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Abstract

Two recent studies raised new concerns regarding cardiovascular (CV) risks with testosterone (T) therapy.
This article reviews those studies as well as the extensive literature on T and CV risks. A MEDLINE search
was performed for the years 1940 to August 2014 using the following key words: testosterone, androgens,
human, male, cardiovascular, stroke, cerebrovascular accident, myocardial infarction, heart attack, death, and
mortality. The weight and direction of evidence was evaluated and level of evidence (LOE) assigned. Only
4 articles were identified that suggested increased CV risks with T prescriptions: 2 retrospective analyses
with serious methodological limitations, 1 placebo-controlled trial with few major adverse cardiac events,
and 1 meta-analysis that included questionable studies and events. In contrast, several dozen studies have
reported a beneficial effect of normal T levels on CV risks and mortality. Mortality and incident coronary
artery disease are inversely associated with serum T concentrations (LOE Ila), as is severity of coronary
artery disease (LOE Ila). Testosterone therapy is associated with reduced obesity, fat mass, and waist
circumference (LOE Ib) and also improves glycemic control (LOE Ila). Mortality was reduced with T
therapy in 2 retrospective studies. Several RCTs in men with coronary artery disease or heart failure re-
ported improved function in men who received T compared with placebo. The largest meta-analysis to
date revealed no increase in CV risks in men who received T and reduced CV risk among those with
metabolic disease. In summary, there is no convincing evidence of increased CV risks with T therapy. On
the contrary, there appears to be a strong beneficial relationship between normal T and CV health that has

not yet been widely appreciated.
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n November 2013 and January 2014, 2

studies were published reporting increased

cardiovascular (CV) risks in men who
received  testosterone (T)  prescriptions.’
These articles gained wide media attention. Me-
dia coverage of these studies was frequently
combined with data indicating rapidly in-
creased sales of T products,”” raising concerns
that the pharmaceutical industry was promot-
ing a treatment associated with important risks.
This view was captured best by a New York
Times editorial entitled “Overselling Testos-
terone, Dangerously.””

The impact of these studies on patient man-
agement and the ensuing public attention has
been substantial. Men discontinued treatment,
occasionally criticizing their physicians for put-
ting their health at risk; some physicians stopped
prescribing T products, and others warned
against treatment of T deficiency (TD) (also
called hypogonadism or, more casually, low T).
The Endocrine Society issued a statement

cautioning against the use of T therapy in older
men and in men with a history of coronary ar-
tery disease (CAD).” The US Food and Drug
Administration (FDA) announced plans to re-
view the CV safety of T products 2 days after
publication of the second article.” Plaintiff attor-
neys began a nationwide campaign seeking cases
of myocardial infarctions (MIs) and strokes in
men who had used T products for a class action
lawsuit. These concerns thrust T therapy into
the news, where the reported CV risks anchored
a variety of unrelated concerns regarding other
aspects of T therapy, such as overuse and abuse,
false claims by antiaging medicine, profiteering
by low-T clinics, and the failure of men to accept
the rigors of natural aging.

It is beyond the scope of this article to
address these various issues. Instead, we wish
to address the key scientific question, namely,
whether T therapy is associated with increased
CV risks. This review encompasses an analysis
of the literature previously submitted by us to
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the FDA and to the European Medicines
Agency to assist with their own investigations
of this topic. This article provides in-depth
analysis of studies suggesting increased CV
risks with T therapy, a historical perspective,
and a systematic literature review. Because of
the large number of studies reviewed, much
of the information is presented in tables, with
text limited to summaries of data.

There are no large, long-term, placebo-
controlled randomized clinical trials in the
field of T therapy to provide definitive conclu-
sions about CV risk. Nonetheless, there exists
a rich literature spanning many decades that
provides valuable information. As described
in more detail subsequently, the 2 recent arti-
cles contradict this literature, and on careful
review, neither provides credible evidence of
increased CV risks. Only 2 additional studies
are generally cited as support for that view.
In contrast, many dozens of studies, including
a modest number of randomized controlled
trials (RCTs), indicate that low serum T con-
centrations are associated with increased CV
risk and mortality and that T therapy may
have clinically relevant CV benefits. This last
point will be new to many readers. A recently
published meta-analysis of 75 placebo-
controlled studies, the largest to date, found
no evidence of increased CV risk with T ther-
apy and clear evidence of improved metabolic
profiles.” Given the personal suffering of men
with TD as well as the public health burden of
TD, the recent controversy regarding T and
CV disease presents an important opportunity
to understand the science underlying this crit-
ical medical issue.

BACKGROUND

Testosterone deficiency is a clinical syndrome
characterized by a set of signs and symptoms
in combination with low serum T concentra-
tions.”'” Symptoms include decreased libido,
erectile dysfunction, difficulty achieving orgasm,
reduced intensity of orgasm, fatigue, decreased
energy, depressed mood, Iirritability, and
decreased sense of well-being. Objective signs
include anemia, decreased bone density,
reduced muscle strength and mass, increased
body fat mass (both visceral and total), and
weight gain.”'” Androgen deprivation therapy,
used in the treatment of advanced prostate can-
cer, causes profound TD and is associated with

negative changes in body composition as well
as increased risk of incident diabetes mellitus.""
The goal of T therapy is to alleviate symptoms
and signs by restoring T concentrations to
optimal levels within the physiologic range.

Established benefits of T therapy in hypo-
gonadal men include improved sexual desire
and function,'”"” improved energy, mood,
and vitality,ﬁ’lg increased lean mass,' %%
decreased waist circumference,”” " reduced
total body fat mass,'”? and increased bone
mineral density.”*”" Promising new data
reveal that T therapy improves insulin sensi-
tivity’” " and reduces blood glucose™”*””’
and hemoglobin A, (HbA,)* 7% levels
in men with type 2 diabetes or obesity.

Biochemical confirmation of TD has tradi-
tionally been made on the basis of low serum
concentrations of total T (TT). Although no spe-
cific value reliably distinguishes men who will
respond to treatment from those who will not,
recommended thresholds for low TT range
from 300 ng/dL (10.4 nmol/L)” to 400 ng/dL
(13.9 nmol/L).”° Because a majority of circu-
lating T is rendered biologically unavailable
due to tight binding to sex hormone—binding
globulin (SHBG), the unbound fraction called
free T and/or the portion of T weakly bound to
albumin may be more indicative of a man’s
true androgen status.’” " These 2 fractions
together represent bioavailable T. Men with
high-normal or elevated SHBG concentrations
may have TT concentrations within the normal
range yet may still have TD due to reduced
free T concentrations. This issue may be partic-
ularly relevant for older men because SHBG
levels increase with age.”” Levels below 65 to
100 pg/mL (<174-288 pmol/L) for calculated
free T and 0.8 to 1.5 ng/dL (27-52 pmol/L) for
directly measured free T have been used clini-
cally to identify men who are candidates for
treatment. %27 However, laboratory-
provided reference ranges are problematic
because they are not clinically based and
vary widely between assays, and even among
laboratories using the same assays.”'

The prevalence of symptomatic TD ranges
from 2.1% to 12.8% in middle-aged to older
men, with an incidence of 12 new cases per
1000 person-years in the United States and
Europe.” Populations at high risk for low
serum T levels include men with type 2 dia-
betes, obesity, chronic obstructive pulmonary
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disease, infection with human immunodefi-
ciency virus, and chronic opioid use, all with
prevalence rates greater than 30%."”
Prescription rates for T products have
increased  substantially over the past
decade.” "’ This increase has led to concerns
that T products are overprescribed because of
aggressive marketing. However, as recently as
2007, the FDA indicated that as few as 5%
of the hypogonadal population was treated,””
with other studies reporting similarly low
treatment rates.”” The increase in T prescrip-
tions seems to have resulted from increased
awareness of TD and the benefits of T therapy
among both physicians and patients, coupled
with reduced concern regarding prostate can-
cer risk.”” Although it has been asserted that
direct-to-consumer marketing is responsible
for this growth, the evidence would suggest
otherwise, as 2010 industry data failed to
include any T products within the 25 most-
marketed drugs in the United States.””
Whereas it was once believed that TD
only occurred in association with several
rare disorders, such as pituitary tumors, Kli-
nefelter syndrome, or mumps orchitis, it is
now understood that TD is common and often
idiopathic. Symptoms and signs result directly
from reduced serum concentrations of T,
regardless of etiology, and can be induced exper-
imentally in healthy volunteers of all ages simply
by reducing serum T concentrations.”” The rela-
tively high prevalence of TD in middle-aged and
older men has given rise to the concept of male
menopause, or andropause. Although these terms
have some conceptual appeal, TD differs impor-
tantly from menopause in that most men are un-
affected, and the onset is gradual over an
extended time course.” In addition, the age-
related decline in serum T is relatively small,””
and much of the decline can be attributed to co-
morbid conditions such as obesity.”” ™" At this
time, there are insufficient data to support T
therapy for disease prevention or antiaging.
Testosterone therapy has been in use for
more than 70 years for the treatment of TD,””
and several of the earliest reports documented
benefits specifically for CV disease. From the
late 1930s into the 1950s, several studies re-
ported marked benefits of T therapy in patients
with peripheral vascular disease’””* and angina
pectoris.”” " Lesser’” described 100 consecu-
tive patients (92 men and 8 women) ranging
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from 34 to 77 years of age with angina pectoris
who received T therapy with follow-up ranging
from a few months to 5 years. Improvement was
noted in 91%, with no appreciable improve-
ment in patients treated with placebo.”

A wealth of modern data accumulated over
the past 2 decades has generally revealed that a
low serum T level is associated with increased
risks of atherosclerosis, CV risk factors, and
mortality and that T therapy has beneficial ef-
fects on multiple risk factors and risk biomarkers
related to these clinical conditions. Notably, TD
has been projected to be involved in the devel-
opment of approximately 1.3 million new cases
of CV disease, 1.1 million new cases of diabetes,
and over 600,000 osteoporosis-related frac-
tures.”” Over a 20-year period, TD has been
estimated to be directly responsible for ap-
proximately $190 to $525 billion in inflation-
adjusted US health care expenditures.”’ In
addition, longitudinal models predict increased
outpatient visits and costs related to low base-
line serum T levels independent of socioeco-
nomic and lifestyle factors; even when
controlling for age, men aged 20 to 79 years at
baseline with low serum T levels had 29%
more outpatient visits and 38% higher outpa-
tient costs at 5-year follow-up.”’

Numerous intervention studies have consis-
tently found improvements in CV risk factors
such as fat mass, obesity, waist circumference,
blood pressure, and glycemic control. These
important findings provide a reasonable biolog-
ical mechanism to explain the frequently
observed outcome of increased mortality among
men with the lowest quartiles or quintiles of
serum T or with frank TD.®”®® Importantly,
TD in older men is associated with increased
risk of death during the 20 years after diagnosis,
independent of multiple traditional risk factors
and several preexisting health conditions.””"’

Small randomized, placebo-controlled T
trials have documented reduction in carotid
intima-media thickness with T therapy, raising
the possibility that normalizing serum T may
actually cause reversal of atherosclerosis in crit-
ical vascular beds. Moreover, 2 studies pub-
lished within the past 2 years, one in a
Veterans Administration population”” and the
other in diabetic men,”” found mortality
reduced by half in men with TD who received
T prescriptions compared with similar men
who did not, It was therefore surprising that
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publication of 2 retrospective studies reporting
increased risks of CV adverse events would
cause such great concern. In one of these
studies, Vigen et al' reported increased rates of
MIs, strokes, and deaths in men who received
T prescriptions compared with untreated men;
this study used unvalidated statistical methodol-
ogy that reversed the raw data, which actually
revealed that the percentage of adverse events
in T-treated men was lower by half compared
with untreated men.”" Large data errors revealed
postpublication led to a call for retraction by no
less than 29 medical societies.”” The second
study by Finkle et al’ reported an increased
rate of nonfatal MI up to 90 days after receipt
of a T prescription compared with the previous
12 months. However, MI rates postprescription
were low, there was no control group, and meth-
odological issues again rendered the study re-
sults highly questionable.”’

