (54 m in a cohort of patients with
chronic lung disease?’) and is greater than that seen with other
therapies currently used for morbidity and mortality reduction
in patients with HF, such as angiotensin-converting enzyme
inhibitors, B-blockers, and cardiac resynchronization ther-
apy.2627 Similarly, the increase in peak Vo, gained by
testosterone treatment (2.7 mL/kg per min) is greater than the
increase of 0.7 to 1.1 mL/kg per min observed in early cardiac
resynchronization therapy trials.?72¢ Despite their modest
sample size and differing routes of testosterone administra-
tion, all of these trials reported significant improvements in
exercise capacity after 12 to 52 weeks of testosterone ther-
apy.'°-22 Further, there is an improvement in New York Heart
Association functional class, as 35% of the testosterone group
had an improvement of at least 1 class compared with ~10%
in the placebo group. This absolute difference in improve-
ment is similar to that gained by cardiac resynchronization
therapy compared with placebo (58% versus 37%,
respectively).?’

The improvement in exercise capacity in these trials
occurred in the absence of improved myocardial structure or
function as measured by echocardiography because none of
the trials in this meta-analysis showed improvement in left
ventricular ejection fraction. The mechanism for improve-
ment in exercise capacity is complex and likely due to
peripheral mechanisms.?® Testosterone has been shown to act
as a peripheral vasodilator and acutely increases cardiac
output.'® The improved oxygen delivery to skeletal muscles
would secondarily delay transfer to anaerobic metabolism
and depletion of high-energy phosphates.?® The increase in
muscle mass associated with testosterone therapy in healthy
men may similarly result in increased endurance and de-
creased muscle fatigability in patients with HF. Other poten-
tial contributors to the functional improvement associated
with testosterone therapy may include antiinflammatory and
immunosuppressive effects; a rise in hemoglobin level!>; and
improved baroreceptor sensitivity,?2 which has the potential
to improve muscle sympathetic nerve activity with concom-
itant increased muscle arteriole vasodilation and function.'®

Further, fasting glucose, fasting insulin, and insulin resis-
tance were all significantly improved after testosterone sup-
plementation in this meta-analysis. Insulin resistance is com-
mon in patients with HF, occurring in up to 40% of patients.>!
This metabolic disturbance may be related to low testosterone
and can result in decreased glucose use by skeletal muscle,
leading to muscle fatigue and wasting.3>33 Malkin et al3*
showed in a crossover study that insulin resistance as mea-
sured by HOMA-IR improves, whereas lean body mass
increases after testosterone therapy in men.

Testosterone supplementation has also proven to be bene-
ficial in other chronic disease states, such as cancer,
chronic renal disease, pulmonary disease, and HIV, with
benefits noted in improved voluntary muscle strength, lean
muscle mass, and reduced fat mass.35-3% None of these
publications (44 studies, 1459 patients), however, showed
a reduction (or increase) in clinical end points, such as
mortality or readmission.
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Supratherapeutic doses of anabolic steroids, which differ in
chemical structure and properties from testosterone, are
associated with reduced cardiac function and adverse out-
comes.?® Despite the potential benefit of testosterone therapy,
it also causes water and salt retention, and concern has arisen
recently based on the TOM (Testosterone in Older Men with
Mobility Limitations) trial, which was halted early because of
a significantly higher risk of cardiovascular events in the
testosterone-treated group.*® However, patients with symp-
tomatic HF were excluded from the TOM trial, and there
were only 28 cardiovascular events in the trial. Further, this
trial used higher doses of testosterone and further allowed for
uptitration based on serum testosterone levels, and it is
uncertain whether this contributed to the small excess of
cardiovascular events. In addition, prior meta-analyses of 6
randomized controlled trials enrolling patients without known
cardiovascular disease did not detect significant changes in
the rates of death, myocardial infarction, revascularization
procedures, or cardiac arrhythmias in those exposed to
testosterone compared with placebo, although there were only
21 events in 308 patients.!>4!

