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PERSPECTIVE

Testosterone and cardiovascular disease in men

Paul D Morris and Kevin S Channer

Despite regional variations in the prevalence of coronary artery disease (CAD), men are consistently more at risk of developing and dying
from CAD than women, and the gender-specific effects of sex hormones are implicated in this inequality. This ‘Perspectives’ article
reviews the current evidence regarding the cardiovascular effects of testosterone in men including an examination of the age-related
decline in testosterone, the relationship between testosterone levels and coronary disease, coronary risk factors and mortality. We also
review the vaso-active effects of testosterone, and discuss how these have been used in men with heart failure and angina. We discuss
the ‘cause’ versus ‘effect’ controversy, regarding low testosterone levels in men with coronary heart disease, as well as concerns over the
use of testosterone replacement therapy in middle aged and elderly men. The article concludes with a discussion regarding the future
direction for work in this interesting area, including the relative merits of screening for, and treating hypogonadism with testosterone

replacement therapy in men with heart disease.
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INTRODUCTION
Irrespective of regional variations in the prevalence of coronary heart
disease, the burden of coronary disease in men is approximately three
times that of women." Moreover, men develop coronary disease
approximately 10 years ahead of women. Multiple logistic regression
analyses have shown that these differences are not explained by simple
differences in coronary risk factor profiles.” The relationship between
male gender and the prevalence of coronary heart disease suggests a role
for sex hormones in the aetiology of cardiovascular disease. Historically,
much attention has been paid to the cardioprotective effects of female
sex hormones in women. In women, physiological levels of oestrogen
appear protective against atherosclerosis, whereas conditions associated
with oestrogen deficiency such as early menopause or bilateral oopher-
ectomy are associated with an increased burden of coronary disease.””
In animal models, oestrogen deficiency (for example, in the aromatase
knockout mouse) has been shown to adversely affect lipid handling and
encourage features of the metabolic syndrome.® Conversely, conditions
associated with higher female androgen levels, such as in polycystic
ovarian syndrome, are associated with an excess of coronary artery
disease.” Despite promising early reports, hormone replacement strat-
egies in postmenopausal women have demonstrated an increased risk of
breast and endometrial malignancy, and thrombo-embolic disease with
a resulting increased mortality.>®

Studies of men who abuse anabolic steroids have clearly demon-
strated higher risk of myocardial infarction and sudden cardiac
death.'®"* In men, exogenous oestrogen therapy has also been trialled
for secondary prevention of coronary disease, following acute myo-
cardial infarction."® This trial was terminated early due to a twofold
increase in re-infarction and a significant increase in mortality. Similar
results were found more recently in men receiving oestrogens for

treatment of prostatic carcinoma.'®'”> The effects of sex hormones
are, therefore, gender-specific and their roles are more sophisticated
than first perceived. The combination of: (i) the male preponderance
of coronary disease; (ii) the cardioprotective effects of oestrogens in
pre-menopausal women; and (iii) the increased cardiovascular death
in men abusing anabolic steroids, have led to the view that testosterone
is deleterious to the male heart. Contrary to this view, current evidence
suggests that normal and physiological levels of testosterone are not
deleterious to the male heart and are, in fact, beneficial. It is hypotes-
tosteronaemia which is associated with adverse coronary risk profiles
and with coronary morbidity and mortality in men. Moreover, andro-
gen replacement therapy has positive effects on coronary risk factor
profile and acts as a vasodilator demonstrating potential, because it is
an anti-ischaemic agent.