In response to the publication of these 2
studies and their attendant publicity, the
FDA' announced its intention to review CV
risks with T products 2 days after publication
of the study by Finkle et al.” Although an advi-
sory committee meeting was scheduled for
September 17, 2014, the FDA had already
made public its own analysis of the literature
in its denial of a petition by the group Public
Citizen to add black box warnings and other
restrictions to T products.”” The FDA’s com-
ments are included where appropriate in the
analysis that follows.

METHODS

A MEDLINE search was performed for the
years 1940 to August 2014 using the following
key words: testosterone, androgens, human,
male, cardiovascular, stroke, cerebrovascular ac-
cident, myocardial infarction, heart attack, death,
and mortality. Additional studies were sought
by examining publications with their own
literature reviews. Tables were created with re-
sults provided by abstracts or from the full text
of the article, depending on the adequacy of
abstracted information.

A review of the literature was performed
for 9 specific topics related to T and CV risks:
mortality; incident CAD; severity of CAD;
ischemic stroke; carotid intima-media thick-
ness; obesity/fat mass; lipid profiles; glycemic
control; and inflammatory markers. A sum-
mary statement was made regarding the

interpretation of relevant studies in those
areas, and level of evidence supporting that
conclusion was adjudicated by 2 authors
(MM, AT).

ANALYSIS

In contrast to many dozens of studies docu-
menting the beneficial CV effects of T therapy
in humans, there appear to be only 4 articles
that suggest increased CV risk. These 4 articles
were also identified by the FDA analysis. These
articles are the 2 retrospective large dataset
analyses of Vigen et al' and Finkle et al,” a
meta-analysis by Xu et al,”” and a report of
incidental CV adverse events in a placebo-
controlled T gel study designed to assess
muscular and functional benefits in elderly,
frail men with mobility limitations by Basaria
et al.”® Although few in number, these studies
have garnered considerable attention in the
medical literature and lay press, and therefore
merit individual analysis here.

Vigen et al, JAMA 2013

Vigen et al' conducted a retrospective analysis
of men who had undergone coronary angiog-
raphy within the Veterans Administration
health care system. The authors reported that
the overall rate of MI, stroke, and death in
men with serum T levels less than 300 ng/dL
(to convert to nmol/L, multiply by 0.0347)
was higher in men who received a T prescrip-
tion compared with untreated men. Although
no statistically significant differences were
noted at years 1, 2, or 3, the overall rate of
events over the course of the study was
reported to be significantly higher (29%) in
T-treated men.

Strangely, the actual rate of adverse events
was only half as great in the T group (123
events in 1223 men at risk, 10.1%) as in the
untreated group (1587 events in 7486 men,
21.2%) (Figure).”” The authors failed to
acknowledge this fact and came to an opposite
interpretation of the data based on complex
statistics that included adjustment for more
than 50 variables. The methodology in this
study, ie, stabilized inverse propensity treat-
ment weighting applied to Kaplan-Meier
curves with time as a covariate, was described
in an article by senior author Michael P. Ho
just a year earlier (2012) as follows: “Clearly,
assessing and confirming adequate covariate
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FIGURE. Actual percentage of individuals who experienced an adverse
cardiovascular event in the testosterone (T)-treated and untreated groups
in the study by Vigen et al." The authors reported a higher rate of adverse
events in the T-treated group using inverse stabilized propensity weighting
in which an event was counted as more than | event in the T-treated group
and less than | event in the untreated group. Ml = myocardial infarction.
From | Sex Med,”” with permission. ©2014 Intemational Society for Sexual
Medicine.

balance in IPTW time-varying models is chal-
lenging and needs further study... Further
work with simulations and contrasts to other
methods and other study applications would
help elucidate the advantages and disadvan-
tages of this approach.””” The authors fail to
provide any citations or other evidence in their
2013 article by Vigen et al' that these major
methodological concerns have been resolved
and that the methodology itself is accurate or
accepted by other investigators.

This article has already undergone 2 offi-
cial corrections. The first, published January
15, 2014, was for misreporting of primary re-
sults as “absolute risk,” a term that suggests
the results were based on raw data.”” In
response to criticism following publication,
the article was corrected to replace the term
absolute risk with Kaplan-Meier estimated cumu-
lative percentages with events, a term that more
accurately reflects the highly statistical nature
of the results. On March 5, 2014, JAMA pub-
lished a second correction.” In response to a
letter challenging the exclusion of 1132 men
who had suffered adverse events in the non-
T group, the authors revealed they had made
a series of errors. The number of men in this
excluded group was changed from 1132 to
128 men, a difference of greater than 1000
men. The value for a second group was found
to be incorrect by more than 900 men. Most
astonishingly, the all-male study group was
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found to include nearly 10% women. In
response to these errors, 29 international med-
ical societies and more than 160 physician-
scientists from 32 countries petitioned JAMA
to retract this article, citing “gross data
mismanagement and contamination” that
rendered the study “no longer credible.”””
The medical societies urging retraction are
listed in Table 1.

In summary, this study used an unvali-
dated methodology to reverse the results of
raw data, which revealed a lower percentage
of adverse events in the T-treated group
compared with untreated men. Putting aside
the multiple disturbing data errors that under-
mine the integrity of the study, this lower per-
centage of adverse CV events in the T-treated
group is consistent with the results of 2 prior
studies that reported mortality reduced by half
in T-treated men compared with untreated
men.””"Y Those studies are reviewed in
further detail in the “Testosterone Prescrip-
tions and CV Outcomes” section.

The FDA’s concluding comment regarding
Vigen et al' was as follows: “Given the
described limitations of the study by Vigen
et al it is difficult to attribute the reported find-
ings to testosterone treatment.”’"

Finkle et al, PLoS One 2014

The study by Finkle et al” was a retrospective
study of a health insurance database that re-
ported rates of nonfatal MI in the period up
to 90 days after a T prescription and compared
these rates to MI rates in the previous 12
months. The postprescription period was the
time to first prescription refill, which for an
unspecified number of men would have been
30 days rather than 90 days. The authors re-
ported the rate ratio of MI postprescription
to preprescription was 1.36, and the rate in
men older than 65 years was 2.19. In compar-
ison, no increase in MI rate was noted for men
who received a prescription for a phosphodi-
esterase type 5 inhibitor (PDE5i).

Because the source was an insurance
claims database, available information was
limited to diagnosis codes, procedure codes,
and prescriptions. There was no information
available regarding several standard CV risk
factors, such as diabetes, hypertension, hyper-
lipidemia, smoking history, or obesity, and no
information concerning any blood test results,
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including serum T, or lipid profiles. The
weakness of the dataset as an investigative
tool for assessment of CV risk is underscored
by the fact that the end point in the study,
nonfatal MI, was determined solely by the
use of an insurance diagnosis code without
verification that MI occurred and without
measures to increase the likelihood of
capturing a true event, such as limiting events
to the primary diagnosis code at hospital
discharge.”' An error rate as high as 12%
has been reported when such measures are
not followed.””

Methodologically, it was inappropriate to
compare posttreatment rates of MI to pretreat-
ment rates because these rates measure different
things.73 The post—T prescription MI rate
reasonably reflects the naturally occurring MI
rate in this population, albeit with the aforemen-
tioned caveats regarding the accuracy of this
type of database investigation. However,
because men were included in the study on
the basis of real-world receipt of a T prescrip-
tion, the pre—T prescription MI reflected how
often health care providers were willing to
prescribe T to men with a recent (within 12
months) MIL. Any reluctance to prescribe T
to men with recent MI would result in a
reduced preprescription MI rate. The rates
of MI in the preprescription and postpre-
scription periods thus measure different
things, and the comparison is therefore
meaningless.

Moreover, the reported MI rates post—T
prescription were all low, overall and for all sub-
groups. For example, the overall postprescription
MI rate reported by Finkle et al” was 4.75 events
per 1000 person-years. This result compares with
a rate of 13 expected MIs per 1000 person-years
using the National Institutes of Health heart
attack risk calculator, inputting age 54 years
(the mean age of the study participants) and
favorable risk parameters (nonsmoker; total
cholesterol, 230 mg/dL [to convert to mmol/L,
multiply by 0.0259]; high-density lipoprotein
[HDL] cholesterol, 40 mg/dL [to convert to
mmol/L, multiply by 0.0259]; systolic blood
pressure, 140 mm Hg).”’ The observed MI rate
among men who received a T prescription was
thus approximately one-third the expected rate.
In the absence of a control group of men who
were untreated, it is impossible to determine
whether these reported MI rates were higher,

TABLE 1. Professional Societies Calling for Retraction of Vigen et al'*

American Society for Men's Health (ASMH)
Brazilian Society of Endocrinology and Metabolism
Canadian Men’s Sexual Health Council

Canadian Society for the Study of Men’s Health (CSSAM)
European Society for the Study of the Aging Male (ESSAM)

European Society for Sexual Medicine (ESSM)
German Society for Men and Health
Indonesian Andrologist Association

Interational Society of Men's Health (ISMH)
Interational Society for Sexual Medicine (ISSM)

International Society for the Study of the Aging Male (ISSAM)

Irish Association of Sexual Medicine

[talian Society of Andrology

[talian Society of Andrology and Sexual Medicine
Japan ASEAN Council for Men’s Health and Aging
Japanese Society for Men's Health

Korean Society for Sexual Medicine and Andrology
Malaysian Men's Health Initiative

Malaysian Society of Andrology and the Study of the Aging Male

Men's Health Initiative of British Columbia (Canada)
Mexican Association of Bone and Mineral Metabolism
Middle East Society for Sexual Medicine

Russian Society for Men's Health

South Asian Society for Sexual Medicine

Sexual Medicine Society of North America

Sociedade Latinoamericana de Medicina Sexual (Latin American Society for Sexual

Medicine)
Society for Men'’s Health, Singapore
Society for the Study of Androgen Deficiency

Society for the Study of Andrology and Sexology, Singapore (SSASS)

“Current list can be found at http//www.androgenstudygroup.org/co-signers/list-of-co-signersmedical-

organizations.

lower, or unchanged in association with a T
prescription.

Finally, the comparison with men who
received a PDES5i prescription is uninterpret-
able. These were 2 dissimilar groups treated
with dissimilar medications for dissimilar
indications. Phosphodiesterase type 5 inhib-
itors are known to have vasodilatory proper-
ties, and one medication in this class,
sildenafil, is approved for treatment of pul-
monary hypertension, confounding any
comparison because of the possibility that
PDE5i’s may have beneficial effects on CV
risk. This is a classic case of comparing
apples and oranges.

A key concept not addressed by Finkle
et al” is that TD itself has been identified as
a risk factor for CV events (reviewed in the
“Testosterone and Mortality section). Given
the short T exposure time of 30 to 90 days,
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one unexplored possibility is that any
observed increased risk of MI was due to the
underlying condition rather than from the
treatment. For this reason, we agree with the
FDA analysis, which concluded that “it is diffi-
cult to attribute the increased risk for non-fatal
MI seen in the Finkle study to testosterone
alone and not consider that the study partici-
pants might have remained hypogonadic and
thus at higher risk for non-fatal MI.”"*

Basaria et al, New England Journal of
Medicine 2010

Basaria et al’® conducted a prospective ran-
domized trial designed to investigate whether
T gel provided greater muscular and functional
benefits than placebo in a population of frail
elderly men treated for 6 months. The study
did indeed find a benefit of T treatment over
placebo for muscular and functional responses
but was terminated early because of the obser-
vation of increased adverse events categorized
as “cardiovascular” in the treatment arm. There
were 23 of these events in the T arm and 5 in
the placebo arm.

