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INVITED REVIEW

Controversies in testosterone replacement therapy:
testosterone and cardiovascular disease

Kathleen Hwang', Martin Miner?

The role of testosterone in the cardiovascular (CV) health of men is controversial. Data suggest that both the condition and treatment
of clinical hypogonadism is associated with decreased CV mortality; however, two recent studies suggest that hypogonadal subjects
treated with testosterone replacement therapy have a higher incidence of new CV events. There has been increased media attention
concerning the risk of CV disease in men treated with testosterone. Until date, there are no long-term prospective studies to
determine safety. Literature spanning over the past 30 years has suggested that not only is there a possible increased CV risk in
men with low levels of testosterone, but the benefits from testosterone therapy may even lower this risk. We review here the recent
studies that have garnered such intense scrutiny. This article is intended as a thorough review of testosterone levels and CV risk,
providing the clinician with the facts needed to make informed clinical decisions in managing patients with clinical hypogonadism.
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INTRODUCTION
Testosterone replacement therapy (TRT) is a well-established method
of managing men with testosterone deficiency, commonly referred to
as male hypogonadism, since it was first introduced in the mid-1930s.
Concerns over reports that castration or estrogen treatment designed to
lower testosterone to castrate levels, caused amelioration of metastatic
prostate cancer, and that TRT potentially activated prostate cancer led
to a significant decrease in the utilization of TRT to treat testosterone
deficiency until new formulations developed in the early 2000s and
improved ease and convenience of treatment. Treatment prior to this
period was reserved for the most severe cases of testosterone deficiency
such as in young men with pituitary etiologies of primary testicular failure
or testicular cancer survivors. However, over the past decade there has
been an exponential increase in the use of TRT. Recent reports have noted
a more than 3-fold increase in testosterone prescriptions over the past
decade. This is a result of increased physician and patient awareness of
hypogonadism as a disease process as well as the benefits of treatment
complemented by the increased convenience of testosterone formulations.
Hypgonadism is defined as a clinical syndrome, which comprises
both symptoms and biochemical evidence of testosterone deficiency.?
Clinical guidelines have provided some direction for normal levels
for testosterone, but differences in the measurement of testosterone
between assays and laboratories often lead to problems interpreting
these thresholds.? The diagnosis of hypogonadism remains controversial,
however, there has been a growing body of literature regarding
the negative impact of low testosterone on male health making it a
growing concern for many clinicians. There continue to be numerous
controversies associated with TRT, including cardiovascular
disease (CVD).

Recently, two studies reporting an increased CV risk in men who
received TRT have received significant media attention. Although a
substantial volume of literature over the past 30 years has suggested
that low testosterone concentrations are associated with CV risk and
that TRT has been show to offer significant therapeutic benefits, the
media has utilized these recent reports to promote the idea that TRT
is dangerous. These recent events have created a difficult situation for
clinicians and their patients.

Unfortunately, the recent reports linking TRT to CVD fail to
provide an objective and complete assessment and fail to show that TRT
increases CV risk. In the following paper, we examine the studies that
have gained recent attention regarding TRT and increased CV risk, in
addition to providing a broad review of the literature regarding TRT
in the setting of hypogonadism and decreased CV risk.

TESTOSTERONE AND MORTALITY STUDIES

There is supporting evidence from both clinical studies and those
investigating surrogate markers that there is a link between low
testosterone and CVD.** Furthermore, longitudinal epidemiological
studies and other clinical studies showed increased CV mortality
in men with testosterone deficiency.®® Of the studies reported
evaluating mortality, the major cause of increased mortality was mostly
attributable to CVD (Table 1).7°-%

In the Rancho-Bernardo study, 264/529 deaths were attributable
to CVD, which persisted after excluding deaths up to 5 years.” Low
total testosterone (TT) was associated with central obesity, insulin
resistance, hyperglycemia, blood pressure, and dyslipidemia as well as
emerging risk factors such as leptin and C-reactive protein (CRP). In
the European Prospective Investigation into Cancer in Norfolk-Norfolk
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Table 1: Impact of baseline testosterone levels on CVD mortality