PHYSIOLOGY AND DECLINE WITH AGE

Testosterone is a steroid hormone synthesized, predominantly, by the
testicular Leydig cells under the control of the gonadotrophins, chiefly,
luteinizing hormone. Testosterone secretion demonstrates both
diurnal and circannual secretion, peaking in the early morning and
in the autumn. Once synthesized, it circulates bound to serum pro-
teins with approximately 68% tightly bound to sex hormone binding
globulin and 30% bound more loosely to albumin. Only about 2%
circulates freely and it is this free portion along with the albumin
bound portion that make up the biologically available (bioavailable)
testosterone. Testosterone is metabolized by 5-a reductase to dihydro-
testosterone or by aromatase, in adipose tissue, to oestrogens. Men
with increased abdominal fat, therefore, metabolize more testosterone
to oestrogen, resulting in gynaecomastia and a reduction in secondary
sexual characteristics.
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Multiple cross-sectional studies have demonstrated a fall in andro-
gen levels with advancing age.'*>® However, unlike women, men do
not experience the well characterized, sudden and rapid decline in sex
hormone levels and cessation of reproductive capability as they age. In
men, the decline in sex hormone levels is much more variable appear-
ing to spare some men, fall unknowingly in some, and result in
frank and symptomatic hypogonadism in others. Contrasting with
the female menopause, the male ‘andropause’ often results in rather
non-specific symptoms, including reduced libido, fatigue, weakness,
depression, dry skin and poor concentration, symptoms which are
often regarded simply as a natural part of the aging process. Clinical
signs can include fine-wrinkled dry skin, low hairline, gynaecomastia
and muscle wasting. Due to the non-specific nature of the symptoms,
hypogonadism often remains undiagnosed and thus untreated in
many cases. In others, it is diagnosed but remains untreated due to
a perceived concern regarding adverse iatrogenic effects on the pro-
state and heart. Harman et al.”® investigated the nature and potential
aetiological factors involved in the change in sex hormone levels with
age in the Baltimore Longitudinal Study of Aging. They found that in
890 generally healthy men, both total and free testosterone decreased
ata constant rate from the third to ninth decade. Total testosterone fell
at a rate of 0.11 nmol 17! yearfl, but the fall in free testosterone was
more impressive and due, at least in part, to the significant rise of sex
hormone binding globulin with age. These observations were inde-
pendent of obesity, comorbid illnesses, medication, smoking and alco-
hol consumption.

TESTOSTERONE AND CORONARY RISK FACTORS

It was previously believed that the higher prevalence of coronary dis-
ease in men may be explained by differences in risk factor profiles
between genders. It is widely regarded that men display behaviours
which are considered, cardiologically, more risky with increased levels
of smoking and with diets richer in saturated fats.” However, multiple
logistic regression analysis has shown that differences in behavioural
profiles do not account for the excess burden of coronary disease in
men.>* The development and progression of coronary atheroscler-
osis is heavily influenced by the interaction of multiple risk factors.
The lipid profile in men is naturally more pro-atherogenic than in
women, a difference that has, in the past, been attributed to higher
circulating testosterone levels. However, it is low, not normal, nor
high, testosterone levels that have been found to be associated with
adverse lipid profiles. Testosterone levels are found to correlate posi-
tively with the cardio-protective high-density lipoprotein (HDL) cho-
lesterol and negatively with atherogenic low-density lipoprotein
(LDL) cholesterol and triglycerides.”” ' Some studies have demon-
strated that testosterone causes a fall in the cardio-protective HDL
cholesterol.>> However, any observed decline in HDL cholesterol is
generally smaller and less pronounced than the positive effects on the
other lipid fractions. Hypotestosteronaemia is associated with raised
pro-inflammatory cytokines (tumour-necrosis factor-oand interleu-
kin 6) and reduced anti-inflammatory cytokines (interleukin 10)*
which are, in turn associated with pro-atherosclerotic and inflammat-
ory states. Additionally, low testosterone is associated with raised
fibrinogen and hypercoagulable states,”*>° theoretically, promoting
atherosclerosis and atherosclerotic plaque instability and thus acute
coronary syndromes. The metabolic syndrome is a well-recognized
risk factor for atherosclerosis and coronary morbidity and mortality.
All of the components of the syndrome—hypertension, dyslipidae-
mia, insulin resistance, type II diabetes and hyperglycaemia—are
independently associated with hypotestosteronaemia and frank
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hypogonadism. Moreover, there is a negative correlation between
the number of components of the metabolic syndrome and the abso-
lute serum testosterone level with a 10-fold increase in the relative risk
of frank hypogonadism, if all four of the components of the metabolic
syndrome are present.”” In an analysis of data from the Massachusetts
Male Aging Study, it was found that, over a 15-year period, in non-
obese men, low testosterone at baseline led to a two- to fourfold
increased risk of developing metabolic syndrome. The authors con-
cluded that low testosterone may act as an early warning sign for the
development of the metabolic syndrome, and provide an opportunity
for early (primary) intervention.”®