The present meta-analysis showed that there were no safety
concerns reported in any of the trials, although data were
limited given the small sample sizes and short durations of
follow-up. Despite the concern with regard to the long-term
risk of prostate cancer, currently available data do not support
a link between testosterone replacement therapy and prostate
cancer.*>-47 Although there were no significant changes in
level of prostate-specific antigen in any individual trial, the
pooled estimates indicate a small, albeit significant increase
in prostate-specific antigen levels. Most of the trials using
testosterone in HF were of short duration and follow-up, and
long-term surveillance in larger numbers of patients will be
required to evaluate its potential therapeutic role and risk
profile.

The present study had several limitations. The trials in-
cluded in this study followed patients for variable lengths of
time (12-52 weeks); however, we were able to combine their
results in this meta-analysis. The 2 trials following patients
for >12 weeks showed that the beneficial effects of testos-
terone occur early and are sustained for up to 12 months.!2!
Additionally, the 4 studies included used 2 different routes of
administration for testosterone (intramuscular and transder-
mal). However, the standardized improvement in terms of
baseline SD was consistent across the 4 studies, regardless
of route of administration. Finally, although the majority of
patients enrolled in testosterone trials are men, we believe
that these results are likely generalizable to female patients
based on the currently proposed mechanisms of action and
the consistent results seen in the 1 study that included 32
female patients with HF.?2

Conclusions

In patients with moderate to severe HF, testosterone supple-
mentation improves exercise capacity and metabolic indices.
Testosterone is a promising therapy to improve exercise
capacity in patients with HF. Adequately powered RCTs are
now required to assess the benefits of testosterone in this
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high-risk population with regard to quality of life, clinical
events, and safety.

Sources of Funding

Dr McAlister is funded as a Senior Health Scholar of Alberta
Innovates-Health Solutions. Dr Ezekowitz is funded as a New
Investigator by the Canadian Institutes of Health Research and
Alberta Innovates-Health Solutions.

Disclosures
None.
References
1. Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, Killian J,

Yawn BP, Jacobsen SJ. Trends in heart failure incidence and survival in
a community-based population. JAMA. 2004;292:344-350.

. Ezekowitz JA. A new pathway? Failure, fragility and fractures. Eur

Heart J. 2010;31:9-11.

. Schaap LA, Pluijm SM, Smit JH, van Schoor NM, Visser M, Gooren LJ,

Lips P. The association of sex hormone levels with poor mobility, low
muscle strength and incidence of falls among older men and women. Clin
Endocrinol. 2005;63:152—-160.

. Krasnoff JB, Basaria S, Pencina MJ, Jasuja GK, Vasan RS, Ulloor J,

Zhang A, Coviello A, Kelly-Hayes M, D’ Agostino RB, Wolf PA, Bhasin
S, Murabito JM. Free testosterone levels are associated with mobility
limitation and physical performance in community-dwelling men: the
Framingham Offspring Study. J Clin Endocrinol Metab. 2010;95:
2790-2799.

. Roy TA, Blackman MR, Harman SM, Tobin JD, Schrager M, Metter

EJ. Interrelationships of serum testosterone and free testosterone index
with FFM and strength in aging men. Am J Physiol Endocrinol Metab.
2002;283:E284-E294.

. Orwoll E, Lambert LC, Marshall LM, Blank J, Barrett-Connor E, Cauley

J, Ensrud K, Cummings SR. Endogenous testosterone levels, physical
performance, and fall risk in older men. Arch Intern Med. 2006;166:
2124-2131.

. Jankowska EA, Biel B, Majda J, Szklarska A, Lopuszanska M, Medras

M, Anker SD, Banasiak W, Poole-Wilson PA, Ponikowski P. Anabolic
deficiency in men with chronic heart failure: prevalence and detrimental
impact on survival. Circulation. 2006;114:1829-1837.

. Jankowska EA, Filippatos G, Ponikowska B, Borodulin-Nadzieja L,

Anker SD, Banasiak W, Poole-Wilson PA, Ponikowski P. Reduction in
circulating testosterone relates to exercise capacity in men with chronic
heart failure. J Card Fail. 2009;15:442—450.