Author, year (study name) Country  Population studied n Follow-up CVD mortality HR/OR for TT unless
indicated (95% Cl)
Smith et al.?? UK Population based 2512 16.5 years HR: 0.94 (0.80-1.11) (NS) IHD
Khaw et al. (EPIC-Norfolk)!! UK Population based 2314 7 years OR quintile 2, 3, 4 versus 1
CVD
0.89 (0.60-1.32)
0.60 (0.39-0.92)
0.52 (0.32-0.86)
CHD
0.71(0.43-1.17)
0.59 (0.39-1.00)
0.52 (0.28-0.97)
Araujo et al. (MMAS)*? USA Population based 1686 15.3 years RR FT: 0.80 (0.64-0.99), P=0.02 for trend
Laughlin et al. (Rancho-Bernardo study)® USA Population based 794 11.8 years HR: 1.38 (1.02-1.85)
Carrero et al.'’ Sweden Hemodialysis 126 41 months HR: 3.19 (1.49-6.83)
Vikan et al. (Tromso)*3 Norway  Population based 1568 11.2 years HR: FT: 1.24 (1.01-1.54)
Haring et al. (SHIP)’ Germany Population based 1954 7.2 years HR: 2.56 (1.15-6.52)
Menke et al. (NHANES)® USA Population based 1114 18 years HR: baseline-year 9
FT: 1.53 (1.05, 2.23)
TT: NS
Year 9-18: NS
Corona et al.*° Italy Erectile dysfunction 1687 4.3 years HR: 7.1 (1.8-28.6)
Malkin et al.*® UK CHD (-angiogram) 930 6-9 years HR BT: 2.2 (1.2-3.9)
T: 2.5 (1.2-5.3)
Haring et al.?° Germany CKD, albuminuria, kidney dysfunction 1822 9.9 years HR: 2.01 (1.21-3.34)
Kyriazis et al.'* Greece  Hemodialysis 111 37 months (median) HR: 2.92 (1.08-7.87)
Lerchbaum et al.'® Austria  Coronary angiography referrals 2069 7.7 years HR: 1.77 (1.23-2.55)
Hyde et al. (Health in men study)'® Australia Population based 4249 5.1 years HR: 1.71 (1.12-2.62)
Haring et al. (Framingham heart study)?* USA Population based 254 5 and 10 years HR: 0.74 (0.56-0.98)

TT: total testosterone; BT: bioavailable testosterone; FT: free testosterone; HR: hazard ratio; OR: odds ratio; NS: not significant; EPIC-Norfolk: European Prospective Investigation into
Cancer in Norfolk; MMAS: Massachusetts Male Aging Study; NHANES: Third National Health and Nutrition Examination Survey; SHIP: Study of Health in Pomerania; CHD: coronary
heart disease; CKD: chronic kidney disease; CV: cardiovascular; CVD: cardiovascular disease; Cl: confidence interval; IHD: ischemic heart disease; RR: relative risk

study, the quartile of men with the lowest testosterone levels had the
shortest survival, and the quartile with the highest testosterone levels
showed the longest survival;'! 369/825 deaths were due to CVD, which
persisted after age and covariate adjustment. It is also of interest that a
subgroup of men who received treatment to normalize their decrease
in their testosterone levels had the same survival as those of men who
had a normal testosterone level. This study concluded that endogenous
testosterone levels are inversely related to body mass index (BMI),
waist-hip ratio and prevalence of type 2 diabetes.