However, this study was not designed to
investigate CV events, and none of these events
were primary or secondary end points. Most of
the reported “events” were incidentally noted,
subjective, or of questionable clinical impor-
tance, such as palpitations, pedal edema, and
premature ventricular contractions. None of
these adverse events were defined before study
enrollment, and there was no attempt to sys-
tematically investigate all participants for the
presence of any of these events. The most
frequently reported adverse event was pedal
edema, with 5 cases in the T group and none
in the placebo group. Given that the placebo
group was composed of more than 100 frail
elderly men with multiple comorbidities, it
seems unlikely that none of them had any de-
gree of pedal edema. This flaw underscores
concerns about the interpretation of these
data by Basaria et al’® as indicative of true CV
risk rates because it violated foundational con-
cepts in clinical trials, ie, defined end points
and systematic data acquisition.

Four major adverse cardiac events (MACE)
occurred: 1 death, 2 Mls, and 1 stroke, all of
which occurred in the T group. Although trou-
bling, this asymmetry is not uncommon with
rare events in clinical trials. In a similar study

MAYO CLINIC PROCEEDINGS

in frail elderly men performed in the United
Kingdom, there were 2 MACE (1 death, 1
MI), both occurring in the placebo group.'”
As Basaria et al’® concluded, “The lack of a
consistent pattern in these events and the small
number of overall events suggest the possibility
that the differences detected between the two
trial groups may have been due to chance
alone.” A subsequent analysis suggested that
events were associated with higher serum con-
centrations of T achieved with treatment using
higher than approved doses of T, contrary to
the recommendations of the Endocrine Society
guidelines.” It is impossible to conclude from
this study that T prescriptions confer an
increased risk of CV events. The FDA
concluded, “The Basaria study does appear to
show an empirical dose-dependent association
between testosterone and cardiovascular risk,
but it was non-conclusive because of the small
sample size and small number of events
reported in the study, as well as the limitations
with respect to confirming the events. The au-
thors of this study have explicitly indicated that
the differences between the groups in cardio-
vascular adverse events might have been due
to chance alone.””*

Xu et al, BMC Medicine 2013
In a meta-analysis of CV events in 27 placebo-
controlled T studies of 12 weeks’ duration or
longer, Xu et al’’ reported that more CV
events occurred in men who received T
compared with those who received placebo.
This study is the only one of several meta-
analyses and systematic reviews to suggest
any increased risk with T therapy. As with
all meta-analyses, results are greatly influenced
by the definitions of end points of interest and
the selection of studies. In this case, the au-
thors 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 exagger-
ates the apparent rate of events and distorts
absolute differences in event rates between
groups. In addition, just 2 of the 27 studies
contributed 35% of all CV events in the T arm.
The disproportionate influence of these 2
studies on the outcome of the meta-analysis
merits closer scrutiny. One is the study by
Basaria et al’® discussed previously, in which
18 of 23 events (incorrectly reported as 25
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events by Xu et al’”) would not normally
qualify as CV events. The other was the
1986 Copenhagen study” in which a nonap-
proved oral formulation of micronized T was
administered at a remarkably high dose of
600 mg/d to men with cirrhosis of the liver,
resulting in serum T concentrations exceeding
4000 ng/dL (approximately 140 nmol/L) in a
quarter of the T group and levels as high as
21,000 ng/dL (745 nmol/L), a value approxi-
mately 20 times the upper limit of the normal
range. Because these oral forms of T are
known to cause liver toxicity via a first-pass ef-
fect, it should be no surprise that markedly
supraphysiologic T doses in a hepatically
compromised population would prove harm-
ful. Moreover, the authors appear to have cate-
gorized any bleeding event as “cardiovascular,”
including the most frequently observed cause
of death in this study, bleeding from esopha-
geal varices. The authors listed 21 events as
CV, yet only 1 (MI) could reasonably be
considered as CV. This trial has little relevance
to the question as to whether the clinical use
of T therapy increases CV risks. Its inclusion
and misreporting led to distorted results.

Without the contributions of the Copenha-
gen study”" and the non-MACE in the study by
Basaria et al,’® the rates of adverse CV events in
the T and placebo groups were similar, with a
slightly lower rate in the T group (78 events
in 1599 men [4.88%] vs 60 events in 1174
men [5.1%], respectively). It should be under-
scored that this is the only one of several previ-
ously published meta-analyses and systematic
reviews to report increased risk with T treat-
ment.” " Recently, Corona et al® reported a
meta-analysis of 75 studies, compared with
the 27 analyzed by Xu et al.”” The meta-
analysis by Corona et al” included 3016 men
treated with T and 2446 treated with placebo
for a mean treatment duration of 34 weeks.
They found no significant association between
T therapy and CV events, either as single events
or as combined CV end points. Studies in men
with metabolic derangements revealed a pro-
tective effect of T treatment.™

Summary

None of the 4 studies cited as evidence sup-
porting an increased CV risk with T administra-
tion provide compelling evidence of increased
risk. Indeed, the articles by Vigen et al' and

Finkle et al” could each arguably be described
as documenting protective effects of T therapy
on CV risk because the percentage of events
was lower by half in the former and overall
MI rates were only a fraction of expected rates
in the latter. Events reported by Basaria et al’®
were not systematically investigated in all indi-
viduals, and most events were of questionable
clinical importance. Finally, the results of
Xu et al’”” appear to be due to the inclusion of
questionable events and studies, and their
conclusions are contradicted by several other
meta-analyses.

REVIEW OF EXISTING LITERATURE

Any objective assessment of the literature
regarding T and CV effects must recognize a
broad, rich literature in which numerous
studies reveal increased CV concerns with TD
and improvement in a variety of CV risk factors
and some CV outcomes with T therapy. That
literature has been summarized and tabulated
and is included here in Tables 2-9. Summary
statements and levels of supporting evidence
are provided in Table 10.

Testosterone Prescriptions and CV
Outcomes

Three additional studies beyond those of Vigen
etal and Finkle et al” have investigated mortal-
ity or MI rates in association with T ther-
apy.””""1°% Shores et al® studied 1031 men
in the Veterans Administration health care sys-
tem with serum T levels of less than 250 ng/dL.
The mean age was 62 years, and mean follow-
up was 40.5 months. Mortality in T-treated
men was reduced by half in treated men
compared with untreated men, at 10.3% vs
20.7%, respectively (P=.0001). Multivariate
adjustment for age, body mass index, T level,
medical morbidity, diabetes, and coronary
heart disease yielded a hazard ratio (HR) of
0.61 (95% CI, 0.42-0.88; P=.008), indicating
significant reduction in mortality with T
therapy.

Muraleedharan et al’’ investigated a group
of 581 diabetic men followed for a mean of
5.8 years. Men with low levels of serum T,
defined as a serum T level of less than 10.4
nmol/L (300 ng/dL), had increased mortality
compared with men with T values above this
threshold. Adjusted mortality in the low T group
was 17.2% compared with 9.0% in the normal T

Mayo Clin Proc. ® February 2015;90(2):224-251 m http://dx.doi.org/10.1016/j.mayocp.2014.10.011

www.mayoclinicproceedings.org
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TABLE 2. Observational Studies of Serum Testosterone Concentrations and Mortality®
Subfraction of

Reference, year testosterone Age range/mean  Mean follow-
(study) used for analysis ~ Sample size age (y) up (y) Population
Studies documenting a negative (inverse) association between endogenous testosterone and mortality
Pye et a,*” 2014 (European TT, FT 2599 40-79 4.3 Community-based,
Male Aging Study) Europe
Haring et al”® 2013 T 254 755 5and 10 Community-based,
(Framingham Heart United States
Study)
Muraleedharan et al,”’ 2013 581 58 Type 2 diabetes
Hyde et al,o" 2012 (Health TT, FT 4249 70-88/77 5.1 Population-based,

in Men Study) Australia

Major finding

Testosterone deficiency is associated
with substantially higher risks of all-
cause and cardiovascular mortality,
to which both the level of
testosterone and the presence of
sexual symptoms contribute
independently

Higher baseline TT concentrations
were associated with lower
mortality risk at 5y

Correction for multiple statistical
testing (P<.005) rendered this
association statistically
nonsignificant

Repeated analyses at |0-y follow-up
revealed no significant association
between sex steroids,
gonadotropins or their trajectories
and mortality

Low testosterone levels predict an
increase in all-cause mortality
during long-term follow-up.
Testosterone replacement may
improve survival in hypogonadal
men with type 2 diabetes

Lower free testosterone (and higher
SHBG and LH levels) were
associated with all-cause mortality

In cause-specific analyses, lower free
testosterone (and higher LH)
predicted CVD mortality, while
higher SHBG predicted non-CVD
mortality

Remarks

HR of low TT <8 nmol/L (irrespective of symptoms) for
all-cause mortality, 2.3 (95% Cl, 1.2-4.2)

HR of low TT <8 nmol/L and FT <220 pmol/L for
all-cause mortality, 5.5 (95% Cl, 2.7-11.4)

HR with 3 sexual symptoms (irrespective of serum
testosterone level, compared with asymptomatic
men), 3.2 (95% Cl, 1.8-5.8)

Similar risks observed for cardiovascular mortality

HR (per quartile increment) of high FT for all-cause
mortality, 0.74 (95% Cl, 0.56-0.98)

Mortality increased in the low testosterone group (17.2%)
compared with the normal testosterone group (9%;
P=.003) when controlled for covariates

In Cox regression model, multivariate-adjusted HR for
decreased survival was 2.02 (95% Cl, 1.2-3.4; P=.009).

TRT (mean duration, 41.6+20.7 mo; n=64) associated
with a reduced mortality of 8.4% compared with
19.2% (P=.002) in the untreated group (n=174)

Multivariate-adjusted HR for decreased survival in the
untreated group was 2.3 (95% Cl, 1.3-3.9; P=004)

HR of low FT for all-cause mortality, 1.62 (95% Cl, 1.20-
2.19) for 100 vs 280 pmol/L

HR of low FT for CVD mortality, 1.71 (95% Cl, 1.12-2.62)
for 100 vs 280 pmol/L

Continued on next page
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TABLE 2. Continued

Subfraction of

Reference, year testosterone Age range/mean  Mean follow-
(study) used for analysis ~ Sample size age (y) up (y) Population Major finding Remarks
Studies documenting a negative (inverse) association between endogenous testosterone and mortality, continued
Lerchbaum et al,’> 2012 TT,FT 2069 7.7 Coronary A combined deficiency of FT and Multivariate-adjusted HR for all-cause mortality, 2.1 1
angiography 25(OH)D s significantly associated (95% Cl, 1.60-2.79)
with fatal events in a large cohort of Multivariate-adjusted HR for CVD mortality, .77 (95%
men referred for coronary Cl, 1.23-2.55)
angiography Multivariate-adjusted HR for non-CVD mortality, 2.33
(95% Cl, 1.45-3.47)
Haring et al,” 2011 TT 99 Kidney dysfunction Measured TT levels may help detect  HR for all-cause mortality in men with kidney dysfunction,
high-risk individuals for potential 1.4 (95% Cl, 1.02-1.92)
therapeutic interventions and HR for all-cause mortality in men with kidney dysfunction

improve mortality risk assessment and low TT, 2.52 (95% CI, 1.08-5.85)
and outcome

Kyriazis et al,”* 2011 T 11 27 mo HD patients Testosterone deficiency in male HD  Patients with testosterone deficiency had increased CVD
patients is associated with increased and all-cause mortality, even after adjustment for age,

CVD and all-cause mortality body mass index, serum albumin and C-reactive

Increased arterial stiffness may be a protein levels, prevalent CVD, and HD duration

possible mechanism explaining this  Testosterone levels were inversely related to PWV
association (r=—0441; P<.001)
The association of testosterone with CVD mortality, but
not with all-cause mortality, was lost after adjusting for
PWV, an index of arterial stiffness