. Malkin CJ, Pugh PJ, Morris PD, Asif S, Jones TH, Channer KS. Low

serum testosterone and increased mortality in men with coronary heart
disease. Heart. 2010;96:1821-1825.

. Jankowska EA, Biel B, Ponikowska B, Borodulin-Nadzieja L, Petruk-

Kowalczyk J, Banasiak W, Poole-Wilson PA, Ponikowski P. Reduction
in serum testosterone deteriorates exercise capacity in men in the course
of chronic heart failure. Eur J Heart Fail. 2007;6:148-148.

. Snyder PJ, Peachey H, Hannoush P, Berlin JA, Loh L, Lenrow DA,

Holmes JH, Dlewati A, Santanna J, Rosen CJ, Strom BL. Effect of
testosterone treatment on body composition and muscle strength in men
over 65 years of age. J Clin Endocrinol Metab. 1999;84:2647-2653.

. Bhasin S, Woodhouse L, Casaburi R, Singh AB, Mac RP, Lee M,

Yarasheski KE, Sinha-Hikim I, Dzekov C, Dzekov J, Magliano L, Storer
TW. Older men are as responsive as young men to the anabolic effects of
graded doses of testosterone on the skeletal muscle. J Clin Endocrinol
Metab. 2005;90:678-688.

. Bhasin S, Storer TW, Berman N, Callegari C, Clevenger B, Phillips J,

Bunnell TJ, Tricker R, Shirazi A, Casaburi R. The effects of supraphysi-
ologic doses of testosterone on muscle size and strength in normal men.
New Engl J Med. 1996;335:1-7.

. Emmelot-Vonk MH, Verhaar HJ, Nakhai Pour HR, Aleman A, Lock TM,

Bosch JL, Grobbee DE, van der Schouw YT. Effect of testosterone
supplementation on functional mobility, cognition, and other parameters
in older men: a randomized controlled trial. JAMA. 2008;299:39-52.

. Fernandez-Balsells MM, Murad MH, Lane M, Lampropulos JF, Albu-

querque F, Mullan RJ, Agrwal N, Elamin MB, Gallegos-Orozco JF,
Wang AT, Erwin PJ, Bhasin S, Montori VM. Clinical review 1: adverse
effects of testosterone therapy in adult men: a systematic review and
meta-analysis. J Clin Endocrinol Metab. 2010;95:2560-2575.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Pugh PJ, Jones TH, Channer KS. Acute haemodynamic effects of testos-
terone administration in men with heart failure. Eur Heart J. 2002;23:
28-28.

Webb CM, McNeill JG, Hayward CS, de Zeigler D, Collins P. Effects of
testosterone on coronary vasomotor regulation in men with coronary heart
disease. Circulation. 1999;100:1690—-1696.

English KM, Steeds RP, Jones TH, Diver MJ, Channer KS. Low-dose
transdermal testosterone therapy improves angina threshold in men with
chronic stable angina: a randomized, double-blind, placebo-controlled
study. Circulation. 2000;102:1906-1911.

Caminiti G, Volterrani M, Iellamo F, Marazzi G, Massaro R, Miceli M,
Mammi C, Piepoli M, Fini M, Rosano GM. Effect of long-acting testos-
terone treatment on functional exercise capacity, skeletal muscle per-
formance, insulin resistance, and baroreflex sensitivity in elderly patients
with chronic heart failure a double-blind, placebo-controlled, randomized
study. J Am Coll Cardiol. 2009;54:919-927.

Malkin CJ, Pugh PJ, West JN, van Beek EJ, Jones TH, Channer KS.
Testosterone therapy in men with moderate severity heart failure: a
double-blind randomized placebo controlled trial. Eur Heart J. 2006;27:
57-64.