DECREASED TESTOSTERONE AND MARKERS OF
CARDIOVASCULAR MORTALITY
Clinicians and investigators have identified clinical and biochemical
markers that are shown to be increased risk factors for CVD. These
include increased BMI, altered serum lipid levels and coagulation
profiles, high blood pressure, insulin resistance, and increased
inflammation.”® One example is CRP, an inflammatory marker,
where one study looking at the relationship between testosterone
concentrations and high sensitivity CRP noted that lower levels of
serum testosterone were associated with the highest levels of CRP.*
The severity of coronary heart disease (CHD) as evaluated
by >75% stenosis of one, two, and three vessels was associated with
significantly higher serum interleukin-1p and lower interleukin-10 and
lower testosterone levels. Decreased testosterone levels are related
to increased atherosclerosis, especially of the carotid arteries. Carotid
intima media thickness (CIMT), a surrogate marker for the degree of
in vivo atherosclerosis is commonly used as a subclinical marker and
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a common outcome measure in most studies on disease progression
and effects of treatment including testosterone supplementation. One
study demonstrated that after a 4-year follow-up period, men who
were in the lower tertile of testosterone had the greatest increase of
CIMT.* Low testosterone levels were related to CIMT independent
of other CV risk factors, and a reduction of CIMT is demonstrated in
response to TRT.*%

Testosterone levels in the acute setting may also predict clinical
outcomes after a coronary event. In 126 consecutive male patients
admitted with acute myocardial infarction (MI), a recent study
demonstrated that low testosterone levels on admission were
independently related to higher mortality after 30 days.?® A prospective
cohort study evaluated a consecutive series of 1687 men seen at an
Andrology Clinic and found that low testosterone levels were associated
with a higher mortality from major adverse CV events.?

Testosterone and mortality in diabetes

Low testosterone is associated with insulin resistance, metabolic
syndrome, and type II diabetes mellitus (DM).* This direct effect on
insulin sensitivity has been demonstrated experimentally and thought
to be mediated via mitochondrial function.” A recent study evaluated
the effect of baseline testosterone on mortality in men with type II
DM over a mean follow-up period of 5.8 years.® Men with a low
baseline TT (<10.4 nmol I"!) had an increased risk of death compared
to testosterone levels above these cut-off levels. A significant increased
risk of CV mortality was found in men with a TT <8.4 nmol I"' when
deaths within the first 6 months were excluded.



Another study evaluated the issue of insulin resistance and looked
at diet and exercise program alone versus in combination with TRT in
men with type II DM. They reported that a diet and exercise program
only resulted in a reduction in HbAlc levels by 0.5% at the end of
1 year, whereas the combination with TRT had a 1.2% reduction.*

MORBIDITY AND MORTALITY IN INDUCED ANDROGEN
DEFICIENCY
Androgen deprivation therapy (ADT) has been the standard treatment
for advanced prostate cancer and induces a profound hypogonadism,
with many of these men experiencing changes in body composition
such as a decrease in lean muscle mass and an increase in body fat
mass.* This has been linked to an increased risk of CV events and even
sudden death.* One of the largest studies to date, where 73,196 men
with localized prostate cancer in which one-third were treated with
ADT and the rest were not treated and monitored for progression of
their disease, were followed for up to 10 years.”> ADT was associated
with an increased risk of incident DM, CHD, MI and sudden death.
In men with DM who were treated with ADT for their prostate
cancer, there was an increase in plasminogen activator inhibitor 1 and
fibrinogen levels, which suggests the induction of pro-coagulation
factors in these patients. These observations strongly suggest that ADT
induces metabolic changes that may contribute to the pathophysiology
of CVD.*

TESTOSTERONE REPLACEMENT THERAPY AND EFFECTS
ON MORBIDITY AND MORTALITY
Testosterone replacement therapy is associated with improvements
in many domains of sexual function, improvements in bone mineral
density, reduced body fat mass, improved muscle mass and strength,
and a possible positive effect on lipid levels and glucose control."*’
Studies suggest that TRT may even be cardio-protective, where stress
test and ST-segment depression is attenuated in men being treated
with testosterone, suggesting that TRT may promote vasodilation.*®

Two studies have now been published directly examining the effect
of TRT in men with hypogonadism. The first,* analyzed 1031 male
veterans greater than 40 years of age who were found to have low
testosterone <8.7 nmol I"! (250 ng dl™"). They compared survival rates
in those who had received TRT and those who had not and found that
TRT significantly reduced mortality over a mean follow-up period of
40.5 months. The mortality in men receiving TRT was 10.3% compared with
20.7% in untreated men (P < 0.0001). Even after multivariate adjustment,
testosterone treatment was associated with a decreased risk of death.