Carrero et al,% 2011 T 260 48-67/59 3 ESRD, Sweden Testosterone deficiency is OR of low TT for cardiovascular comorbidity was 2.51
Y Y
independently associated with (95% Cl, 1.32-4.76) and for death was 2.0 (95% Cl,
cardiovascular comorbidity and 1.01-3.97)

death in logistic regression analyses
Testosterone deficiency is a common
finding among male patients with
ESRD, and it is independently
associated with inflammation,
cardiovascular comorbidity and

outcome
Haring et al,*® 2010 (Study TT 1954 20-79/58.7 72 Population-based, Low TT is associated with increased ~ HR of low TT for all-cause mortality, 1.92 (95% ClI, 1.18-
of Health in Pomerania) Germany risk of mortality from all causes and 3.14; P<.001)
CV disease HR of low TT for CV mortality, 2.56 (95% Cl, |.15-6.52;
P<.05)
Malkin et al”® 2010 TT, BT 930 Not reported 6.9 CHD (positive Low BT is inversely associated with HR of low BT for all-cause mortality, 2.2 (95% ClI, | 4-3.6;
angiographic time to all-cause and vascular P<.0001)
findings) mortality HR of low BT for vascular mortality, 2.2 (95% Cl, |.2-3.9;
P=.007)

Continued on next page
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TABLE 2. Continued

Subfraction of
Reference, year testosterone Age range/mean  Mean follow-

(study) used for analysis ~ Sample size age (y) up (y) Population Major finding

Studies documenting a negative (inverse) association between endogenous testosterone and mortality, continued

Menke et al,”® 2010 (Third  TT, BT, FT 1114 >20/40 16 Population-based, Decrease in FT and BT from 90th to

National Health and
Nutrition Examination
Survey)

United States

|0th percentile is associated with
increased risk of all-cause and CV
mortality during the first 9 y of
follow-up

Corona et al,”’ 2010 1687 43 Erectile dysfunction Testosterone levels are associated
with a higher mortality of MACE
Identification of low testosterone
levels identifies patients with an
increased cardiovascular risk
Ponikowska et aI,L)8 2010 TT, FT 153 65+9 19 mo Type 2 diabetes with  In diabetic men with stable CAD,
CHD testosterone deficiency is common
and related to high cardiovascular
mortality
Militaru et al,”” 2010 T 126 30d Acute M| A low level of testosterone was
independently related to total
short-term mortality
Vikan et al,'*’ 2009 TT, FT 1568 Not reported/ 1.2 Population-based, 24% Higher risk of all-cause mortality
(Tromsg Study) 59.6 Norway for men with low FT levels
Tivesten et al,é/ 2009 TT, FT 2639 with 69-80/75.4 45 Population-based, Increasing levels of TT and FT are
(Osteoporotic Fractures TT, Sweden associated with decreasing risk of
in Men Study [MrOS]) 2618 with all-cause mortality
Fr
Carrero et al,'”' 2009 126 41 mo Hemodialysis In men undergoing hemodialysis,

testosterone concentrations
inversely correlate with all-cause
and CVD-related mortality, as well
as with markers of inflammation.
Hypogonadism may be an
additional treatable risk factor for
patients with chronic kidney disease

Remarks

HR of FT decrease for all-cause mortality, .43 (95% Cl,
1.09-1.87)

HR of BT decrease for all-cause mortality, .52 (95% Cl,
1.15-2.02)

HR of FT decrease for CV mortality, .53 (95% Cl, 1.05-
223)

HR of BT decrease for CV mortality, .63 (95% ClI, I.12-
237)

Proportion of lethal events among MACE was significantly
higher in hypogonadal patients, using either 10.4
nmol/L (300 ng/dL) or 8 nmol/L (230 ng/dL)
thresholds

After adjustment for age and Chronic Disease Score in a
Cox regression model, only the association between
incident fatal MACE and testosterone <8 nmol/L (230
ng/dL) was confirmed (HR, 7.1 [95% CI, 1.8-28.6];
P<.001)

HR for CVD mortality per |-SD increment in TT and FT:
TT, 0.58 (95% Cl, 0.39-0.87); FT, 0.65 (95% Cl, 0.52-
081)

OR for TT quartiles 2,3, and 4 vs 1: 0.82 (95% Cl, 0.67-
1.03), 0.67 (95% Cl, 0.52-0.86), and 0.70 (95% Cl,
0.56-0.89), respectively (P trend, <.01)

The mean level of TT = 4.1£2.9 ng/mL

All nonsurvivors had TT <3 ng/mL

HR of low FT for all-cause mortality, .24 (95% ClI, 1.01-
1.54)

HR of high TT for all-cause mortality, 0.59 (P<.001)

HR of high FT for all-cause mortality, 0.50 (P<.001)

HR for TT in the lowest tertile for all-cause mortality, 2.03
(95% Cl, 1.24-331)

HR for TT in the lowest tertile for CVD mortality, 3.19
(95% Cl, 1.49-6.83)

Increased risk with low TT persisted after adjustment for
age, SHBG, previous CVD, diabetes, ACEI/ARB
treatment, albumin, and inflalmmatory markers but was
lost after adjustment for creatinine

Continued on next page
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TABLE 2. Continued

Subfraction of

Reference, year testosterone Age range/mean  Mean follow-

(study) used for analysis ~ Sample size age (y) up (y) Population Major finding

Studies documenting a negative (inverse) association between endogenous testosterone and mortality, continued

Lehtonen et al,'** 2008 TT 187 71-72 10 Population-based, Serum TT in elderly men is inversely
Finland associated with mortality
Higher endogenous testosterone
levels have a favorable effect on
survival in elderly men
Laughlin et al,(’:’ 2008 TT, FT 794 63-789/71.2 | 1.8 Population-based, Low TT and BT are associated with
(Rancho Bemardo Study) United States higher risk of all-cause and CV
mortality
Khaw et al,("2 2007 TT | 1,606 40-79/67.3 7 Population-based, Low TT is associated with higher risk
(European Prospective Europe of all-cause and CV mortality. Same
Investigation Into Cancer trend was noted for CHD
in Norfolk) mortality, but statistical significance
was not achieved
Araujo et al,'** 2007 TT, FT 1686 40-80 153 Population-based, High FT and low DHT levels are
(Massachusetts Male United States associated with ischemic heart
Aging Study) disease
Shores et al,'** 2006 T 858 >40/61.4 43 Population-based, Low TT is associated with higher risk

United States

Studies documenting no association between endogenous testosterone and mortality

Shores et at,'”” 2014
(Cardiovascular Health
Study)

TT, FT, DHT

1032

66-97/76 9
United States

Studies documenting a positive association between endogenous testosterone and mortality

None identified

Community-based,

of all-cause mortality

In a cohort of elderly men, DHT and
calculated free DHT were
associated with incident CVD and
all-cause mortality

Remarks

OR of low TT for all-cause mortality, 0.93 (95% Cl, 0.87-
0.99)

Mean baseline serum testosterone concentration was
~ 14% higher (P<.024) in men who were alive at the
end of the follow-up period compared with the
deceased men

HR of low TT for all-cause mortality, 1.44 (P<.002)

HR of low BT for all-cause mortality, 1.50 (P<.001)

HR of low TT for CV mortality, 1.38 (95% Cl, 1.02-1.85)

HR of low BT for CV mortality, 1.36 (95% Cl, 1.04-1.79)

OR of low TT for all-cause mortality, 0.59 (P<.001)

OR of low TT for CV mortality, 0.53 (P<.0l)

TT and SHBG levels are not associated with all-cause
mortality

HR of low TT for all-cause mortality, 1.88 (P<.001)

In models adjusted for cardiovascular risk factors, TT and
FT were not associated with incident CVD or all-cause
mortality, whereas DHT and calculated free DHT had
curvilinear associations with incident CVD (P<.002
and P=.04, respectively) and all-cause mortality
(P<.001 for both)

*ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; BT = bioavailable testosterone; CAD = coronary artery disease; CHD = coronary heart disease; CVD = cardiovascular disease; DHT =
dihydrotestosterone; ESRD = end-stage renal disease; FT = free testosterone; HD = hemodialysis; HR = hazard ratio; LH = luteinizing hormone; MACE = major adverse cardiovascular events; Ml = myocardial infarction;

25(0OH)D = 25-hydroxyvitamin D; OR = odds ratio; PWV = pulse wave velocity; SHBG = sex hormone—binding globulin; TRT = testosterone replacement therapy; TT = total testosterone.

Modified from | Am Heart Assoc,'*® with permission.
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TABLE 3. Association Between Testosterone Level and Incident Coronary Artery Disease®
Subfraction of
Reference, year (type of
study, No. of patients)

testosterone Primary end point measured

used for analysis (method) Main finding of study

Studies documenting an association between low testosterone levels and incident CAD

Zhao & Lil'%” 1998 TT CAD (H&P, ECG, cardiac Men with CAD have lower levels
(CCs, 201) catheterization in 27 of TT
patients)
English et al,'°® 2000 TT, FT, BT, FAI  CAD (cardiac catheterization) Men with catheterization-proven
(CCs, 90) CAD have lower levels of FT,
BT, and FAI
Dobrzycki et al,'” TT, FT, FAI CAD (cardiac catheterization) Men with catheterization-proven
2003 (CCS, 96) CAD have lower levels of TT,
FT, and FAI
Akishita et al,‘ 2010 TT Cardiovascular events” (H&P,  Men with lower levels of endogenous
(Cs, 171) physician and hospital TT are more likely to have
records) cardiovascular events
Rosano et al,''' 2007  TT, FT, BT CAD (cardiac catheterization) Men with catheterization-proven

(CCS, 129) CAD have lower levels of TT
and BT
Huetal''” 2011 (CCS, TT Men with catheterization-proven
87) CAD have lower levels of TT
Studies documenting a complex association between serum testosterone concentrations and incident CAD
Soisson et al,''? 2013 TT, BT CHD and stroke After adjustment for cardiovascular
(PCS [French 3C],
3650 men
aged >65 )

CAD (cardiac catheterization)

risk factors, a J-shaped association
between plasma TT and IAD risk
was found (P<.0l)

The HRs associated with the lowest
and the highest TT quintiles relative
to the second quintile were 2.23
(95% Cl, 1.02-4.88) and 3.61 (95%
Cl, 1.55-8.45), respectively

Studies documenting no association between testosterone levels and incident CAD

Cauley et al,''* 1987 TT, FT Acute, nonfatal myocardial No difference in TT or FT levels

(CCs, 163) infarction, death from between cases and controls
cardiovascular disease
(ECG, hospital records)

Barrett-Connor & TT Cardiovascular disease or No statistically significant association
Khaw,''> 1988 (CS, mortality, ischemic heart between levels of TT and primary
1009) disease morbidity or end points

mortality (death certificates,
hospital records)

Kabakci et al,"'® 1999 TT, FT CAD (cardiac catheterization) No statistically significant difference in
(CCs, 337) FT or TT levels between cases and

controls

Amlov et a\,‘ 172006 TT Cardiovascular disease” No significant association between

(PCS, 2084) (physician and hospital levels of endogenous TT and

records) incidence of CAD
Studies documenting an association between high serum concentrations of testosterone and incident CAD
None identified

MAYO CLINIC PROCEEDINGS

Potential confounding factors

BT not used for analysis

Limited number of patients underwent
catheterization

Small sample size

Small sample size

BT not used for analysis
Small sample size

BT not used for analysis

Small sample size

End points other than CAD were pulled in the
analysis

Patients did not undergo cardiac catheterization

Small sample size

BT not used for analysis
Small sample size

Additional analysis for CHD had similar results
(HR, 3.1'1 [95% ClI, 1.27-7.63] and 4.75 [95%
Cl, 1.75-12.92], respectively)

Similar J-shaped association was observed
between BT and IAD risk (P=201)

No significant association of estradiol and SHBG
with IAD was found

BT not used for analysis
Small sample size
Patients did not undergo cardiac catheterization

BT not used for analysis

Patients did not undergo cardiac catheterization

BT not used in analysis

Small sample size

Suboptimal method used for measurement of FT

BT not used for analysis

End points other than CAD were pooled in the
analysis

Patients did not undergo cardiac catheterization

BT = bioavailable testosterone; CAD = coronary artery disease; CCS = case-control study; CHD = coronary heart disease; CS = cohort study; ECG = electrocardi-
ography; FAl = free androgen index; FT = free testosterone; H&P = history and physical examination; HR = hazard ratio; IAD = ischemic arterial disease; PCS =

prospective cohort study; SHBG = sex hormone—binding globulin; TT = total testosterone.
®Cardiovascular events included stroke, CAD, sudden cardiac death, and peripheral arterial disease.