Pugh PJ, Jones RD, West IN, Jones TH, Channer KS. Testosterone
treatment for men with chronic heart failure. Heart. 2004;90:446—447.
Tellamo F, Volterrani M, Caminiti G, Karam R, Massaro R, Fini M,
Collins P, Rosano GM. Testosterone therapy in women with chronic heart
failure: a pilot double-blind, randomized, placebo-controlled study. J Am
Coll Cardiol. 2010;56:1310-1316.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner
RC. Homeostasis model assessment: insulin resistance and beta-cell
function from fasting plasma glucose and insulin concentrations in man.
Diabetologia. 1985;28:412—-419.

Meta-analysis. R package version 2.16. rmeta Meta-analysis Web site.
http://cran.R-project.Org/package=rmeta. Accessed July 13, 2011.
Redelmeier DA, Bayoumi AM, Goldstein RS, Guyatt GH. Interpreting
small differences in functional status: the six minute walk test in chronic
lung disease patients. Am J Respir Crit Care Med. 1997;155:1278-1282.
Olsson LG, Swedberg K, Clark AL, Witte KK, Cleland JG. Six minute
corridor walk test as an outcome measure for the assessment of treatment
in randomized, blinded intervention trials of chronic heart failure: a
systematic review. Eur Heart J. 2005;26:778-793.

McAlister FA, Ezekowitz J, Hooton N, Vandermeer B, Spooner C,
Dryden DM, Page RL, Hlatky MA, Rowe BH. Cardiac resynchronization
therapy for patients with left ventricular systolic dysfunction: a systematic
review. JAMA. 2007;297:2502-2514.

Young JB, Abraham WT, Smith AL, Leon AR, Lieberman R, Wilkoff B,
Canby RC, Schroeder JS, Liem LB, Hall S, Wheelan K. Combined
cardiac resynchronization and implantable cardioversion defibrillation in
advanced chronic heart failure: the MIRACLE ICD trial. JAMA. 2003;
289:2685-2694.

Armstrong PW, Ezekowitz JA. Testosterone therapy in women with heart
failure “why can’t a woman be more like a man?” J Am Coll Cardiol.
2010;56:1317-1319.

Coats AJ. Heart failure: what causes the symptoms of heart failure?
Heart. 2001;86:574-578.

Suskin N, McKelvie RS, Burns RJ, Latini R, Pericak D, Probstfield J,
Rouleau JL, Sigouin C, Solymoss CB, Tsuyuki R, White M, Yusuf S.
Glucose and insulin abnormalities relate to functional capacity in patients
with congestive heart failure. Eur Heart J. 2000;21:1368-1375.
Doehner W, Gathercole D, Cicoira M, Krack A, Coats AJ, Camici PG,
Anker SD. Reduced glucose transporter GLUT4 in skeletal muscle
predicts insulin resistance in non-diabetic chronic heart failure patients
independently of body composition. Int J Cardiol. 2010;138:19-24.
Malkin CJ, Jones TH, Channer KS. Testosterone in chronic heart failure.
Front Horm Res. 2009;37:183-196.

Malkin CJ, Jones TH, Channer KS. The effect of testosterone on insulin
sensitivity in men with heart failure. Eur J Heart Fail. 2007;9:44-50.
Isidori AM, Giannetta E, Greco EA, Gianfrilli D, Bonifacio V, Isidori A,
Lenzi A, Fabbri A. Effects of testosterone on body composition, bone
metabolism and serum lipid profile in middle-aged men: a meta-analysis.
Clin Endocrinol (Oxf). 2005;63:280-293.

Johns K, Beddall MJ, Corrin RC. Anabolic steroids for the treatment of
weight loss in HIV-infected individuals. Cochrane Database Syst Rev.
2005:CD005483.

Casaburi R, Bhasin S, Cosentino L, Porszasz J, Somfay A, Lewis MI,
Fournier M, Storer TW. Effects of testosterone and resistance training in


http://cran.R-project.Org/package=rmeta

1202 ‘62 |1dy uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

38.

39.

40.

41.

Toma et al

men with chronic obstructive pulmonary disease. Am J Respir Crit Care
Med. 2004;170:870-878.