The second study examined retrospectively the effect of TRT
for hypogonadism on all-cause mortality in men with type II DM
and found significant survival benefits.”’ TRT was associated with a
reduced mortality of 8.4% compared to 19.2% in the untreated group.
They concluded that testosterone replacement may improve survival
in hypogonadal men with type II DM (Figure 1).

Treatment with TRT in men with testosterone deficiency showed
significant progressive reductions in BMI, weight loss and decreases
in waist circumference, which were maintained for at least 30 weeks.*

Testosterone replacement therapy and cardiovascular safety
Systematic meta-analyses have not found any adverse effects of
testosterone replacement associated with an increase in CV events.*~*
However, recent reports link TRT to increased CVD and have generated
significant debate and controversy over the true impact of testosterone
therapy on CVD.

The first of these reports is a retrospective cohort study of men
in the Veterans Affairs system in most men with CHD evident
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Figure 1: Testosterone deficiency in patients with diabetes is associated with
increased mortality.

at angiography.* Among men with pretreatment testosterone
levels <300 ng dl”, the authors reported an increased rate of heart
attacks, strokes, and deaths in men who received a testosterone
prescription compared with men who did not receive a prescription.
There were no significant differences in CV events noted for any year
of follow-up, however, the overall event curves demonstrate a 29%
increase in CV events among men on TRT.

This was a heavily flawed study for many reasons. Firstly, once a
subject was started on TRT, it was assumed that treatment continued.
In fact, 17.6% had only one prescription. Secondly, no data on the
diagnosis of hypogonadism, which should include the presence of
symptoms as well as low testosterone levels, were presented. Thirdly, in
analyzing this article more closely, raw data showed the percentage of
men who suffered a CV event was actually lowered by approximately
half for the men receiving TRT compared with the no-testosterone
group (10.1% vs 21.2%). Statistical analysis using over 50 variables
then suggested the opposite result. Furthermore, 1132 subjects with
MI or stroke, which were given testosterone after these events, were
excluded from the analysis. Without that exclusion, the rate of events
in the no-treatment group would have been increased by 71%,
critically changing the reported results. Therefore, a safe conclusion
cannot be made without providing further statistically significant data
addressing the concern that increased testosterone prescriptions results
in increased CV events.

As second study, collected data retrospectively from a health-care
insurance claims data base following 55,593 prescriptions for
testosterone by querying for diagnosis codes, procedure codes, and
prescription reports.* The authors reported an increased risk of nonfatal
MIs in the 3 months after the prescriptions were issued compared to
the prior 12 months in these patients and also with a cohort of men
treated with phosphodiesterase type 5 inhibitors (PDE5i). Comparing
the pre- and post-prescription rates for PDE5i they reports no increase
in MI following the issuance of the prescription. Subgroup analysis
revealed increased risk of MI with men over the age of 65 years without
a prior history of CVD, and for men less than 65 years with a prior
history of CVD. They concluded that the risk of MI is substantially
increased in older men and in younger men with preexisting, known
CVD.

There are several weaknesses in this study with no data on whether
or not hypogonadism had been diagnosed or even if the testosterone
levels were measured pretreatment, no evidence on if the patients
even took the medication, or any evidence to suggest compliance or
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monitoring of testosterone levels on treatment, hematocrit, or PSA
levels. The risk of MI with testosterone prescriptions was remarkably
low. The preprescription rate was 3.48 per 1000 person-years, and the
postprescription rate was 4.75 per 1000 person-years. The excess of
non-fatal MI was therefore 1.27 events for every 1000 person-years.
The difference is clinically insignificant, and unlikely to be reproducible.

Comparison of the MI rates in the PDE5i group is misleading
and provides little to no useful information, as these groups are too
dissimilar. The authors suggest that the lack of increased MI rate with
PDES5i means that the increase in MIs noted with the testosterone
prescription group implicates TRT as a CV risk. All of these concerns
additively render any conclusions regarding TRT for subgroups
questionable and unreliable.

