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Aims Chronic heart failure is associated with maladaptive and prolonged neurohormonal and pro-
inflammatory cytokine activation causing a metabolic shift favouring catabolism, vasodilator incapacity,
and loss of skeletal muscle bulk and function. In men, androgens are important determinants of anabolic
function and physical strength and also possess anti-inflammatory and vasodilatory properties.
Methods and results We conducted a randomized, double-blind, placebo-controlled parallel trial of
testosterone replacement therapy (5 mg Androdermw) at physiological doses in 76 men (mean+ SD,
age 64+ 9.9) with heart failure (ejection fraction 32.5+ 11%) over a maximum follow-up period of
12 months. The primary endpoint was functional capacity as assessed by the incremental shuttle
walk test (ISWT). At baseline, 18 (24%) had serum testosterone below the normal range and bioavailable
testosterone correlated with distance walked on the initial ISWT (r ¼ 0.3, P ¼ 0.01). Exercise capacity
significantly improved with testosterone therapy compared with placebo over the full study period
(mean change þ25+ 15 m) corresponding to a 15+ 11% improvement from baseline (P ¼ 0.006
ANOVA). Symptoms improved by at least one functional class on testosterone in 13 (35%) vs. 3 (8%)
on placebo (P ¼ 0.01). No significant changes were found in handgrip strength, skeletal muscle bulk
by cross-sectional computed tomography, or in tumour necrosis factor levels. Testosterone therapy
was safe with no excess of adverse events although the patch preparation was not well tolerated by
the study patients.
Conclusion Testosterone replacement therapy improves functional capacity and symptoms in men with
moderately severe heart failure.
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Introduction

Chronic heart failure (CHF) is a major health problem
throughout the world. In the UK, the prevalence of heart
failure is around 1% and the financial impact of delivering
medical support to this population consumes �2% of the
total health care budget.1 CHF has a very poor prognosis
and registry data have suggested that the 1-year mortality
after hospital discharge for heart failure is still as high as
30%.2 In addition, the symptoms associated with heart
failure have a significant impact on the quality of life,
with unplanned hospital admissions, reduced functional
capacity, and low mood increasingly common and severe
with disease progression. There is evidence that in the
past decade the prognosis of heart failure has improved,
an effect that at least in part is due to the development

and widespread use of medical therapies.3 The only effec-
tive medical treatments that improve the symptoms and
prognosis of CHF act by inhibition of maladaptive neuro-
endocrine responses, but currently these are limited to
inhibition of the renin–angiotensin–aldosterone system and
sympathetic blockade. Other metabolic derangements in
CHF include chronic anaemia and enhanced immune
activation and these pathophysiological changes have been
the targets for therapeutic intervention with variable
success.4–6 The excess of catabolic hormones and a relative
deficiency of anabolic hormones have been well documen-
ted,7,8 but until recently restoration of this hormone
balance has been relatively ignored as a potential therapy.
Previous studies have shown testosterone deficiency in

men with CHF,9 and levels of the weaker adrenal androgen
dehydroepiandrosterone and its sulfate are consistently
reported to be low in proportion to heart failure severity.7,10

This deficiency may be responsible for some of the features
of advanced heart failure such as reduced mass of skeletal
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muscle, abnormal energy handling, cachexia, depression,
and fatigue.
Testosterone is a hormone that may have therapeutic

benefit in CHF for a number of reasons. It has vasodilatory
properties and acute administration lowers peripheral
vascular resistance, reduces cardiac afterload, and
increases cardiac index.11 Testosterone modulates the
immune response and replacement therapy reduces the
pro-inflammatory cytokines TNFa and interleukin 1b while
increasing the anti-inflammatory cytokine interleukin 10,12

which could counteract the cytokine imbalance in CHF.
Both CHF and androgen deficiency are characterized by
low mood and depression,13,14 and testosterone replace-
ment therapy improves mood and depressive symptoms in
testosterone deficient subjects,15 and is likely to be
beneficial given the morbidity of CHF.
There have been few long-term studies on the effect

of androgens in CHF. A single animal study reported
prolonged survival following treatment with nandrolone
decanoate in hamsters with inherited cardiomyopathy.16 In
an unblinded descriptive study on 12 patients with CHF,
oxymethalone reduced left ventricular mass and brain
natriuretic peptide.17 In a short-term randomized, placebo
controlled trial in men with CHF, Sustanonw (intramuscular
depot testosterone) treatment was associated with a
significant increase in effort tolerance and improved
symptoms.18

Although testosterone treatment in very high supra-
physiological doses causes myocardial hypertrophy and
stiffening,19,20 we hypothesized that low dose physiological
replacement therapy may help redress the anabolic/
catabolic imbalance of established CHF and improve
functional capacity and symptoms.