“Cardiovascular disease included CAD, myocardial infarction, angina pectoris, coronary insufficiency, death from CAD, stroke, transient ischemic attack, congestive heart

failure, and peripheral vascular disease.
Modified from | Am Heart Assoc,'*® with permission.
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TABLE 4. Association Between Serum Testosterone Concentrations and Severity of Coronary Artery Disease”

Subfraction of
testosterone used

Reference, year (type
of study, No. of

patients) for analysis

Negative (inverse) correlation
Dobrzycki et al,'””  TT, FT, FAI
2003 (CCS, 96)
Lietal''®2012 7T

Duke index”

Gensini score”

Visual estimation of coronary artery
occlusion and calculation of mean

Method of measuring
CAD severity

Main finding of study

Inverse correlation between FT and
CAD severity

Inverse correlation between TT and
CAD severity

levels and CAD severity

. d
percent occlusion

(CCS, 803)

Phillips etal,''” 1994 TT, FT
(CCS, 55)

Rosano et al,'" T

2007 (CCs, 129)
Positive correlation
None identified

Coronary artery score®

Inverse correlation between TT and
CAD severity

“CAD = coronary artery disease; CCS = case-control study; FAl = free androgen index; FT = free testosterone; TT = total testosterone.

“Duke prognostic coronary artery index: a prognostic tool involving the extent and severity of atherosclerotic lesions in coronary arteries.

“Genisi score: Calculation based on location and number of stenotic coronary artery segments and degree of luminal narrowing.

Comment

r=—0.69, P=048

r=—0.188, P<.00|

Inverse correlation between TT and FT TT: r=—0.43, P<.02;

FT: r=—0.62, P<.001

r=—052, P<0lI

“Authors visually estimated the maximum percent reduction in luminal diameter of the left main, left anterior descending, left circumflex, and right coronary arteries. The

mean of these 4 values was used to estimate CAD severity.

“Coronary artery score: authors multiplied the degree of coronary artery obstruction by the number of stenoses.

106

From | Am Heart Assoc, ”° with permission.

group (P=.003). In these populations, the
multivariate-adjusted HR for decreased survival
was 2.02 (95% CI, 1.2-3.4; P=.009). Untreated
men with low T concentrations had mortality of
19.2%, compared with treated men, in whom
mortality was again reduced by approximately
half, at 8.4%. Notably, this value approximated
the mortality in men with normal serum T con-
centrations. After multivariate adjustment, the
HR for decreased survival in the untreated group
was 2.3 (95% CI, 1.3-3.9; P=.004).

After publication of the study by Finkle
et al’ Baillargeon et al'”° studied 25,420 US
Medicare recipients aged 65 years and older.
In this study, a cohort of 6355 men treated
with at least 1 injection of T between January
1, 1997, and December 31, 2005, were matched
to 19,065 T nonusers at a 1:3 ratio based on a
composite MI prognostic score. A significant
trend toward reduced MI rates with T adminis-
tration was noted with increasing quartiles of
risk.'” For men in the highest prognostic MI
risk quartile, treatment with T therapy was asso-
ciated with significantly reduced risk (HR, 0.69;
95% CI, 0.53-0.92). Eisenberg et al*>” found no
difference in 10-year mortality between T users
and nonusers using an andrology database
from Baylor College of Medicine.

Testosterone and Mortality

A substantial number of observational studies
have investigated mortality as a function of serum
T concentrations (Table 2),620305-67.70.89-105 T
majority have reported a significant association of
low T with mortality in community cohorts as
well as in populations with medical conditions,
including renal disease, diabetes, erectile dysfunc-
tion, and prostate cancer treated with androgen
deprivation. A meta-analysis by Araujo et al,"””
which investigated 16,184 community-based
participants with a mean follow-up of 9.7 years,
found that low T levels were associated with an
increased risk of CV-related mortality with an
HR of 1.35 (95% CI, 1.13-1.62; P<.001).
Androgen deprivation therapy has also been asso-
ciated with increased CV events and mortality.' ™
Although no study has documented a direct asso-
ciation between high serum T and mortality, Yeap
et al® reported that the third quartile for serum T
was associated with the lowest mortality and
higher mortality occurred in men in the lowest
2 quartiles as well as the highest quartile.

Summary Statement. Low levels of TT,
bioavailable T, and free T are associated with
increased risk of mortality from all causes
and CV disease.

Mayo Clin Proc. ® February 2015;90(2):224-251 m http://dx.doi.org/10.1016/j.mayocp.2014.10.011

www.mayoclinicproceedings.org
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TABLE 5. Association Between Endogenous Testosterone Level and Carotid Intima-Media Thickness®

Reference, year
(type of study)

Age range/

Sample size mean age (y) Main findings

Negative (inverse) correlation

De Pergola et al,'*’ 127 Overweight or |8-45/34 After adjustment for age, total body fat, central obesity, and fasting glucose
2003 (CS) obese men concentration, carotid artery IMT was inversely associated with FT
Fu et al,'*' 2008 (CCS) 106 Men 50-70/64 FT was independently inversely associated with carotid artery IMT
Fukui et al,'** 2003 (CS) 154 Diabetic men 62 FT was inversely associated with carotid artery IMT
Free testosterone was inversely associated with carotid artery plaque score
Carotid artery IMT and plaque score were significantly higher in patients with lower
levels of FT
Makinen et al,'*? 2005 96 Nondiabetic 40-70/57 After adjustment for age, BMI, blood pressure, smoking, and total cholesterol, TT
(CCS) men was inversely associated with carotid artery IMT
Muller et al,'** 2004 195 Men 7391177 FT was inversely associated with mean progression of carotid artery IMT
(CS) independent of age
FT was inversely associated with mean progression of carotid artery IMT after
adjustment for cardiovascular risk factors”
Soisson et al,'** 2012 354 Men >65 Analyses with and without adjustment for cardiovascular risk factors revealed that
(CS) carotid IMT was inversely and significantly correlated with TT and bioavailable
testosterone levels but not with SHBG and estradiol levels
Svartberg et al,'*® 2006 1482 Men 25-84/60 After adjustment for age, smoking, physical activity, blood pressure, and lipid levels,

(CS) TT was inversely associated with carotid artery IMT
The association between TT and carotid artery IMT was not independent of BMI
There was no association between FT and carotid artery IMT
Tsujimura et al,'”” 2012 176 Men >40
(CS) for hypertension revealed a significant association between FT and carotid artery
MT
Even after adjustment for other clinically relevant factors, the significant association

A multivariate model adjusted for age, BMI, mean arterial pressure, and treatment

between FT and carotid artery IMT was not attenuated

After adjustment for all other clinically relevant factors, both univariate and
multivariate models ascertained the stepwise association that an FT level of
<10.0 pg/mL was significantly associated with carotid artery IMT

van den Beld et al,'*® 403 Men 73-94/778  After adjustment for age, serum TT was inversely related to carotid artery IMT
2003 (CS)
Vikan et al,'”” 2009 (CS) 2290 Men 55-74/66 After adjustment for age, systolic blood pressure, smoking, and use of lipid-

lowering medications, TT was inversely associated with total carotid plaque area
SHBG was not associated with changes in carotid artery IMT or plaque area
Positive correlation
None identified

“BMI = body mass index; CCS = case-control study; CS = cross-sectional study; FT = free testosterone; IMT = intima-media thickness; SHBG = sex hormone—binding
globulin; TT = total testosterone.
®Cardiovascular risk factors included body mass index, waist-to-hip ratio, hypertension, diabetes, smoking, and serum cholesterol levels.

Level of Evidence. 1la a J-shaped curve for a combined end point of
MI and ischemic stroke, with the first and fifth

T quintiles having greater event rates than the

Testosterone and Incident CAD

Eleven studies have reported on the association
of serum T concentrations and incident CAD
(Table 3).197M7 Six of these studies reported
an association between CAD and lower T levels,
and 4 showed no significant relationship. None
found an association with higher serum T con-
centrations. However, Soisson et al' "’ reported

second quintile. Nevertheless, overall these
data are congruent with the finding that men
in the highest quartile of T (>550 ng/dL) have
a lower risk of CV events compared with men
in the 3 lower quartiles (HR, 0.70; 95% CI,
0.56-0.88), even after adjustment for traditional
CV risk factors and exclusion of men with
known CV disease at baseline.'*”

Mayo Clin Proc. ® February 2015;90(2):224-251 ® http://dx.doi.org/10.1016/j.mayocp.2014.10.011
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Summary Statement. Incident CAD is asso-
ciated with lower levels of TT, bioavailable
T, or free T.

Level of Evidence. 1la

Severity of CAD

Severity of CAD has also been investigated
as a function of serum T concentrations
(Table 4) 0PSO By of 4 studies noted
an inverse relationship between serum
androgen concentrations and CAD severity,
indicating that higher serum androgen con-
centrations are associated with reduced
severity and lower androgen concentrations
are associated with more severe disease.

Summary Statement. Severity of CAD is
inversely correlated with serum concentrations
of TT, bioavailable T, or free T.

Level of Evidence. 1la

Testosterone and Ischemic Stroke

Three studies have investigated the relation-
ship of androgens to incident ischemic stroke.
One found mno relationship to serum T,'°'
another found a significant association with
low levels of TT and free T,'°* and a third
found no significant association with TT but
an inverse relationship with serum dihydrotes-
tosterone concentrations. '’

Summary Statement. The available evidence
is insufficient to conclude whether there exists
a relationship between ischemic stroke and
serum androgens.

Level of Evidence. Not available.

Testosterone, Carotid Intima-Media
Thickness, and Atherosclerosis

Carotid intima-media thickness has been found
to be a marker for atherosclerosis. Ten studies
have examined the association between endoge-
nous serum T concentrations and carotid
intima-media thickness. All 10 documented an
inverse relationship with TT, free T, or bioavail-
able T (Table 5)."”""*” None has reported a sig-
nificant relationship between higher T and
increased carotid intima-media thickness. Hak
et al'®” investigated 1032 men in the Rotterdam

TABLE 6. Changes in Parameters of Obesity With Testosterone Treatment vs

Placebo

Testosterone Treatment Change Change
preparation

Reference, year

Total fat mass (kg)
Marin et al," ™ 1993 Gel
Snyder et al,"*' 1999 Patch
Kennyet al,'** 2001 Patch
Ferrando et al,'** 2002 TE
Boyanov et al,'** 2003

Steidle et al,"*® 2003 Gel

Patch
Wittert et al,*” 2003 Oral TU
Casaburi et al,"*® 2004
No training TE
Training TE
Svartberg et al”® 2008 Inj TU

Allan et al,"*? 2008 Patch
Emmelot-Vonk et al,'*
2008
Srinivas-Shankar et al,'*  Gel
2010
Visceral adipose tissue (kg)
Mérin et al,"*° 1993 Gel
Allan et al,"*? 2008 Patch
Trunk fat (kg)
Casaburi et al,"*® 2004

No training TE
Training TE
Page et al,”' 2005 TE

Allan et al,"*” 2008 Patch
Visceral adipose tissue (cm3)
Svartberg et al,*® 2008 Inj TU
Subcutaneous adipose tissue (kg)
Marin et al, > 1993 Gel
Allan et al,"”” 2008 Patch
Subcutaneous adipose tissue (cm?)