Several other trials have examined the impact of TRT in men with
either proven coronary artery disease or moderate chronic heart failure
between 3 and 12 months.***%*" The trials have not reported any more
CV events compared with the placebo groups, and in fact have overall
found benefits. For example, one study reported that testosterone
therapy improved functional exercise capacity and VO, _in men with
chronic heart failure.*

Baillargeon et al. investigated 25,420 US Medicare recipients 65 years
and older. In this study, a cohort of 6355 men treated with at least one
injection of testosterone between January 1, 1997, and December 31,
2005 were matched to 19,065 testosterone nonusers at a 1:3 ratio based
on a composite MI prognostic score. A significant trend towards reduced
MI rates with T administration was noted with increasing quartiles
of risk. For men in the highest prognostic MI risk quartile, treatment
with T therapy was associated with significantly reduced risk (hazard
ratio = 0.69; 95% confidence interval = 0.53-0.92).%%

It should be noted that Xu et al.* published the only one of several
prior meta-analyses and systematic reviews to suggest any increased
risk with TRT. As with all meta-analyses, the results are influenced
greatly by the definitions of endpoints of interest, and the selection of
studies. The authors specifically included only studies in which one or
more CV events were reported, meaning that studies without any CV
events were excluded. This selection process exaggerates the apparent
rate of events, and distorts absolute differences in event rates between
groups. In addition, just two of the 27 studies contributed 35% of all
CV events in the T arm.

The disproportionate influence of these two studies on the outcome
of the meta-analysis merits closer scrutiny. One is the study by
Basaria et al.* discussed above, in which 18 of 23 events (incorrectly
reported as 25 events by Xu et al.) would not normally be included
in reporting of CV events. The other is a 1986 Copenhagen study in
which a nonapproved oral formulation of micronized testosterone
was administered at a remarkably high dose of 600 mg daily to
men with cirrhosis of the liver, resulting in serum testosterone
concentrations exceeding 4000 ng dI™' (approximately 140 nmol 1)
in a quarter of the testosterone group, and with levels reaching as high
as 21,000 ng dI™! (745 nmol 1), a value approximately 20 times the
upper limit of the normal range. Since these oral forms of testosterone
are known to cause liver toxicity via a first-pass effect, it should be
no surprise that markedly supraphysiologic T doses in a hepatically
compromised population would prove harmful. Moreover, the authors
appear to have categorized any bleeding event as “CV;” including the
most frequently observed cause of death in this study, that is, bleeding
from esophageal varices. Only 1 MI was noted in the trial. This trial
has little relevance to the question at hand: does testosterone repletion
cause increased risk of CV events, and its inclusion in a meta-analysis
of this type may lead to misleading results.
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Recently, Corona et al.>' published a meta-analysis of 75 studies,
compared with the 27 analyzed by Xu et al. They found no significant
association between T therapy and CV events. The results of Xu et al.
are contradicted by several other meta-analyses, and their results appear
due to inclusion of questionable events and studies.

CONCLUSIONS

Testosterone deficiency is associated with a poorer quality of life,
reduced physical strength and lean muscle mass, fatigue among many
other symptoms and clinical parameters that may lead to earlier
mortality. Until date, there has not been a single study that has provided
definitive evidence to support the concern that TRT increases CV
risk. Contrary to this, most studies noted in this and other reviews
suggest that both low endogenous testosterone levels and testosterone
deficiency syndrome in men are associated with increased CV risk and
events. In addition, TRT appears to decrease this risk, perhaps through
modification and improvement of CV risk factors.

AUTHOR CONTRIBUTIONS

KH and MM completed literature search and review, were both
involved in drafting the manuscript and critically revising it, and have
given final approval of the version to be published.

COMPETING FINANCIAL INTERESTS
KH: no competing financial interests. MM: Consultant for Abbvie
and Lipocine.

REFERENCES

1 Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM, Snyder PJ, et al. Testosterone
therapy in men with androgen deficiency syndromes: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab 2010; 95: 2536-59.