Methods

Subjects

The local research ethics committee approved the study protocol and
all patients provided written informed consent. Ambulant male
patients with stable CHF of at least 6 months duration were recruited
if they were over 18 years of age and had impaired exercise
tolerance, limited by fatigue or dyspnoea deemed to be of cardiac
origin. All patients had at least moderate left ventricular systolic
dysfunction on 2D trans-thoracic echocardiography. Exclusion
criteria were use of sex hormone manipulating therapy, prostate
specific antigen (PSA) level above the age adjusted normal
range, and exercise limitation due to a non-cardiac cause or
malignancy.

Study design and treatment

The study was a randomized, double-blind, placebo-controlled
parallel trial of physiological testosterone replacement therapy
vs. placebo with blinded treatment for a 12-month trial period.
Drug was supplied as an adhesive skin patch preparation
(Androdermw, Watson Laboratories, Salt Lake City, USA) or identical
placebo patches. Subjects applied a single 5 mg patch at night,
replaced every 24 h. Patients were instructed to site the patch on
the trunk or upper limbs avoiding joints and bony prominences
and to rotate the sites allowing at least a 7-day rest period before
using a site for a further 24 h. This 5 mg dose of testosterone has
been shown to raise levels of serum testosterone to the normal
range in 93% of androgen deficient men and to preserve the
normal diurnal variation of hormone levels.21

Randomization

Patients were screened and randomized between November 2001
and February 2003, and the final patient completed the study in
February 2004. Patients were randomized after recording baseline
data and were reviewed at 3, 6, and 12 months. The randomization
incorporated a single stratification of heart failure due to ischaemic
aetiology or non-ischaemic aetiology, as testosterone has been
shown to improve mood and ischaemic threshold in patients with
angina pectoris.22

Data collected

At baseline, subjects completed a medical questionnaire, detailing
medical history and concomitant medications. Resting pulse, blood
pressure, height, and weight were recorded, and body mass index
(BMI) calculated [weight (kg)/height2 (m2)].

Exercise capacity was assessed using the incremental shuttle walk
test (ISWT). Two tests were performed prior to starting treatment,
one at the screening visit and the second before randomization. This
second test result was used as the baseline in subsequent analysis.
The ISWT is a symptom-limited exercise test with a progressive
increase in workload designed to allow subjects to achieve
maximum effort tolerance. Subjects walk back and forth along a
horizontal 10 m course, marked out by two cones and must com-
plete the shuttle before a pre-recorded signal from a cassette
player, which shortens incrementally after each shuttle. The end-
point (distance walked in metres) is reached when the subject
fails to complete the shuttle before the signal. The ISWT has been
evaluated in patients with CHF, as an alternative to cardiopulmon-
ary exercise testing and the traditional 6 min walk test. It is
highly reproducible, preferred by patients and correlates strongly
with peak VO2, in multivariate analysis the ISWT was found to be
the most significant independent predictor of peak VO2

23,24 and,
after 17 months follow-up, predicted event free survival, whereas
the 6 min walk test did not.25

Left ventricular ejection fraction was determined by trans-
thoracic echocardiography from 2D apical four-chamber images
using Simpson’s rule. Left ventricular end-diastolic diameter and
cross-sectional area were measured from M-mode images taken
from the left parasternal view. Left ventricular mass was calculated
using the American Society of Echocardiography simplified cubed
equation, LVM (g) ¼ 0.8 � [1.05 � f(EDD � IVST � PWT)32 (EDD)3g],
where EDD, end-diastolic diameter; IVST, interventricular wall
thickness; PWT, posterior wall thickness. Body surface area (BSA)
was calculated by the formula BSA ¼ 0.0001 � 71.84�
(weight)0.425 � (height)0.725. LV mass was divided by BSA to derive
the LV mass index (g/m2). Transverse computed tomogram (CT)
images of the mid-thigh and mid-calf of both legs were used to
estimate skeletal muscle bulk by computer-assisted planimetry of
the cross-sectional area of the skeletal muscle at these points.
Handgrip strength was measured using a hand held dynamometer,
which was performed three times in both hands and the mean
value used for analysis. Full blood count, PSA, serum electrolytes,
brain natriuretic peptide (BNP; Biosite Diagnostics Inc., San Diego,
CA, USA), and sex hormones were measured from early morning
blood samples. Total testosterone and sex hormone binding globulin
(SHBG) were measured by ELISA, inter and intra-assay coefficients of
the variance were ,14 and ,10%, respectively. Bio-available
testosterone (comprising free testosterone and that component of
total testosterone loosely bound to albumen) was determined by a
modification of the method described by Tremblay and Dube,26