TESTOSTERONE LEVELS IN MEN WITH CORONARY HEART
DISEASE

Contrary to the notion that higher testosterone levels account for
the higher burden of coronary disease in men than women, there is
an increasing body of literature indicating that men with coronary
artery disease (CAD) have significantly lower testosterone levels
than men without CAD. Cross-sectional studies comparing men
with and without CAD have repeatedly demonstrated significantly
lower levels of both total and bioavailable testosterone in men with
CAD than in controls with normal coronary arteries.”® However,
there is heterogeneity in the consistency of these findings, especially
in earlier reports.*® Explanations for the apparent inconsistency of
earlier reports include variability in study design, in the assays
applied, in the measures of testosterone quoted and in the defini-
tions of ‘hypogonadism’ and ‘cardiovascular disease’ used. Some
authors performed retrospective analyses from frozen samples as
the original intention was not to study testosterone at all, and these
studies took no account of the instability in testosterone level when
frozen samples are stored over many years. Some studies measured
total testosterone level, others used free or bioavailable testosterone
or used calculated free-androgen index. There are different opi-
nions and criteria regarding what ‘hypogonadism’ actually is in
terms of assay, cut-off and whether the criteria should include
associated symptoms. More modern studies have been more con-
sistent in design and definition, especially when the primary hypo-
thesis was related to the question of the link between testosterone
blood level and CAD. Despite some heterogeneity, the majority of
studies that investigated androgen levels in men with coronary
disease, showed that testosterone levels were significantly lower in
men with coronary disease than in matched controls.

Do levels of total and free testosterone truly reflect androgenisation?
Testosterone circulates partly bound to albumin (weakly) and partly
bound to sex hormone binding globulin (strongly) and only a small
fraction is free. The albumin-bound and free portions are biologically
available to the tissues. It could be argued that bioavailable testoster-
one quantification would provide a more accurate measurement. It is
possible to measure bioavailable testosterone by the method of
Tremblay and Dube,*! but the assay is labour-intensive and time-
consuming and, as such, is mainly restricted to the research laboratory.
Itis believed by some that this fraction more accurately reflects the true
serum androgen level. Bioavailable testosterone assays have been uti-
lized in several studies of men with coronary artery disease and more
consistently demonstrate decline with age. One study of over 900 men
found that both total and bioavailable testosterone were significantly
lower in men with coronary artery disease than in those without.*? The
magnitude of the difference in testosterone levels between men with
coronary artery disease and those without is clinically significant. The
same study demonstrated a prevalence of hypogonadism of 24% in
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men with coronary artery disease, by strict criteria, which is approxi-
mately three times higher than the expected background rate.

One question which remains unanswered is whether low testoster-
one levels accelerate the development of CAD or whether they are
simply a consequence of chronic illness?

CAUSE OR CONSEQUENCE?

Coronary artery disease is a chronic illness and patients with CAD
often have other associated chronic illnesses such as hypertension,
diabetes and hypercholesterolaemia. Maybe this is the cause of the
lower testosterone levels? Regression analysis has demonstrated
that even when the effects of such comorbid conditions are controlled
for the relationship between CAD and lower testosterone levels
remains.>*® Furthermore, if hypogonadism was a consequence of
CAD, it might be expected that patients with more severe CAD might
have lower testosterone levels than those with milder disease. This
hypothesis has not been proven. The prevalence of hypogonadism in
men with asymptomatic coronary plaque is similar to the prevalence
in men with symptomatic CAD and both groups have lower levels of
testosterone than men with normal coronary arteries, supporting a
causative role more than a symptomatic consequence (Morris PD,
2001. unpublished data).