2 Wang C, Nieschlag E, Swerdloff R, Behre HM, Hellstrom WJ, et al. Investigation,
treatment, and monitoring of late-onset hypogonadism in males: ISA, ISSAM, EAU,
EAA, and ASA recommendations. J Andro/ 2009; 30: 1-9.

3 Rosner W, Vesper H, Endocrine Society, American Association for Clinical Chemistry,
American Association of Clinical Endocrinologists, et al. Toward excellence in
testosterone testing: a consensus statement. J Clin Endocrinol Metab 2010;
95: 4542-8.

4 Jones TH, Saad F. The effects of testosterone on risk factors for, and the mediators
of, the atherosclerotic process. Atherosclerosis 2009; 207: 318-27.

5 Araujo AB, Dixon JM, Suarez EA, Murad MH, Guey LT, et al. Clinical review:
endogenous testosterone and mortality in men: a systematic review and
meta-analysis. J Clin Endocrinol Metab 2011; 96: 3007-19.

6  English KM, Mandour O, Steeds RP, Diver MJ, Jones TH, et al. Men with coronary
artery disease have lower levels of androgens than men with normal coronary
angiograms. Eur Heart J 2000; 21: 890-4.

7  Haring R, Volzke H, Steveling A, Krebs A, Felix SB, et al. Low serum testosterone
levels are associated with increased risk of mortality in a population-based cohort
of men aged 20-79. Eur Heart J 2010; 31: 1494-501.

8 WehrE, PilzS, Boehm BO, Grammer TB, Marz W, et al. Low free testosterone levels
are associated with all-cause and cardiovascular mortality in postmenopausal diabetic
women. Diabetes Care 2011; 34: 1771-7.

9  Laughlin GA, Barrett-Connor E, Bergstrom J. Low serum testosterone and mortality
in older men. J Clin Endocrinol Metab 2008; 93: 68-75.

10 Corona G, Monami M, Boddi V, Cameron-Smith M, Fisher AD, et al. Low testosterone
is associated with an increased risk of MACE lethality in subjects with erectile
dysfunction. J Sex Med 2010; 7: 1557-64.

11 Khaw KT, Dowsett M, Folkerd E, Bingham S, Wareham N, et al. Endogenous
testosterone and mortality due to all causes, cardiovascular disease, and cancer
in men: European Prospective Investigation into Cancer In Norfolk (EPIC-Norfolk)
Prospective Population Study. Circulation 2007; 116: 2694-701.

12 Araujo AB, Kupelian V, Page ST, Handelsman DJ, Bremner WJ, et al. Sex steroids
and all-cause and cause-specific mortality in men. Arch Intern Med 2007;
167: 1252-60.

13 Vikan T, Schirmer H, Njglstad |, Svartberg J. Endogenous sex hormones and the
prospective association with cardiovascular disease and mortality in men: the Tromsg
Study. Eur J Endocrinol 2009; 161: 435-42.

14 Kyriazis J, Tzanakis |, Stylianou K, Katsipi |, Moisiadis D, et al. Low serum
testosterone, arterial stiffness and mortality in male haemodialysis patients. Nephrol
Dial Transplant 2011; 26: 2971-7.



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Lerchbaum E, Pilz S, Boehm BO, Grammer TB, Obermayer-Pietsch B, et al.
Combination of low free testosterone and low vitamin D predicts mortality in older
men referred for coronary angiography. Clin Endocrinol (Oxf) 2012; 77: 475-83.
Hyde Z, Norman PE, Flicker L, Hankey GJ, Almeida OP, et al. Low free testosterone
predicts mortality from cardiovascular disease but not other causes: the health in
men study. J Clin Endocrinol Metab 2012; 97: 179-89.

Carrero JJ, Qureshi AR, Parini P, Arver S, Lindholm B, et al. Low serum testosterone
increases mortality risk among male dialysis patients. J/ Am Soc Nephrol 2009;
20: 613-20.