inter and intra-assay coefficients of variance for this technique
were ,14 and ,12%, respectively. Bio-available testosterone level
providesamoreprecisemeasureof androgen status, beingunaffected
by the level of SHBG. Tumour necrosis factor (TNFa) was measured
from venous blood samples drawn at baseline and at 3 months.

Subjects completed the Minnesota Living with Heart Failure ques-
tionnaire (MLHF) to assess disease specific symptoms and quality of
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life, and the Beck Depression Inventory (BDI) to give a standardized
assessment of mood and depressive symptoms.

Statistical analysis and power calculation

The power calculation was based on the results of our pilot study,18

in which 3 months of intra-muscular testosterone therapy improved
distance achieved in an ISWT. The mean+ SD improvement
on testosterone was 65+ 79 m. In order to detect an improvement
in exercise capacity similar to that seen in the pilot study, with 90%
power and 5% significance, we calculated the need to recruit a
total of 66 subjects. We aimed to recruit 15–20% more patients
to allow for patient withdrawals giving a final target of 80 subjects.

All data were compared with the normal distribution using the
Kolmogorov–Smirnov test. Raw data are presented as mean+ SD
throughout unless specified and analysis was by intention-to-treat.
The intention-to-treat analysis confined the patients to their ran-
domization group and data were carried over from previous visits
in the case of patient withdrawal. Parameters that were only
sampled twice (muscle size by CT scanning, serum TNF) were
analysed by unpaired t-tests and ordinal data (NYHA class) by the
Mann–Whitney U-test. Correlations were tested with Pearson corre-
lation coefficient for normally distributed data or Spearman’s rank
correlation for non-normally distributed data and ordinal data
(NYHA class, ejection fraction, and mood scores). Because a large
number of analyses were performed significance at the 1%
(P ¼ 0.01) level was sought.

Pre-specified primary endpoint

The pre-specified primary endpoint was the treatment effect of
testosterone vs. placebo on the ISWT distance in metres at 12
months, we have also presented the data as percentage change
from baseline. In cases of patient withdrawal, data were carried
forward for the purpose of analysis. The treatment effect is
calculated by comparing the change from baseline effect of testos-
terone with the change from baseline effect of placebo using
univariate analysis of the variance. In this analysis, the dependent
variable was the change from baseline and the two fixed class
variables were: the treatment group (placebo or testosterone)
and the time of sampling (3, 6, or 12 months), the random variable
was the patient, each patient was uniquely coded (1–76). This
method permits complete intention-to-treat analysis of the data
without excluding data and controlling for within patient corre-
lations. Secondary/exploratory endpoints were calculated in the
same way in each case to determine the treatment effect against
placebo such that no within group analyses were performed. A
single secondary post hoc t-test was performed on the incremental
shuttle walk data to estimate the absolute improvement of exercise
capacity with confidence intervals. This analysis was performed on
the 6-month data as this included the majority of the data, analysis
using this method at 12 months would have excluded nearly 45% of
the data (because of patient withdrawals due to skin side-effects)
with a consequent risk of bias.

Results

One hundred and thirteen patients were screened and 76
patients were eventually randomized (Figure 1 ). There
were a number of patient withdrawals during the study and
only 42 patients of the initial cohort remained on therapy
for the planned 12 months. The summary baseline data are
shown in Table 1, overall the groups were well matched
except for a lower resting pulse rate in the placebo group
(68.3+ 11.3 vs. 75+ 11.3 b.p.m., P ¼ 0.05), a difference
that only approached significance.