Studies in male animals have shown accelerated atherosclerosis
after castration—an effect that is abrogated by androgen replacement
therapy.*>**

Risk factors for coronary disease such as diabetes are also associated
with lower testosterone levels and testosterone supplementation in
these men improves their risk factor profile with improvements in
glycaemic control, adiposity and lipid profiles.** Individuals affected
by hypogonadal hypogonadism such as men with Klinefelter’s syn-
drome are known to have increased levels of insulin resistance, dysli-
pidaemia and central obesity*®—all the constituents of the metabolic
syndrome, which carries a strong assocation with coronary disease and
morbidity. Aside from coronary disease, Klinefelter’s patients have
been shown to have higher rates of congenital heart disease, mitral
valve prolapse, reduced left ventricular function and more procoa-
gualable states.”’~*’ Furthermore, accelerated coronary artery disease
has been demonstrated in patients treated with testosterone-suppress-
ive therapy. In a study of over seventy thousand men (73 196) treated
with androgen suppressive therapy for prostate cancer, there was a
44% increase in the risk of developing diabetes and 16% increase in the
risk of cardiovascular death or myocardial infarction, effects which
were evident as early as 1-4 months.? Similar conclusions were drawn
in a study of men treated by orchidectomy, where, over a 10 year
period, there was a twofold increase of cardiovascular mortality.”
Androgen suppressive therapy has also been linked with increased
central blood pressure, insulin resistance, and hyperglycaemia.”'~>*
However, one must be careful to consider the difference in androgen
levels between the moderate hypotestosteronaemia associated with
aging and the more extreme low testosterone levels associated with
androgen suppressive therapy used in prostate cancer treatment.

A recently published meta-analysis of 19 prospective studies®
investigated some of the previously found heterogeneity in the results
and design of studies in this area. Although the analysis failed to
confirm that low testosterone increases the risk of cardiovascular dis-
ease in middle aged men, it did find a significant inverse association
between testosterone and coronary disease in men older than 70 years.

Whether low testosterone is a ‘cause or consequence’ of coronary
disease remains unknown. There appears to be evidence supporting
both sides of this controversy. It is of course possible that it plays a
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causative role and is also a consequence of illness and frailty. A great
deal of research work will be needed to carefully untangle all the
possible mechanisms underlying this relationship. Further work will
undoubtedly expand our knowledge regarding the underlying
mechanisms and relationships between low testosterone and coronary
disease and this will be of great interest. If low testosterone is found to
be a significant aetiological factor in the development of acceleration
of coronary disease then, given the high prevalence of hypogonadism
in this population, it would be worth considering screening for tes-
tosterone levels in men with coronary disease.

VASO-ACTIVE PROPERTIES OF TESTOSTERONE

Although some people have suggested that the reported positive effects
of androgens in cardiovascular disease may simply reflect non-specific
effects on skeletal muscle function and mood, it has been demon-
strated that testosterone does have direct vaso-active effects. It is
known that testosterone levels inversely correlate with penile artery
smooth muscle compliance with men with lower testosterone levels
more likely to suffer erectile dysfunction.®® In animal models, tes-
tosterone causes vasodilatation of isolated coronary, femoral and pul-
monary arteries in a dose-dependent fashion.**™ Interestingly, these
effects are not mediated by the endothelium (unlike oestrogen) nor via
the nuclear androgen receptor. In these models, testosterone appeared
to act directly on the vascular smooth muscle, having an antagonistic
action on calcium channels similar in effect to that of the anti-anginal
drug nifedipine.”® In vitro studies of isolated male arteries have
demonstrated similar vasodilatory actions. In vivo studies have also
demonstrated a vasodilatory action for testosterone. One study
showed that acute intracoronary administration of testosterone, at
physiological concentrations, induces coronary artery dilatation and
increases coronary blood flow in men with established coronary artery
disease.®! Other studies of acute intravenous testosterone therapy have
demonstrated increased cardiac output mediated by a reduction in the
systemic vascular resistance and increased ischaemic threshold
in men with CAD.**™* Clinical trials have demonstrated that chronic
and physiological dose testosterone supplementation significantly
improves anginal symptoms and the time to electrocardiographic
ischaemia on exercise treadmill testing,“’67 an effect which is pro-
posed to be mediated by testosterone’s vasodilatory action.