Menke A, Guallar E, Rohrmann S, Nelson WG, Rifai N, et al. Sex steroid hormone
concentrations and risk of death in US men. Am J Epidemiol 2010; 171: 583-92.
Malkin CJ, Pugh PJ, Morris PD, Asif S, Jones TH, et al. Low serum testosterone and
increased mortality in men with coronary heart disease. Heart 2010; 96: 1821-5.
Haring R, Nauck M, Vdlzke H, Endlich K, Lendeckel U, et al. Low serum testosterone
is associated with increased mortality in men with stage 3 or greater nephropathy.
Am J Nephrol 2011; 33: 209-17.

Haring R, Teng Z, Xanthakis V, Coviello A, Sullivan L, et al. Association of sex
steroids, gonadotrophins, and their trajectories with clinical cardiovascular disease
and all-cause mortality in elderly men from the Framingham Heart Study. Clin
Endocrinol (Oxf) 2013; 78: 629-34.

Smith GD, Ben-Shlomo Y, Beswick A, Yarnell J, Lightman S, et al. Cortisol,
testosterone, and coronary heart disease: prospective evidence from the Caerphilly
study. Circulation 2005; 112: 332-40.

Saad F. Androgen therapy in men with testosterone deficiency: can testosterone
reduce the risk of cardiovascular disease? Diabetes Metab Res Rev 2012;
28 Suppl 2: 52-9.

Kaplan SA, Johnson-Levonas AO, Lin J, Shah AK, Meehan AG. Elevated high
sensitivity C-reactive protein levels in aging men with low testosterone. Aging Male
2010; 13: 108-12.

Nettleship JE, Pugh PJ, Channer KS, Jones T, Jones RD. Inverse relationship between
serum levels of interleukin-1beta and testosterone in men with stable coronary artery
disease. Horm Metab Res 2007; 39: 366-71.

Muller M, van den Beld AW, Bots ML, Grobbee DE, Lamberts SW, et al. Endogenous
sex hormones and progression of carotid atherosclerosis in elderly men. Circulation
2004; 109: 2074-9.

Aversa A, Bruzziches R, Francomano D, Rosano G, Isidori AM, et al. Effects of
testosterone undecanoate on cardiovascular risk factors and atherosclerosis in
middle-aged men with late-onset hypogonadism and metabolic syndrome: results
from a 24-month, randomized, double-blind, placebo-controlled study. J Sex Med
2010; 7: 3495-503.

Militaru C, Donoiu |, Dracea O, lonescu DD. Serum testosterone and short-term
mortality in men with acute myocardial infarction. Cardiol J 2010; 17: 249-53.
Kapoor D, Goodwin E, Channer KS, Jones TH. Testosterone replacement therapy improves
insulin resistance, glycaemic control, visceral adiposity and hypercholesterolaemia in
hypogonadal men with type 2 diabetes. Eur J Endocrinol 2006; 154: 899-906.
Pitteloud N, Mootha VK, Dwyer AA, Hardin M, Lee H, et al. Relationship between
testosterone levels, insulin sensitivity, and mitochondrial function in men. Diabetes
Care 2005; 28: 1636-42.

Muraleedharan V, Marsh H, Kapoor D, Channer KS, Jones TH. Testosterone deficiency
is associated with increased risk of mortality and testosterone replacement improves
survival in men with type 2 diabetes. Eur J Endocrinol 2013; 169: 725-33.
Corona G, Monami M, Rastrelli G, Aversa A, Sforza A, et al. Type 2 diabetes mellitus
and testosterone: a meta-analysis study. /nt J Androl 2011; 34: 528-40.

Smith MR, Lee H, Nathan DM. Insulin sensitivity during combined androgen blockade
for prostate cancer. J Clin Endocrinol Metab 2006; 91: 1305-8.

Levine GN, D’Amico AV, Berger P, Clark PE, Eckel RH, et al. Androgen-deprivation
therapy in prostate cancer and cardiovascular risk: a science advisory from the

Testosterone and cardiovascular disease
K Hwang and M Miner

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

American Heart Association, American Cancer Society, and American Urological
Association: endorsed by the American Society for Radiation Oncology. CA Cancer
J Clin 2010; 60: 194-201.