Functional capacity

Walking distance as assessed with the ISWT improved signifi-
cantly in the patients treated with testosterone compared
with those on placebo (P ¼ 0.006 ANOVA; Figure 2 ). The
mean change in shuttle walk distances (95% confidence
intervals) at 12 months was þ25+ 15 m (7–56 m) corre-
sponding to a 15+ 11% improvement from baseline; at
6 months the difference between testosterone and
placebo was þ38+ 13 m (11.6–64 m), corresponding to a
18+ 7% improvement from baseline. In the treatment
group, the change in walking distance was positively
correlated with the change in the serum bioavailable testo-
sterone at 3 months (rS ¼ 0.4, P ¼ 0.01) and at 6 months
(rS ¼ 0.36, P ¼ 0.01), but was lost at 12 months (rS ¼ 0.3,
P ¼ 0.04) (Figures 3 and 4 ). Dominant handgrip strength
improved with testosterone treatment (P ¼ 0.04). There
was no significant change in BMI or in cross-sectional areas
of thigh and calf muscle in either group (Table 2 ).

Hormones and serum parameters

At baseline, serum testosterone levels were low and 18 men
(24%) had levels below the normal range (total testosterone
,7.5 nmol/L or bioavailable testosterone ,2.5 nmol/L).
Baseline bioavailable testosterone (but not total testoster-
one) correlated with both distance reached in the ISWT
(r ¼ 0.3, P ¼ 0.01) and handgrip strength [r ¼ 0.3 (domi-
nant); r ¼ 0.4 (non-dominant), both P ¼ 0.002]. Total
testosterone and bioavailable testosterone both increased
with treatment (Figure 5 ) but remained within the normal
physiological range (7.5–30 nmol/L). There were no signifi-
cant changes in serum electrolytes, BNP, haematological
parameters, or TNFa (Table 2 ).

Figure 1 Trial progression.
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Haemodynamic and echocardiographic parameters

On serial echocardiography, there was a statistically signifi-
cant increase in left ventricular cavity length seen in
patients treated with testosterone of 8.4+ 0.28 mm com-
pared with placebo (P ¼ 0.0001), but a trend to a reduction
in left ventricular mass index of 213.7 g/m2 (P ¼ 0.055).
There were no other changes in cardiac morphology or ejec-
tion fraction (Table 2 ). Mean systolic blood pressure

remained stable over the follow-up period in those on
testosterone but fell in those on placebo (difference
P ¼ 0.013) (Table 2 and Figure 6 ).

Self reported mood and symptoms

No significant differences were found in the questionnaire
scores for the MLHF or BDI over the follow-up period.
New York Heart Association (NYHA) heart failure class at
baseline and at study completion improved by least one
functional class in 13 (35%) patients in the testosterone
group compared with three (8%) on placebo (P ¼ 0.01).
The treatment effect of testosterone vs. placebo was
statistically significant (mean improvement NYHA class
20.32+ 0.85 vs. 0.13+ 0.7, P ¼ 0.01).

Safety and tolerability

There was no excess of adverse events in patients on testos-
terone; a single sudden death was reported (on placebo). In
the testosterone arm five patients required an unplanned
hospital admission and one patient suffered a small anterior
circulation stroke affecting right upper limb function. A
summary of serious adverse events is shown in Table 3.
Over the study follow-up period, there was no significant
change in either haematocrit or PSA (Table 3 ).

Table 1 Baseline data (mean+ SD)

Parameter Active group (n ¼ 37) Placebo group (n ¼ 39) P-valuea

Age (years) 63.1+ 10.7 64.9+ 9.3 0.4
BMI (kg/m)2 27.9+ 4.08 27.7+ 4.1 0.8
ISWT (m) 280+ 162.9 298+ 158.9 0.6
Dominant grip (kg) 40.6+ 11.1 38.6+ 8.6 0.4
Non-dominant grip (kg) 37.6+ 10 35.9+ 8.2 0.4
Resting pulse (min21) 75+ 14.1 68+ 11.3 0.04
Systolic BP (mmHg) 129+ 17.8 131+ 15.8 0.6
Diastolic BP (mmHg) 78+ 9.1 77+ 11.2 0.8
EDD (mm) 68.4+ 9.9 67.5+ 11.9 0.8
Ejection fraction (%) 33.8+ 10.4 33.1+ 11.8 0.6
MLHF score 39.9+ 22.2 32.8+ 25.9 0.2
BDI score 11.1+ 8.3 10+ 11.2 0.7
BNP (pg/mL) 206+ 226.2 161+ 143 0.3
Haematocrit (L/L) 0.43+ 0.04 0.43+ 0.04 0.5
Creatinine (mmol/L) 113.8+ 35.2 107.8+ 29.9 0.4
PSA (mg/L) 1.7+ 1.4 1.5+ 1.2 0.5
FSH (nmol/L) 5.32+ 4.5 6.9+ 9.8 0.4
LH (nmol/L) 5.1+ 4.5 7.6+ 14.6 0.3
Total testosterone (nmol/L) 13.9+ 5.3 12.1+ 5.4 0.16
Bioavailable testosterone
(nmol/L)