TESTOSTERONE LEVELS AND MORTALITY

The aforementioned decline in testosterone in some men has prev-
iously been regarded by some simply as part of the natural physiology
of ageing. However, five recent studies have demonstrated that lower
baseline testosterone levels are a significant predictive marker for
mortality even after controlling for the effects of comorbid conditions.
In 2004, Shores et al®® reported that hypotestosteronaemia was a
marker for mortality in a group of 44 geriatric inpatients within a 6-
month period. In a following study, the same group performed a
computerized analysis of the Veteran’s Affair’s clinical database.®’
They looked at 850 men over a 4- to 8-year period controlling for
comorbid conditions which would affect mortality, e.g. concurrent
cancer. They found that men with low testosterone levels had an
88% (20.1% vs. 34.9%, P<0.001) relative increase in all-cause mor-
tality risk when compared with those with normal testosterone levels
at baseline. In 2007, the INCHIANTT study demonstrated that an age-
associated fall in bioavailable testosterone was associated with
increased risk of death.”® In a 6-year follow-up study of 410 men aged
over 65 years, they found that this effect was made more pronounced
and more statistically significant when low testosterone was associated



with similar decline in insulin-like growth factor and dehydroepian-
drosterone sulphate. In contrast to men with all three hormones above
the lowest quartiles, men with one, two or three hormones in the
lowest quartiles were increasingly at more risk of death. In 2008,
Laughlin et al.”" studied an older group (mean age of 71 years) of
794 men over a period of up to 20 years. They found a significant fall
in bioavailable testosterone but not total testosterone with age. The
risk of death was greater for men in the lowest baseline quartile of both
total and bioavailable testosterone compared with those in the highest
quartile. After adjusting for age, adiposity and lifestyle choices, the risk
of death was 44% greater between the lowest and highest quartiles for
total testosterone (hazard ratio (HR): 1.44; 95% confidence interval
(CI): 1.12—-1.84) and 50% higher between the lowest and highest quar-
tiles for bioavailable testosterone (HR: 1.50; 95% CI: 1.15-1.96). In the
largest study to date investigating the effects of endogenous testoster-
one levels and mortality, the European Prospective Investigation into
Cancer Norfolk study’® prospectively investigated all-cause and
cardiovascular mortality in 11 606 healthy men between the ages 40
and 79 years at baseline. Over a 6- to 10-year follow-up period, they
observed a statistically significant association between baseline serum
testosterone level and all-cause (HR: 0.75; 95% CI: 0.55-1.00), cardio-
vascular (HR: 0.62; 95% CI: 0.45-0.84) and cancer related (HR: 0.59;
95% CI: 0.42—0.85) deaths (P<<0.001) for each association after con-
trolling for comorbid conditions and behaviours. They found that
every one standard deviation increase in baseline testosterone
(~6 nmol1~") was associated with a ~14% risk reduction in mortality
over the study period. Even more relevant to the current article is the
recently published study by Malkin et al.*? In this study, 930 men with
angiographically proven CAD were prospectively followed up overa 7-
year period. They observed a baseline prevalence of hypogonadism in
this group (by a strict criteria) to be 24%. In this androgen deficient
group, the mortality was 21% versus only 12% in the eugonadal group
(P=0.002). Low bioavailable testosterone but not total testosterone
significantly influenced the all-cause and cardiovascular mortality
after the multivariate analysis (Figures 1 and 2), suggesting that this
is the more sensitive assay in detecting pathological deficiency and risk
compared with other assays. Low testosterone therefore, appears to be
a marker for mortality. However, a similar ‘cause or consequence’
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Figure 1 A survival curve of all-cause mortality based on baseline Bio-T. The
solid line represents patients with baseline Bio-T less than 2.6 nmol 17}, the
broken line represents patients with Bio-T greater than 2.6 nmol |1
Reproduced from Malkin et al. (2010).%? Bio-T, bioavailable testosterone; HR,
hazard ratio.
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argument arises. Does low testosterone have a causative role in pro-
moting worsening cardiovascular health or does it simply mark out a
population of less healthy men, or both?