Svartberg et al,”® 2008  Inj TU
Total adipose tissue (cm?)

Svartberg et al*® 2008 Inj TU
Right leg fat (kg)

Page et al,”' 2005 TE
Percentage total body fat (%)

Sihetal,'*' 1997 TC

Boyanov et al,'** 2003  Oral TU

Crawford et al,'*® 2003 Mixed esters

Steidle et al,"*® 2003 Gel

Patch
Casaburi et al,"*® 2004
No training TE
Training TE
Page et al,”' 2005 TE
Kapoor et al,'** 2007

Mayo Clin Proc. ® February 2015;90(2):224-251 m http://dx.doi.org/10.1016/j.mayocp.2014.10.011
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Oral TU
Crawford et al,"*® 2003 Mixed esters

Oral TU

Mixed esters

Net
change

duration T group P group T over P

9 mo
36 mo
12 mo
6 mo
3 mo
12 mo
3 mo
3 mo
12 mo

10 wk
10 wk
12 mo
12 mo
6 mo

6 mo

9 mo
12 mo

10 wk
10 wk
36 mo
12 mo

12 mo

9 mo
12 mo

12 mo

12 mo

36 mo

12 mo
3 mo
12 mo
3 mo
3 mo

10 wk
10 wk
36 mo
3 mo

—1.8
-33
—1.7
—36
—1.65
-23
—038
—04
—02

—1.01
— .41
=54
—05
—1.0

—08

—06
—02

—0.55
—0.67
=&
0.1
—38

—1.2
—0.1

—49

—86

—09

-19

—109

—1.2
—05

=94
—17.0
—37

0.6 —24
—1.3 —20
03 -20
0.3 -39
=025 =4
0.7 -30
—0.1 —-0.7
—0.1 —03
085 —1.05
—-008 —-093
—0.13  —128
—06 —4.8
0.1 —0.6
—O0.1 —-09
-03 —05
0.2 —0.8
0.5 —0.7
034 —-089
ol -078
—04 =[5
0.0 0.1
=1l =27
0.5 — 1.7
0.0 —0.1
—10 -39
—27 -59
0.1 —1.0
193 =212
—0.1 =29
34 —143
—02 —1.0
—-02 —03
—0.1 =59
—22 —72
1.0 —180
—15 —22

Continued on next page
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TABLE 6. Continued

Reference, year

Net

Testosterone Treatment Change Change change

preparation  duration T group P group T over P

Percentage total body fat (%), continued
Kapoor et al,'** 2006
Svartberg et aI,28 2008
Allan et al,"*” 2008

Emmelot-Vonk et
2008
Aversa et al,”> 201

140
al,

0

Aversa et al,'** 2010

Waist circumference

(cm)

Marin et al,"*" 1993
Kapoor et al,'** 2007
Kapoor et al,‘43 2006
Svartberg et al*® 2008
Heufelder et al** 2009

Aversa et al,” 201
Kalinchenko et al,
2010

0

|\4‘3

Aversa et al, 442010

Mixed esters 3 mo -30 —1.8 —12
Inj TU 2 mo —189 —-19 =170
Patch 12 mo -29 04 —33
Oral TU 6 mo —47 0.0 —4.7
Inj TU 24 mo —185 05 —19

Inj TU 2 mo —184 06 —190
Gel 9 mo —-25 —0.6 —-19
Mixed esters 3 mo —-20 0.1 2.1
Mixed esters 3 mo —1.6  NA NA

Inj TU 12 mo =30 —10 —20
Gel 2 mo —14.6 —6.7 -79
Inj TU 24 mo —85 —05 —80
Inj TU 30 wk —58 —1.5 —43
Inj TU 2 mo —87 I.1 -9.7

Inj TU = parenteral testosterone undecanoate; Mixed esters = mixed parenteral testosterone

esters; NA = not available; TC = parenteral testosterone cypionate; TE = parenteral testosterone

enanthate; TU = testosterone undecanoate.

From Curr Diabetes Rev,
Publishers.
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with permission from Eureka Science LTD. ©2014 Bentham Science

study and found an inverse relationship between
serum T and atherosclerosis of the abdominal
aorta. Another study similarly found an inverse
relationship between serum T and intima-
media thickness of the thoracic aorta.'**

In a placebo-controlled trial, Aversa et al’’
documented reduction in carotid intima-media
thickness among T-deficient men, with a positive
correlation between the magnitude of the in-
crease in serum T with treatment and the magni-
tude of the reduction in intima-media thickness.
In a separate study of severely obese hypogonadal
men randomized to 54 weeks of diet and exercise
alone vs diet and exercise plus T treatment with
intramuscular injections of T undecanoate, T-
treated men had significant improvements in car-
diac ejection fraction, carotid intima-media thick-
ness, endothelial function, and epicardial fat, the
lattermost being associated with CAD.'®” Cessa-
tion of T therapy resulted in return of CV factors
to baseline 24 weeks later. These results suggest a
direct contribution of T therapy to CV health in
T-deficient men.'*

Summary Statement. Carotid intima-media
thickness and/or carotid plaque volume are

MAYO CLINIC PROCEEDINGS

inversely correlated with serum concentrations
of TT, bioavailable T, or free T.

Level of Evidence. 1Ia

Effects of Testosterone Therapy on Fat,
Muscle, and Obesity

More than 2 dozen RCTs and a similar number
of observational studies have consistently
revealed that T therapy in T-deficient men re-
sults in increased lean and muscle mass,
improved strength, decreased total and visceral
fat, decreased percent body fat, reduced body
mass index, and decreased waist circumference
(Table 6).1921:283334 150145 Thig reculy ap-
pears consistent and reliable over a wide range
of investigational tools and measures. There are
no studies documenting increased fat or obesity
as a result of T therapy.

Consistent with these results, men under-
going androgen deprivation therapy for
advanced prostate cancer have increased fat
mass, decreased lean mass, and increased
waist circumference' % and an increased
risk of incident diabetes and CV disease.'"
An experimental trial in humans in which
endogenous T was suppressed by luteinizing
hormone—releasing hormone followed by
graded doses of T gel with or without an aro-
matase inhibitor revealed that improvements
in fat and lean mass corresponded to serum T
dose and concentration.'®’ Estradiol concen-
trations were unrelated to lean mass but
contributed to reductions in fat mass.'”
Studies with dihydrotestosterone found
similar improvements in lean and fat mass." "’

Summary Statement. Testosterone therapy
is associated with a significant reduction in
obesity and fat mass.

Level of Evidence. Ib

Diabetes, Metabolic Syndrome, Glycemic
Control, Lipids, and Inflammatory Markers
Longitudinal population-based studies have
revealed that men with the lowest quartile of
endogenous serum T concentrations are at double
the risk of subsequent development of new-onset
diabetes and the metabolic syndrome.'”""'"’
In addition, studies have found that as
many as 40% to 50% of diabetic men are
T deficient."”*'"® In 4 placebo-controlled or

Mayo Clin Proc. ® February 2015;90(2):224-251 ® http://dx.doi.org/10.1016/j.mayocp.2014.10.011
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parallel open-label studies performed for 3 to 12
months in hypogonadal men with metabolic
syndrome or diabetes, insulin resistance
improved in all 4 studies’*”*'**!*” and fasting
glucose and HbA, . were improved in 3723H143
and unchanged in 1.'"” Several meta-analyses
investigating the impact of T treatment on lipids
revealed relatively small but significant reduc-
tions in total cholesterol, HDL cholesterol, and
low-density lipoprotein cholesterol, with no ef-
fect on triglycerides (Table 7). 87.147.148

Studies of glycemic control generally
found improvement in HbA;. and reduced
insulin resistance in men who received T
therapy. None showed worsening of glycemic
control or increased insulin resistance
(Table 8) 323+ 143145199150 \wrish reoard to in-
flammatory markers, several studies revealed
reduction in C-reactive protein or highly-
specific C-reactive protein as well as tumor ne-
crosis factor o, whereas others found no
change. None reported increased inflamma-
tory markers (Table 9),33:142.145.151-155

Summary Statement. Testosterone therapy
is associated with small decreases in serum
concentrations of total cholesterol, HDL
cholesterol, and low-density lipoprotein
cholesterol. No clear effect on triglycerides
has been documented.

Level of Evidence. 1Ia

Summary Statement. Testosterone therapy
is associated with a decrease in serum glucose
concentrations, HbA;., and insulin resistance
in diabetic and prediabetic men.

Level of Evidence. Ia

Summary Statement. Testosterone therapy
is associated with an inconsistent reduction
in serum concentrations of inflammatory
markers.

Level of Evidence. 1b

Testosterone in Men With Angina

Three  randomized,  placebo-controlled
studies' """ investigated the effect of T admin-
istration in men with known angina by tread-
mill testing, using time to 1-mm ST-segment
depression as an indication of myocardial

TABLE 7. Meta-analyses Regarding the Effects of Testosterone Administration
on Lipid Concentrations

Reference,
year Main findings
Haddad  In patients with low levels of baseline testosterone, exogenous
et al®’ testosterone did not affect any of the lipid subfractions
2007 In patients with normal levels of baseline testosterone, exogenous
testosterone resufted in a significant decrease in total cholesterol levels
In patients with normal levels of baseline testosterone, exogenous
testosterone did not affect the levels of LDL, HDL, or triglyceride levels
In patients with chronic disease or in those on glucocorticoid therapy,
exogenous testosterone resulted in a small decrease in levels of HDL
In patients with chronic disease or in those on glucocorticoid therapy,
exogenous testosterone did not affect the levels of total cholesterol,
LDL, or triglycerides
Isidori Exogenous testosterone resulted in reduced levels of total cholesterol

etal'"” The improvement in total cholesterol was more significant for patients

2005 with reduced levels of baseline testosterone

No significant change in total cholesterol in patients with baseline

testosterone of >10 nmol/L

Exogenous testosterone did not affect levels of LDL or HDL

The effect of testosterone replacement therapy on triglyceride levels was

not examined in this meta-analysis

Whitsel Exogenous testosterone resulted in small but significant reduction in the

etal'"® levels of total cholesterol, LDL, and HDL
2001 Exogenous testosterone did not affect triglyceride levels

HDL = high-density lipoprotein cholesterol; LDL = low-density lipoprotein cholesterol.

From | Am Heart Assoc,'°® with permission.

ischemia. In 2 of these studies, T was adminis-
tered intravenously 30 minutes before treadmill
testing,' "' and in the third, T was adminis-
tered via topical patch.'”” An increase in time
to ischemia was noted in all 3 trials.'”"'"”
These results are consistent with those of other
studies in humans in which T administration
has been found to cause vasodilation of the cor-
onary'*” and brachial'"*'"'** arteries and animal
studies that have documented vasodilation of
the coronary arteries in rabbit,'®’ dog,ItH and
pig'®” models.

Summary Statement. Testosterone therapy
improves time to onset of symptomatic angina
with exercise.