4.7+ 1.9 4.6+ 2.6 0.9

Aetiology CHF: IS/NIS (n ) 19/18 22/17 0.7b/0.7b

Cigarette smoker (n ) 10 6 0.2b

ACE/ARB (n ) 32/4 32/9 0.6b/0.2b

b-blocker (n ) 16 18 0.8b

Digoxin (n ) 19 16 0.4b

Diuretic (n ) 27 29 0.9b

NYHA class (II/III/IV) 21/14/2 24/13/2 0.4b

Diabetes mellitus (n ) 5 8 0.4b

aComparison by unpaired t-test unless marked.
bComparison by chi-squared statistic with 2 � 2 table.
BP, blood pressure; FSH, follicle stimulating hormone; LH, luteinizing hormone; IS, ischaemic; NIS, non-

ischaemic; ACE, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

Figure 2 Change in distance walked on the ISWT. The treatment effect of
testosterone compared with placebo over the 12-month treatment period.
The mean change in distance walked was significantly greater in those
patients taking testosterone compared with placebo (P ¼ 0.006, ANOVA).
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Skin reactions necessitated withdrawal of study therapy in
19 patients but minor skin reactions were reported by
several patients who continued in the study as planned. In
total 42 patients (55%) experienced skin reactions.

Discussion

In this study we have shown that physiological testosterone
replacement therapy improves functional capacity and
NYHA class compared with placebo. Moreover, there was a
significant correlation between the increase in bioavailable
testosterone with treatment and the increase in the ISWT
distance. There were no significant changes in any serum
parameters except for the testosterone levels. Over the
study period testosterone therapy appeared to be safe,
with no excess of serious adverse events. The Androdermw

delivery system was not well tolerated, with over half of
the patients developing at least minor skin reactions and
19 (nine on testosterone) withdrew prematurely because
of these problems.
In our pilot study,18 we examined the effect of intra-

muscular testosterone therapy using identical methodology
and showed an improvement in mood and self-reported
symptoms of heart failure in addition to a significant abso-
lute increase in distance walked in the ISWT. The patients in

the pilot study achieved a greater increase in ISWT distance
after 3 months therapy than the patients in the present
study at the same time point (65+ 24.9 vs. 30+ 9.9 m).
We believe the reason for this difference is the higher
post-treatment testosterone levels achieved using the
intra-muscular preparation (total testosterone 38.4+
4.1 nmol/L vs. 22.8+ 2.5 nmol/L). This inference is
supported by our current data that show a significant corre-
lation between the absolute increase in serum bioavailable
testosterone level and the increase in walking distance.
Mood and self-reported symptoms of heart failure improved
in the pilot study but did not improve significantly in this
study, which may also be accounted for by the lower level
of serum testosterone achieved.
The mechanism of benefit in this study is not clear. We

speculated in the pilot study that improved mood as
assessed with the BDI may result in better performance in
the ISWT; however, there was no improvement in mood
recorded in the present study and this hypothesis now
seems unlikely. There was some evidence of increased phys-
ical strength in the treatment group, although this only
approached the stringent levels of significance chosen for
this study, we were unable to detect any change in muscle
mass using cross-sectional computed tomography. The
relationship between maximal voluntary strength and func-
tional capacity is uncertain, numerous trials have shown
that androgen therapy increases maximal muscle strength
(reviewed in 27), few trials have tested functional capacity
or endurance and those that have reported conflicting
results.28–30 There is evidence in animal studies that
anabolic androgens attenuate muscle fatigue in response
to exercise, although the mechanism has not been
identified.31,32