TESTOSTERONE AND HEART FAILURE

Coronary heart disease is the biggest underlying cause of heart failure
in the Western world. However, the specific relationship between
testosterone and heart failure has not been studied to the same degree
as that of testosterone and coronary disease. Heart failure is character-
ized by a catabolic state with activation of inflammatory cytokines,
vasodilator incapacity and maladaptive neurohormonal activation. As
described above, testosterone exerts an effect which opposes all of
these adaptations. Serum testosterone levels have been shown to cor-
relate positively with cardiac output in men with heart failure and in
one study acute, intravenous administration of testosterone acutely
increased cardiac output.®® The effects of chronic testosterone supple-
mentation have also been studied. In a small randomized placebo
controlled clinical trial, Pugh et al.”® demonstrated improvements in
exercise capacity and in symptom scores after 12 weeks of testosterone
therapy in men with heart failure. Similar results were found in larger
placebo-controlled randomized controlled trials with improvements
in exercise capacity, symptom scores, VO, max, maximal strength,
insulin resistance and a reduction in electrocardiographic Q-T disper-
sion.”*”7® Although these early studies are positive, more evaluation is
needed to elucidate the mechanisms of action of testosterone in heart
failure and on the long-term effects of supplementation.

TESTOSTERONE THERAPY IN CARDIOVASCULAR DISEASE
Evidence regarding the cardiovascular effects of testosterone therapy
can be broadly divided into two groups: the effects on cardiovascular
risk factors, such as lipid profiles, blood pressure, etc., which exert an
indirect effect on coronary artery disease and the direct clinical effects
of testosterone therapy on the heart itself.

Testosterone supplementation in men with type II diabetes has been
shown to reduce total and LDL cholesterol and lipoprotein a, even in
men already established on statin therapy.”””® In studies of elderly
and hypogonadal men, testosterone therapy has been associated with
improved lipid profiles with reductions in total and LDL choles-
terol.>7*®" Hypotestosteronaemia is associated with hypertension
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and arterial stiffening. There have been several trials of testosterone
replacement therapy in eugonadal, hypogonadal and obese men which
have observed impressive reductions in both systolic and diastolic blood
pressure over periods as short as 6 months and for as long as 10 years.*>®*
Similar beneficial effects of chronic testosterone therapy were demon-
strated in reducing body mass index in a study of testosterone therapy
over a 12-month period.®” Testosterone therapy induces increased insulin
sensitivity and improved glycaemic control in type II diabetic men.””
Studies of testosterone therapy have also observed beneficial modifica-
tions in pro- and anti-inflammatory cytokine profiles.”

Rosano et al.”® investigated the acute effects of intravenous testoster-
one therapy in a group of men about to perform exercise, treadmill
testing. When compared to baseline and a placebo, time to ischaemia
was significantly prolonged after intravenous testosterone. English
et al®® demonstrated similar effects, but in the context of chronic
testosterone therapy. In men with angiographically-proven coronary
disease, 12 weeks of trans-dermal testosterone therapy significantly
increased time to ischaemia at exercise testing. The anti-ischaemic effect
was greatest in those men with the lowest baseline testosterone levels.
Malkin et al*®® advanced this hypothesis by performing a similar,
blinded, placebo-controlled and crossover study of testosterone therapy
in men with angina, but only recruited men with significant hypogo-
nadism. At treadmill testing, the increase in time to ischaemia was even
greater (74 s). In addition, there were significant improvements in
symptom scores and beneficial changes in lipid profiles and reductions
in the proinflammatory cytokine tumour-necrosis factor-o. In a further
study by the same group, the anti-ischaemic effects of testosterone
therapy were demonstrated up to the end of the study period at 1 year.*”
Table 1 illustrates the studies investigating the effects of testosterone
supplementation in men with coronary disease.