Level of Evidence. Ib

Testosterone and Congestive Heart Failure
An association between low levels of TT and/or
free T has been reported for mortality due to
congestive heart failure (CHF).'"*'®" Four

Mayo Clin Proc. ® February 2015;90(2):224-251 m http://dx.doi.org/10.1016/j.mayocp.2014.10.011
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TABLE 8. Effects of Testosterone Therapy on Indices of Glycemic Control®
Testosterone End points

measured

Reference, year
(study type)
Studies documenting a beneficial effect of testosterone therapy on indices of glycemic control
1822 Diabetic men HbA |, fasting HgA | decreased by 0.76% with TRT

formulation used Sample size Main findings

Corona et al,'* Various

2011 (meta- formulations and 10,009 plasma glucose, Fasting plasma glucose decreased by |.18 mmol/L with TRT
analysis, 37 (meta-analysis) nondiabetic men  triglycerides TG decreased by 0.67 with TRT
studies) (meta-analysis)

Heufelder TDP 16 Hypogonadal HOMA-IR, HbA ., HOMA-IR decreased by 4.2 in TRT group (P<.001)
et a,”* 2009 men with T2DM  fasting plasma ~ HbA . decreased by about 1% after 13 wk in TRT group (P<.001)
(SBRCT) glucose HbA | decreased by about 1.5% after 52 wk in TRT group (P<.001)

Fasting plasma glucose decreased by 1.9 mmol/L in TRT group
(P=.062)

Jones et al,*>  TDS 220 Hypogonadal HOMA-IR, HbA |, HOMA-IR decreased by 15.2% after 6 mo with TRT (P=018)
2011 men with T2DM  body HOMA-IR decreased by 16.4% after 12 mo with TRT (P=.006)
(DBRCT) and/or MetS composition HbA | decreased by 0.44% after 9 mo with TRT (P=.035)

Kalinchenko M I'13 Hypogonadal HOMA-IR, fasting HOMA-IR decreased by .49 in TRT group (overall P=.04)
etal'" 2011 men with MetS plasma glucose, No significant change in fasting plasma glucose in TRT group
(DBRCT) BMI, WC, waist- Significant reduction in BMI, weight, waist-to-hip ratio, hip

to-hip ratio circumference, and WC in TRT group (P<.00! for all except for

waist-to-hip ratio; P=.04 for waist-to-hip ratio)

Kapoor et al,'** IM* 24 Hypogonadal HOMA-IR, HgA |, HOMA-IR decreased by 1.73 in TRT group (P=.02)
2006 men with T2DM  fasting plasma ~ HgA . decreased by 0.37% in TRT group (P=.03)
(DBPCCQ) glucose Fasting plasma glucose decreased by .58 mmol/L in TRT group
(P=03)
Malkin et al,"*® M’ I3 Men with CHF HOMA-IR, fasting  HOMA-IR decreased by 1.9 in TRT (P=.03)
2007 and no T2DM plasma glucose, Fasting plasma glucose decreased by 0.6 mmol/L in TRT (P=.03)
(SBPCC) glucose Total body mass increased by |.5 kg in TRT (P=.008)
tolerance, body Percent body fat decreased by 0.8% in TRT (P=.02)
composition

Studies documenting a detrimental effect of testosterone therapy on indices of glycemic control
None identified

*BMI = body mass index; CHF = congestive heart failure; DBPCC = double-blind placebo-controlled crossover study; DBRCT = double-blind randomized controlled trial;
HgA . = hemoglobin A, HOMA-IR = homeostatic model of insulin resistance; IM = intramuscular; MetS = metabolic syndrome; SBPCC = single-blind placebo-
controlled crossover study; SBRCT = single-blind randomized controlled trial; T2DM = type 2 diabetes mellitus; T = transdermal; TG = triglycerides; TRT = testosterone
replacement therapy; WC = waist circumference.

®Heufelder et al’* administered testosterone gel, 50 mg TD, for 52 wk.

Jones et al** administered testosterone 2% gel, 3-g metered dose (60 mg testosterone), for 12 mo.

IKalinchenko et al'*? administered testosterone undecanoate, 1000 mg IM, given at baseline and after 6 and 18 wk.

®Kapoor et al'** administered testosterone, 200 mg IM once every 2 wk for 3 mo.

Malkin et al'®” administered Sustanon 250 (testosterone propionate 30 mg, testosterone phenylpropionate 60 mg, testosterone isocaproate 60 mg, and testosterone
decanoate 100 mg/mL) IM injection. Two IM injections were given 2 wk apart.

106

From | Am Heart Assoc, *° with permission.
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RCTs'®'“! involving T therapy or placebo in
individuals with CHF were analyzed in a
meta-analysis by Toma et al'”* in 2012. Three
of the RCTs studied men and 1 studied women.
Individuals who received T therapy had signif-
icant functional improvements in the 6-minute
walk test, incremental shuttle walk test, and/or
peak oxygen consumption.'*'?! Overall exer-
cise capacity was increased compared with pla-
cebo. No significant adverse CV events were
noted."®*'?" Two additional, more recent

placebo-controlled trials have confirmed bene-
ficial functional results of T therapy in men
with CHF.""!

Summary Statement. Testosterone therapy
improves exercise capacity and peak oxygen
consumption in men with symptomatic CHF
as defined by New York Heart Association
functional class 1.

Level of Evidence. Ia

Mayo Clin Proc. ® February 2015;90(2):224-251 ® http://dx.doi.org/10.1016/j.mayocp.2014.10.011

www.mayoclinicproceedings.org



TESTOSTERONE AND CARDIOVASCULAR RISK

TABLE 9. Effects of Testosterone Therapy on Markers of Inflammation®

Reference, year Testosterone Duration Main outcomes
(type of study) Sample size formulation used of TTh measured Major findings
Studies documenting beneficial effect of testosterone therapy on markers of inflammation
Aversa et al,”? 50 Men (40 Testosterone 24 mo hsCRP, HOMA-IR, Significant reduction in hsCRP with TTh
2010 (DBRCT) received TRT undecanoate, 1000 CIMT Significant reduction in HOMA-IR with
and |0 received  mg IM once every TTh
placebo) 12 wk Significant reduction in CIMT with TTh
Guler et al,"” 41 Men (25 Sustanon 250 IM once 3 wk hsCRP, IL-6, TNF-a Significant reduction in hsCRP with TTh
2006 (CCS) received TRT weekly” Significant reduction in IL-6 with TTh
and |6 received Significant increase in TNF-a in both
placebo) groups
Kalinchenko et al,'* 171 Men (105 Testosterone Given at CRP, IL-1B, IL-6,  Significant reduction in CRP with TTh
2010 (DBRCT) received TRT undecanoate, 1000 baseline and  IL-10, TNF-a Significant reduction in TNF-a with TTh
and 65 received  mg IM after 6 and Significant reduction in IL-1B with TTh
placebo) 18 wk
Kapoor et al,'* 20 Men Sustanon 200 IM once 3 mo CRP, IL-6, TNF-a,, No significant change in levels of CRP with
2007 (DBPCC) every 2 wk® leptin, TTh
adiponectin, No significant change in levels of TNF-a
resistin with TTh
No significant change in levels of IL-6 with
TTh
Malkin et al,"* 27 Men Sustanon 100 IM once | mo TNF-a, IL-1B, IL-10 Significant reduction in TNF-at with TTh
2004 (SBRCT) every 2 wk’ Significant reduction in IL-IB with TTh

Significant increase in IL-10 with TTh
Studies documenting no effect of testosterone therapy on markers of infllmmation

Nakhai-Pour et al,'>* 237 Men Testosterone 26 wk hsCRP No significant change in levels of hsCRP
2007(DBRCT) undecanoate, 160 with TTh
mg PO daily
Ng et al,'”* 33 Men (16 Dihydrotestosterone, 3 mo hsCRP, sIL-6, No significant change in levels of hsCRP
2002 (CCS) received TTh 70 mg TD daily SICAM-I, with TTh
and |7 were sVCAM- | No significant change in sSICAM-| with
controls) TTh
No significant change in sVCAM-| with
TTh
Singh et al,"** 61 Men Patients randomized to 20 wk Total cholesterol, No significant correlation between
2002 (DBRCT) | of 5 treatment LDL, HDL, endogenous testosterone levels and
groups, each group VLDL, TG, CRP,  levels of CRP
receiving varying apolipoprotein  No change in CRP levels with T therapy,
doses of B, regardless of the testosterone dose
testosterone apolipoprotein
enanthate” CHll

Studies documenting negative effect of testosterone therapy on markers of inflammation
None identified

*CCS = case-control study; CIMT = carotid artery intima-media thickness; CRP = C-reactive protein; DBPCC = double-blind placebo-controlled crossover study;
DBRCT = double-blind randomized controlled trial; HDL = high-density lipoprotein cholesterol; HOMA-IR = homeostatic model of insulin resistance; hsCRP = high-
sensitivity CRP; IL = interleukin; IM = intramuscular; LDL = low-density lipoprotein cholesterol; PO = by mouth; SBRCT = single-blind randomized controlled study;
sICAM-| = soluble intracellular adhesion molecule |; slL = soluble IL; sVCAM-1 = soluble vascular cell adhesion molecule |; TD = transdermal; TG = triglycerides;
TNF-a. = tumor necrosis factor a; TRT = testosterone replacement therapy; TTh = testosterone therapy; VLDL = very low-density lipoprotein cholesterol.
®Sustanon 250 contains 30 mg testosterone propionate, 60 mg testosterone phenylpropionate, 60 mg testosterone isocaproate, and |00 mg testosterone decanoate.
“Sustanon 200 contains 30 mg testosterone propionate, 60 mg testosterone phenylpropionate, 60 mg testosterone isocaproate, and |00 mg testosterone decanoate.
Sustanon 100 contains 20 mg testosterone propionate, 40 mg testosterone phenylpropionate, and 40 mg testosterone isocaproate.

SSingh et al'>* study: group | (n=12) received testosterone enanthate, 25 mg IM weekly; group 2 (n=12) received testosterone enanthate, 50 mg IM weeKly; group 3
(n=12) received testosterone enanthate, 125 mg IM weekly; group 4 (n=1I1) received testosterone enanthate, 300 mg IM weekly; and group 5 (n=14) received
testosterone enanthate, 600 mg IM weekly.

From | Am Heart Assoc,'%° with permission.
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TABLE 10. Summary Statements

Testosterone and cardiovascular risk summary assessments

Low levels of total, bicavailable, and free testosterone are associated with
increased risk of mortality from all causes and CV disease

Incident CAD s associated with lower levels of total, bioavailable, or free
testosterone

Severity of CAD is inversely correlated with serum concentrations of total,
bioavailable, or free testosterone

The available evidence is insufficient to conclude whether there exists a
relationship between ischemic stroke and serum androgens

Carotid intima-media thickness and/or carotid plaque volume are inversely
correlated with serum concentrations of total, bioavailable, or free
testosterone

Testosterone therapy is associated with a significant reduction in obesity
and fat mass

Testosterone therapy is associated with small decreases in serum
concentrations of total cholesterol, HDL, and LDL. No clear effect on
triglycerides has been documented

Testosterone therapy is associated with a decrease in serum glucose
concentrations, HbA ., and insulin resistance in diabetic and prediabetic
men

Testosterone therapy is associated with an inconsistent reduction in serum
concentrations of inflammatory markers

Testosterone therapy improves time to onset of symptomatic angina with
exercise

Testosterone therapy improves exercise capacity and peak oxygen
consumption in men with symptomatic congestive heart failure as
defined by NYHA functional class |l

Evidence
level

lla

lla

lla

NA

lla

la

CAD = coronary artery disease; CV = cardiovascular; HbA|. = hemoglobin A, HDL = high-
density lipoprotein cholesterol; LDL = low-density lipoprotein cholesterol; NA = not available;

NYHA = New York Heart Association.