There were no changes in the objective assessments of
left ventricular function but a change in cardiac morphology
was seen with a small increase in internal left ventricular
length. High dose testosterone therapy (almost exclusively
in athletes 19,33,34) has been shown to induce myocardial
hypertrophy. In the present study, LV mass and thus LV wall
thickness did not increase on testosterone: an important
safety feature. We cannot easily explain the increase in LV
cavity length, this is likely to represent ventricular remodel-
ling but whether this is beneficial is currently not known and
is the subject of further work. The difference in the blood
pressures between the treatment and placebo groups is
unexpected as testosterone is an acute vasodilator11 and it
might be expected to lower blood pressure.35 The difference
between the groups may reflect the natural history of pro-
gressive heart failure which is characterized by increasing
left ventricular mass and falling blood pressure over time,
this effect being attenuated by testosterone treatment.
Greater improvements in exercise capacity were seen in
the pilot study in which larger doses of testosterone were
administered; this suggests that there may be a dose-
response relationship. However, only one dose of testoster-
one was used in the present study and we therefore cannot
confirm a dose-response relationship. These data do suggest
that the biological effects of testosterone on functional
exercise capacity are related to the serum levels reached
in vivo as increased functional exercise capacity correlated
with the increase in serum testosterone.
This trial was confined to male patients; the issue of

testosterone therapy in women is highly contentious.

Figure 4 Shows the correlation between the change in distance walked on
the ISWT and the change in bioavailable testosterone level at 6 months.

Figure 3 Shows the correlation between the change in distance walked on
the ISWT and the change in bio-available testosterone level at 3 months.
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Figure 5 Shows the changes in serum testosterone levels over the 12-month study period.

Table 2 Treatment effects of testosterone

Parameter Placebo
baseline

Change from
baseline: effect
of placebo at
12 months

Testosterone
baseline

Change from
baseline: effect
of testosterone
at 12 months

Treatment effect:
D testosterone vs
D placebo at 12 months
(mean+ standard error
of the difference)

P-value
(ANOVA at
12 months)

Anabolic
BMI (kg/m2) 27.7+ 4.1 þ3.8+ 3.1 27.9+ 4.0 20.09+ 1.7 20.46+ 0.6 0.5
Dominant handgrip

strength (kg)
38.6+ 8.6 20.6+ 5.3 40.6+ 11.1 þ1.0+ 4.0 þ 1.6+ 1.1 0.04

Non-dominant handgrip
strength (kg)

35.9+ 8.2 20.56+ 7.8 37.6+ 10 38.1+ 1.65 þ 1.1+ 1.5 0.27

Cross-sectional area
thigh (cm2)

6555+ 1501 þ52.6+ 720 6532+ 995 þ11.5+ 642 212+ 183a 0.9a

Cross-sectional area of
calf (cm2)

6582+ 1515 2158.6+ 973 7034+ 1379 þ41.8+ 542.7 þ 71+ 139a 0.6a

Echocardiography
Ejection fraction (%) 33.1+ 11.8 þ0.95+ 13.6 31.8+ 10.7 þ1.8+ 13.1 þ0.86+ 3.1 0.7
EDD (mm) 67.5+ 11.9 23.3+ 13 68.4+ 9.9 21.9+ 5.9 þ0.7+ 2.9 0.48
Cross-sectional LV area

(1) (mm)
54.7+ 11.9 20.4+ 14.3 56.4+ 12.6 þ1.4+ 14.4 þ1.1+ 3.2 0.9

Cross sectional LV area
(2) (mm)

32.5+ 11.4 þ8.1+ 46.5 35.2+ 11.5 20.8+ 12.9 28.9+ 8.0 0.2

LV length (mm) 9.0+ 1.08 20.58+ 1.6 8.5+ 1.3 þ0.26+ 0.7 þ 8.4+ 0.28 0.0001
LV mass index (g/m2) 146+ 42.7 21.5+ 35.8 162+ 33.8 146+ 28.8 212.7+ 7.4 0.055

Bloods
Total testosterone

(nmol/L)
12.1+ 5.4 þ0.4+ 3.6 13.9+ 5.3 þ5.7+ 10.8 þ 5.3+ 1.82 0.0001

Bio-available testosterone
(nmol/L)