In a recent review paper by Saad et al,’* the beneficial effects of
testosterone therapy on cardiovascular risk factors including on body
composition, lipids profile, glycaemic control and blood pressure were
described. They found that the beneficial effects of testosterone ther-
apy started to become apparent after 3 months of therapy onwards.
However, continuing benefit was observed with therapy up to 9
months in the case of improvements in blood pressure, 12 months
in the case of improved glycamemic control and up to 2 years in the
case of improved lipid profiles.

Despite historical concerns over testosterone therapy in aging
males, there is now a large and rapidly increasing body of evidence
suggesting that testosterone replenishment in men with cardiovascu-
lar disease is safe and effective. However, the effect of testosterone

replacement therapy on mortality and patient outcome will need to
be subject to large, prospective and randomized controlled trials. This,
surely, will be the next big step in this interesting area. With millions of
men affected by CAD worldwide, and a prevalence of hypogonadism
estimated at approximately one-quarter in this population, the
rewards for successfully replacing testosterone in affected males are
potentially very large indeed.

CONCERNS OVER TESTOSTERONE THERAPY IN MEN
Historically, there have been two main concerns regarding testoster-
one therapy in middle aged and older men. The first was the concern
that it might promote coronary heart disease and acute coronary
syndromes. The second was that testosterone supplementation might
promote prostate cancer. Hopefully, the current article has dealt with
the former concern and has brought reassurance regarding physio-
logical levels of testosterone and the male heart. In one recent inter-
ventional study of frail hypogonadal men, supraphysiological dosages
of testosterone replacement therapy was used in an attempt to
improve muscle strength.”®> The study showed that pharmacological
doses of testosterone significantly increased muscle strength, but the
trial was stopped early because of an excess of cardiovascular side
effects. The authors reported that 23 patients taking testosterone
had cardiovascular complications compared with five in the placebo
group and on this basis stopped the trial. Critical review of this paper
shows that in fact there were only six hard end points in the treatment
group compared with one in the placebo group. About half the group
had a history of cardiovascular disease and the rest had significant
cardiovascular risk factors. Our view is that this study showed that
men with hypogonadism should be treated only with physiological
doses of testosterone for true replacement therapy. The literature
showed that testosterone replacement should be managed in the same
way as thyroid hormone replacement. Replacement dosages should
aim to maintain normal physiological levels. If the Basaria trial had
been done in hypothyroid patients with high cardiovascular risk and
replacement had aimed at supra-physiological levels, the same (or
worse) results would have been seen.

The second concern is likely to be fuelled by the knowledge that
prostate cancer can be successfully treated by androgen suppressive
therapy. However, over the last decade, epidemiological and clinical
investigations have failed to demonstrate any association between
underlying testosterone levels and the risk of developing prostate
cancer. Similarly, no studies have demonstrated that lower than
normal testosterone levels are protective against developing prostate

Table 1 Review of all published studies of testosterone in men with angina (Channer et al., in press)

Author Drug dosage Primary study outcome n Result
Hamm?®® Variable 7 | Frequent angina
Walker®® Variable 9 1 Exercise tolerance
Sigler®” Low 16 1 Exercise duration
Lesser®® Low 92 Improvement in 85
Jaffe® Physiological Exercise test 50 | Segment depression
depression