Keating NL, O'Malley AJ, Smith MR. Diabetes and cardiovascular disease during
androgen deprivation therapy for prostate cancer. J Clin Oncol 2006; 24: 4448-56.
D’Amico AV, Denham JW, Crook J, Chen MH, Goldhaber SZ, et al. Influence of
androgen suppression therapy for prostate cancer on the frequency and timing of
fatal myocardial infarctions. J Clin Oncol 2007; 25: 2420-5.

Isidori AM, Giannetta E, Greco EA, Gianfrilli D, Bonifacio V, et al. Effects of
testosterone on body composition, bone metabolism and serum lipid profile in
middle-aged men: a meta-analysis. Clin Endocrinol (Oxf) 2005; 63: 280-93.
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: 1906-11.

Shores MM, Smith NL, Forsberg CW, Anawalt BD, Matsumoto AM. Testosterone
treatment and mortality in men with low testosterone levels. J Clin Endocrinol
Metab 2012; 97: 2050-8.

Kalinchenko SY, Tishova YA, Mskhalaya GJ, Gooren LJ, Giltay EJ, et al. Effects
of testosterone supplementation on markers of the metabolic syndrome and
inflammation in hypogonadal men with the metabolic syndrome: the double-blinded
placebo-controlled Moscow study. Clin Endocrinol (Oxf) 2010; 73: 602-12.
Haddad RM, Kennedy CC, Caples SM, Tracz MJ, Bolofia ER, et al. Testosterone and
cardiovascular risk in men: a systematic review and meta-analysis of randomized
placebo-controlled trials. Mayo Clin Proc 2007; 82: 29-39.

Fernandez-Balsells MM, Murad MH, Lane M, Lampropulos JF, Albuquerque F, et al.
Clinical review 1: adverse effects of testosterone therapy in adult men: a systematic
review and meta-analysis. J Clin Endocrinol Metab 2010; 95: 2560-75.

Carson CC 3, Rosano G. Exogenous testosterone, cardiovascular events, and
cardiovascular risk factors in elderly men: a review of trial data. J Sex Med 2012;
9: 54-67.

Vigen R, O’'Donnell ClI, Barén AE, Grunwald GK, Maddox TM, et al. Association of
testosterone therapy with mortality, myocardial infarction, and stroke in men with
low testosterone levels. JAMA 2013; 310: 1829-36.

Finkle WD, Greenland S, Ridgeway GK, Adams JL, Frasco MA, et al. Increased risk
of non-fatal myocardial infarction following testosterone therapy prescription in men.
PLoS One 2014; 9: e85805.

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

Caminiti G, Volterrani M, lellamo F, Marazzi G, Massaro R, et al. Effect of long-acting
testosterone treatment on functional exercise capacity, skeletal muscle performance,
insulin resistance, and baroreflex sensitivity in elderly patients with chronic heart
failure a double-blind, placebo-controlled, randomized study. J Am Coll Cardiol
2009; 54: 919-27.

Baillargeon J, Urban RJ, Kuo YF, Ottenbacher KJ, Raji MA, et al. Risk of myocardial
infarction in older men receiving testosterone therapy. Ann Pharmacother 2014;
48:1138-144.

Xu L, Freeman G, Cowling BJ, Schooling CM. Testosterone therapy and cardiovascular
events among men: a systematic review and meta-analysis of placebo-controlled
randomized trials. BMC Med 2013; 11: 108.

Basaria S, Coviello AD, Travison TG, Storer TW, Farwell WR, et al. Adverse events
associated with testosterone administration. N Engl J Med 2010; 363: 109-22.
Corona G, Maseroli E, Rastrelli G, Isidori AM, Sforza A, et al. Cardiovascular
risk associated with testosterone-boosting medications: a systematic review and
meta-analysis. Expert Opin Drug Saf 2014; 13: 1327-51.

@ Asian Journal of Andrology