4.6+ 2.6 þ0.+ 2.0 4.7+ 1.9 þ2.32+ 4.6 þ 2.02+ 0.82 0.003

BNP (pg/mL) 161.4+ 143 þ71.7+ 205 205.8+ 226.2 þ43.3+ 273.3 228.3+ 55.1 0.65
Creatinine (mmol/L) 107.8+ 29.9 20.6+ 16.1 113.8+ 35.2 þ8.6+ 30.1 þ9.2+ 5.5 0.16
Haematocrit (L/L) 0.43+ 0.04 20.005+ 0.003 0.43+ 0.04 þ0.009+ 0.3 þ0.014+ 0.007 0.03
PSA (ng/mL) 1.5+ 1.2 20.08+ 0.5 1.7+ 1.42 þ0.08+ 0.7 þ0.088+ 0.13 0.19
Glucose (mmol/L) 6.3+ 2.9 þ0.003+ 1.9 5.9+ 2.95 20.4+ 3.4 20.4+ 0.6 0.06
TNFa (pg/mL) 3.13+ 8.99 1.91+ 2.19 3.29+ 9.69 2.53+ 3.55 20.76+ 10.4 0.85a

Haemodynamic
Systolic BP (mmHg) 131+ 15.8 24.4+ 13.9 129+ 17.8 þ1.6+ 17.4 þ6+ 3.6 0.013
Diastolic BP (mmHg) 77+ 11.2 24.8+ 13.5 78+ 9.1 22.5+ 11.2 þ2.3+ 2.85 0.3
Pulse (min21) 68.3+ 11.3 20.3+ 10 75+ 14.1 22.1+ 10.5 21.8+ 2.35 0.38

LV, left ventricle; LV mass index, LV mass in grammes/body surface area in gm/m2.
aAnalysis by unpaired t-tests at six months.
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Testosterone therapy in both sexes augments anabolic func-
tion leading to increased muscle mass and physical strength.
The acute vascular effects of testosterone in women have
never been assessed; in men testosterone increases
cardiac output because of peripheral vasodilatation,11 an
effect mediated by an L-type calcium channel.36 This
calcium channel is not sex-specific and therefore any
beneficial effects of testosterone on haemodynamics in
men should be matched in women. However, even low
dose testosterone therapy is likely to virilize female patients
and may lead to sex-specific deleterious effects on insulin
sensitivity and lipid profiles.37 The possible use of SARMS
(selective androgen receptor modulators) is inviting as
these drugs can be designed to be non-virilizing, but these
remain untested.38 At this stage, androgen therapy in
women is potentially deleterious and any effects observed
in men cannot be assumed to be the same in women.

Limitations

We are unable to confirm the mechanism by which testoster-
one improves functional capacity and symptoms. Indeed, it
may be multi-factorial and may vary between patients
such that in subjects with very low testosterone levels

effects on mood and muscle strength may be more relevant
than effects on ventricular remodelling or blood pressure.
The testosterone replacement preparation that we used
was poorly tolerated by patients, so fewer patients than
originally planned stayed on treatment for 12 months.
Fortunately there are new and better-tolerated pre-

parations now available including gels, bioadhesive buccal
tablets, and depot testosterone injections, which
provide reliable testosterone delivery. This trial does not
provide any data on the effects of testosterone replace-
ment therapy on endpoints including hospitalization,
deterioration in CHF, and death; longer, larger trials are
needed.

Conclusions

This trial is the largest prospective study of testosterone
replacement therapy in men with CHF. We have demon-
strated a significant benefit in functional capacity by
raising the serum levels of testosterone by about 40% and
well within the normal physiological range. The delivery of
the drug by the Androdermw system was disappointing
with 55% of patients reporting skin reactions which was
the most common reason for withdrawal also reported in
other studies with patch systems.39 The correction of the
metabolic maladaptations that characterize CHF by drug
therapies has proven efficacy. A feature of the CHF syn-
drome is a relative androgen deficiency. This study suggests
that testosterone replacement therapy to within the physio-
logical range is another avenue of potential treatment for
this group of patients.
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Figure 6 Shows the changes in systolic and diastolic blood pressure over the 12-month study period.

Table 3 Serious adverse events

Events Testosterone Placebo

New diagnosis arrhythmia (AF) 2
New diagnosis diabetes mellitus 2
Sudden death 1
Stroke 1
Diagnosed colonic carcinoma 1
Skin reactions 10 9
Hospital admission due to

Unstable angina pectoris 1
Presyncope 1 1
Lower respiratory tract infection 1 1
Exacerbation of heart failure 2 2
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