Wu and Weng® Variable Holter 62 | Ischaemia on Holter
Rosano et al.>® High Exercise test 14 1 Time to ischaemia
Webb et al.%? High Exercise test 14 1 Time to ischaemia
English et al.®® Physiological Exercise test 46 1 Time to ischaemia
Thompson et al.”! High and physiological Exercise test Single photon emission 32 Neutral

computed tomography scan
Malkin et al.%® Physiological Exercise test 10 1 Time to ischaemia
Mathur et al.%” Physiological Exercise test 13 1 Time to ischaemia
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cancer.”*” In the study by English et al,®> where men with proven

angina were given trans-dermal testosterone, prostate-specific antigen
levels were monitored over the study period and did not change sig-
nificantly. Furthermore, testosterone levels decline with age as the
prevalence of prostate carcinoma rises—could it be normal and
physiological levels of testosterone that are in fact protective against
the development of prostate cancer? In men with prostate cancer,
testosterone therapy is clearly contra-indicated and lower levels of
testosterone are beneficial. However, to our knowledge, there is no
evidence supporting a causative role of testosterone supplementation
on the levels in the physiological normal range, with the risk of devel-
oping prostate cancer. In fact, in view of the data concerning low
testosterone and increased mortality, it has even been suggested that
testosterone suppressive therapy could be withheld from elderly men
with T1 to T2 localized prostate cancer due to reduced survival.”® Any
future trials looking at the effects of chronic testosterone therapy in
patients with coronary disease should monitor the effects on prostate-
specific antigen and look for any deleterious effects on the prostate
gland.

l.,65

DISCUSSION

In elderly and middle aged men with coronary disease, about one-
quarter will have testosterone deficiency and symptomatic hypogo-
nadism.*? In men with coronary disease, it remains unclear what role
testosterone deficiency might play in the aetiology and progression of
atherosclerosis or whether hypotestosteronaemia simply reflects
chronic illness and frailty. However, it has now been demonstrated
in several large longitudinal cohort studies of men with and without
coronary disease that low baseline testosterone is a significant risk
marker of increased all-cause and cardiovascular mortality. More
importantly, once hypogonadism is diagnosed, replacement therapy
has a beneficial anti-ischaemic effect, along with beneficial effects on
lipids, glucose metabolism, inflammatory cytokine profiles, lean body
mass, blood clotting profiles and patient well-being. Moreover, there
are no data suggesting that testosterone supplementation into the
normal physiological range leads to an increased risk of developing
prostate cancer. Hormone replacement is one of the central tenets of
endocrinology. Replacing testosterone in men is simple, cheap and
easy to monitor both clinically and biochemically. Are we failing to
treat a large population of men who would benefit from hormone
replacement therapy?

The next challenge in this interesting field of work will be to perform
large randomized controlled trials of testosterone replacement in men
with coronary artery disease.

Another unanswered question regards the possible role for screen-
ing men with coronary artery disease for hypogonadism. At least nine
out of the 10 ‘Wilson and Junger criteria’ for screening” are satisfied
by screening for hypogonadism in men with CAD. Studies estimate the
prevalence of symptomatic hypogonadism in men with coronary dis-
ease at approximately one-quarter (24%) and that these men have
poorer cardiovascular outcomes than those with normal androgen
levels. Worldwide, there are millions of men suffering from coronary
artery disease. This means that there may be a huge population of men
with symptomatic hypogonadism that would benefit from replace-
ment therapy, not only from a symptomatic and endocrine perspec-
tive, but also from improved cardiovascular outcomes.

Clearly, further research will be needed in:

1. bringing some standardisation and consistency to what mea-
surement of androgenisation should be used and what should
define hypogonadism and hypotestosteronaemia;

2. elucidating the long term cardiovascular effects of testosterone
therapy in men with coronary disease in large, prospective, ran-
domized, placebo controlled trials;

3.  elucidating any additional benefit in hypogonadal men with
coronary disease;

4. clarifying the safety of testosterone therapy in men with coronary
disease;

5.  investigating the role of screening for hypogonadism in men
with coronary disease.
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