Johansen KL, Mulligan K, Schambelan M. Anabolic effects of nan-
drolone decanoate in patients receiving dialysis: a randomized controlled
trial. JAMA. 1999;281:1275-1281.

Sullivan ML, Martinez CM, Gennis P, Gallagher EJ. The cardiac toxicity
of anabolic steroids. Prog Cardiovasc Dis. 1998;41:1-15.

Basaria S, Coviello AD, Travison TG, Storer TW, Farwell WR, Jette AM,
Eder R, Tennstedt S, Ulloor J, Zhang A, Choong K, Lakshman KM,
Mazer NA, Miciek R, Krasnoff J, Elmi A, Knapp PE, Brooks B,
Appleman E, Aggarwal S, Bhasin G, Hede-Brierley L, Bhatia A, Collins
L, LeBrasseur N, Fiore LD, Bhasin S. Adverse events associated with
testosterone administration. N Engl J Med. 2010;363:109-122.

Haddad RM, Kennedy CC, Caples SM, Tracz MJ, Bolona ER, Sideras K,
Uraga MV, Erwin PJ, Montori VM. Testosterone and cardiovascular risk
in men: a systematic review and meta-analysis of randomized placebo-
controlled trials. Mayo Clin Proc. 2007;82:29-39.

Testosterone in Heart Failure: A Meta-Analysis

42.

43.

44.

45.

46.

47.

321

Roddam AW, Allen NE, Appleby P, Key TJ. Endogenous sex hormones
and prostate cancer: a collaborative analysis of 18 prospective studies.
J Natl Cancer Inst. 2008;100:170-183.

Rhoden EL, Morgentaler A. Influence of demographic factors and bio-
chemical characteristics on the prostate-specific antigen (PSA) response
to testosterone replacement therapy. Int J Impot Res. 2006;18:201-205.
Morgentaler A. Rapidly shifting concepts regarding androgens and
prostate cancer. ScientificWorldJournal. 2009;9:685—690.

Morgentaler A. Two years of testosterone therapy associated with decline
in prostate-specific antigen in a man with untreated prostate cancer. J Sex
Med. 2009;6:574-577.

Morgentaler A, Schulman C. Testosterone and prostate safety. Front
Horm Res. 2009;37:197-203.

Morgentaler A, Traish AM. Shifting the paradigm of testosterone and
prostate cancer: the saturation model and the limits of androgen-
dependent growth. Eur Urol. 2009;55:310-320.

CLINICAL PERSPECTIVE

Despite advances in evidence-based pharmacological therapies, patients with heart failure (HF) continue to exhibit
significant morbidity and excess mortality at rates of up to 30% at 1 year. This high event rate, coupled with ongoing
symptoms of fatigue, cardiac cachexia, and a metabolic shift toward catabolism, has led to an intense search for therapies
to further improve HF symptoms. Low testosterone has been shown to be an independent predictor of reduced exercise
capacity and poor clinical outcomes in patients with HF. Modestly sized randomized, placebo-controlled trials have
explored the effects of testosterone therapy on exercise capacity in patients with HF, using a variety of exercise-based end
points. In this meta-analysis of 4 published clinical trials involving 198 patients, testosterone therapy was associated with
a significant improvement in exercise capacity compared with placebo. This improvement occurred without any
improvement in myocardial structure or function. The mechanism for improvement in exercise capacity is complex and
likely due to peripheral mechanisms. We also demonstrate the consistency of the effect of testosterone on the intermediate
outcome of peak oxygen consumption, with a similar magnitude of effect to that of early development stages of
angiotensin-converting enzyme inhibitors and cardiac resynchronization therapy. Although testosterone treatment has been
linked to an increase in the number of cardiovascular events in asymptomatic patients without HF, there was no increase
in clinical events across all 4 trials. Given the unmet clinical needs, the apparently favorable effects noted herein, and the
limited number of patients reported to date in the literature, adequately powered randomized trials are needed to assess the
benefits of testosterone on quality of life, clinical events, and safety in this high-risk population.