DISCUSSION

A large body of scientific and clinical evidence
accumulated over several decades has revealed a
broad and robust relationship between serum T
and CV health. Specifically, low T levels are
strongly associated with increased mortality in
multiple studies, as well as with atherosclerosis,
incident CAD, and severity of CAD. Men with
relatively low endogenous T concentrations are
at increased risk of subsequent development of
diabetes and the metabolic syndrome. %>
Creation of a T-deficient state, viaandrogen depri-
vation for medical indications or experimentally,
results in worsening of CV risk factors such as
obesity, fat mass, and insulin resistance.”'’
Conversely, T therapy in T-deficient men
increases lean mass, | +19-2228.30.139,150,196-202

reduces fat
145,196,198, 201-211

14,17-28,30,33-35,139,143-
mass, 70T

. . . . 32-
improves insulin resistance,”
34,143,150,188,196-198,201,204,206,207

’ T e decreases

MAYO CLINIC PROCEEDINGS

3

carotid intima-media thickness,”
risk of mortality and improves surviva

It was therefore surprising when 2 recently
published studies suggested increased CV risks
associated with T prescriptions.'” Although
these 2 studies gained enormous media attention
and prompted an FDA safety review, neither ap-
pears to provide credible evidence of increased
risk. Only 2 additional studies are generally cited
as providing support for the concern that T ther-
apy may be associated with increased CV risk,
each with important limitations that preclude
drawing conclusions of increased CV risk.””"®
These studies have undergone serious criticism
in the scientific literature.>">""*'* The FDA it-
self has provided commentary on these studies,
concluding that none provide compelling evi-
dence of increased CV risk.”" However, final
comments by the FDA following the report
based on an advisory committee meeting in
September 2014 have not yet been published.

These negative reports have had a chilling ef-
fect on the medical community with regard to the
treatment of men with TD, and the concemn
regarding CV risks has fueled a wide variety of
complaints and opinions on the merits of T ther-
apy in general. It is anticipated that further clarity
will be achieved with reporting of results from the
Testosterone Trials,”"” the largest prospective T
trial to date, in which approximately 800 men
were followed for 12 months. This trial may pro-
vide suggestive results regarding CV risk
markers, but is underpowered for a comparison
of CV outcomes in T-treated vs placebo-treated
men. Results are anticipated in 2015.

In the meantime, clinicians must make de-
cisions based on the best available evidence.
One potential benefit of the increased atten-
tion to this issue is recognition of the strong
positive relationship between serum andro-
gens and CV health. This relationship is not
widely recognized. With regard to the strong
association of low T values and mortality in
observational studies, it is possible that a low
T concentration merely serves as a surrogate
marker for poor health, with poor prognosis.
Although nearly all studies attempted to adjust
for relevant confounders, it may be impossible
to adjust for all known and unknown con-
founders. Nonetheless, the consistent im-
provements in CV risk factors seen with T
therapy in T-deficient men do provide a plau-
sible biological mechanism whereby normal

and reduces
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serum T concentrations favor CV health and
support the perspective that T therapy may
help establish and maintain CV health in
T-deficient men.

CONCLUSION

In the absence of large, prospective, placebo-
controlled studies of several years’ duration,
it is impossible to provide any definitive
comment on the absolute safety or risk of T
therapy with regard to CV outcomes. Howev-
er, review of the literature clearly reveals a
strong relationship between higher serum T
concentrations, endogenous or via T therapy,
as beneficial for reduction of CV disease and
CV risk factors. Public health may be harmed
not only by inadequate appreciation of an
actual risk but also by the failure to offer bene-
ficial treatment for a medical condition
because of false claims of risk concerns. On
the basis of the current state of evidence,
placing restrictions on the appropriate use of
T therapy for T-deficient men is likely to result
in compromise of public health and a substan-
tially increased future financial burden on the
US health care system.

In summary, we find no scientific basis for
the suggestion that T therapy increases CV
risk. In fact, as of this date, we are unaware
of any compelling evidence that T therapy is
associated with increased CV risk. On the con-
trary, the weight of evidence accumulated by
researchers around the world over several de-
cades clearly indicates that higher levels of T
are associated with amelioration of CV risk
factors and reduced risk of mortality.

ACKNOWLEDGMENTS
This article is dedicated to the memory of our
dear friend and colleague, Andre T. Guay, MD.

Abbreviations and Acronyms: CAD = coronary artery
disease; CHF = congestive heart failure; CV = cardiovascular;
FDA = Food and Drug Administration; HbA; . = hemoglobin
A HDL = high-density lipoprotein; HR = hazard ratio;
MACE = major adverse cardiac events; Ml = myocardial
infarction; PDESi = phosphodiesterase type 5 inhibitor;
RCT = randomized controlled trial; SHBG = sex hormone—
binding globulin; T = testosterone; TD = T deficiency; TT =
total T

Potential Competing Interests: Dr Morgentaler has been
on the scientific advisory board or worked as a consultant
for AbbVie Inc, Auxilium Pharmaceuticals, Inc, Clarus

Therapeutics, Endo Pharmaceuticals, and TesoRx; has
received research funding from Antares Pharma, Auxilium
Pharmaceuticals, Inc, Lipocine Inc, and Eli Lilly and Company;
has received lecture honoraria from Bayer and Pfizer; owns
stock as a co-founder of MHB Labs, LLC. Dr Khera has
worked as a consultant for Auxilium Pharmaceuticals, Inc,
and has received research funding from Auxilium Pharma-
ceuticals, Inc. Dr Miner has worked as a consultant for Abb-
Vie Inc and Lipocine Inc and has received research funding
from Forest Laboratories, Inc. Dr Guay has worked as a
consultant for Endo Pharmaceuticals Inc and Repros Phar-
maceuticals Inc.

Correspondence: Address to Abraham Morgentaler, MD,
Men'’s Health Boston, 200 Boylston St, Ste A309, Chestnut
Hill, MA 02467 (dr.morgentaler@menshealthboston.com).

REFERENCES

1. Vigen R, O'Donnell Cl, Barén AE, et al. Association of testos-
terone therapy with mortality, myocardial infarction, and
stroke in men with low testosterone levels [published correc-
tion appears in JAMA. 2014;311(9):967]. JAMA. 2013;310(17):
1829-1836.

2. Finkle WD, Greenland S, Ridgeway GK, et al. Increased risk of
non-fatal myocardial infarction following testosterone therapy
prescription in men. PloS One. 2014;9(1):e85805.

3. Baillargeon J, Urban R], Ottenbacher K], Pierson KS, Goodwin JS.
Trends in androgen prescribing in the United States, 2001 to
201 | [published correction appears in JAMA Intern Med. 2013;
173(15):1477]. JAMA Intern Med. 2013;173(15):1465-1466.

4. Handelsman D). Global trends in testosterone prescribing,
2000-201 I: expanding the spectrum of prescription drug
misuse. Med | Aust. 2013;199(8):548-551.

5. Overselling testosterone, dangerously [editorial]. New York
Times website. http://www.nytimes.com/2014/02/05/opinion/
overselling-testosterone-dangerously.html?_r=0.  Published
February 4, 2014. Accessed August 31, 2014.

6. Endocrine Society. Endocrine Society calls for large-scale
studies to evaluate testosterone therapy risks [press release].
Endocrine Society website. https://www.endocrine.org/news-
room/current-press-releases/endocrine-society-calls-for-large-
scale-studies-to-evaluate-testosterone-therapy-risks. Accessed
August 31, 2014,

7. US Food and Drug Administration. Testosterone products: drug
safety communication - FDA investigating risk of cardiovascular
events. US Food and Drug Administration website. http:/
www.fda.gov/safety/medwatch/safetyinformation/safetyalerts
forhumanmedicalproducts/ucm384225.htm. Published January
31,2014, Accessed August 31, 2014.

8. Corona G, Maseroli E, Rastrelli G, et al. Cardiovascular risk
associated with testosterone-boosting medications: a system-
atic review and meta-analysis. Expert Opin Drug Saf. 2014;
I3(10):1327-1351.

9. Bhasin S, Cunningham GR, Hayes FJ, et al. Testosterone ther-
apy in men with androgen deficiency syndromes: an Endo-
crine Society clinical practice guideline. | Clin Endocrinol
Metab. 2010,95(6):2536-2559.

10. Wang C, Nieschlag E, Swerdloff R, et al; International Society
of Andrology (ISA); International Society for the Study of Ag-
ing Male (ISSAM); European Association of Urology (EAU);
European Academy of Andrology (EAA); American Society
of Andrology (ASA). Investigation, treatment, and monitoring
of late-onset hypogonadism in males: ISA, ISSAM, EAU, EAA,
and ASA recommendations. | Androl. 2009;30(1):1-9.

11. Keating NL, O'Malley AJ, Smith MR. Diabetes and cardiovas-
cular disease during androgen deprivation therapy for prostate
cancer. | Clin Oncol. 2006;24(27):4448-4456.

Mayo Clin Proc. ® February 2015;90(2):224-251 m http://dx.doi.org/10.1016/j.mayocp.2014.10.011

www.mayoclinicproceedings.org

245



20.

21.

22.

23.

24.

25.

26.

27.

28.

246

Bolofia ER, Uraga MV, Haddad RM, et al. Testosterone use in
men with sexual dysfunction: a systematic review and meta-
analysis of randomized placebo-controlled trials. Mayo Clin
Proc. 2007;82(1):20-28.

. Corona G, Isidori AM, Buvat J, et al. Testosterone supplemen-

tation and sexual function: a meta-analysis study. | Sex Med.
2014;11(6):1577-1592.

. Wang C, Swerdloff RS, Iranmanesh A, et al; Testosterone Gel

Study Group. Transdermal testosterone gel improves sexual
function, mood, muscle strength, and body composition pa-
rameters in hypogonadal men. | Clin Endocrinol Metab. 2000;
85(8):2839-2853.

Hackett G, Cole N, Bhartia M, Kennedy D, Raju J, Wilkinson P.
Testosterone replacement therapy with long-acting testos-
terone undecanoate improves sexual function and quality-
of-life parameters vs. placebo in a population of men with
type 2 diabetes. | Sex Med. 2013;10(6):1612-1627.

. Tong SF, Ng CJ, Lee BC, et al. Effect of long-acting testos-

terone undecanoate treatment on quality of life in men
with testosterone deficiency syndrome: a double blind ran-
domized controlled trial. Asian | Androl. 2012;14(4):604-61 1.
Pexman-Fieth C, Behre HM, Morales A, Kan-Dobrosky N,
Miller MG. A 6-month observational study of energy, sexual
desire, and body proportions in hypogonadal men treated
with a testosterone 1% gel. Aging Male. 2014;17(1):1-11.

. Yassin DJ, Doros G, Hammerer PG, Yassin AA. Long-term

testosterone treatment in elderly men with hypogonadism
and erectile dysfunction reduces obesity parameters and im-
proves metabolic syndrome and health-related quality of life.
J Sex Med. 2014;11(6):1567-1576.

. Srinivas-Shankar U, Roberts SA, Connolly M), et al. Effects of

testosterone on muscle strength, physical function, body
composition, and quality of life in intermediate-frail and frail
elderly men: a randomized, double-blind, placebo-controlled
study. J Clin Endocrinol Metab. 2010,95(2):639-650.
Finkelstein JS, Lee H, Bumett-Bowie SA, et al. Gonadal ste-
roids and body composition, strength, and sexual function in
men. N Engl | Med. 2013369(11):1011-1022.

Page ST, Amory JK, Bowman FD, et al. Exogenous testos-
terone (T) alone or with finasteride increases physical perfor-
mance, grip strength, and lean body mass in older men with
low serum T. J Clin Endocrinol Metab. 2005;90(3):1502-1510.
Bhasin S, Travison TG, Storer TV, et al. Effect of testosterone
supplementation with and without a dual 5a-reductase inhib-
itor on fat-free mass in men with suppressed testosterone
production: a randomized controlled trial. JAMA. 2012;
307(9):931-939.

Haider A, Yassin A, Doros G, Saad F. Effects of long-term
testosterone therapy on patients with “diabesity: results of
observational studies of pooled analyses in obese hypogona-
dal men with type 2 diabetes. Int J Endocrinol. 2014;2014:
683515.

Saad F, Haider A, Doros G, Traish A. Long-term treatment of
hypogonadal men with testosterone produces substantial and
sustained weight loss. Obesity (Silver Spring). 2013;21(10):
1975-1981.

Traish AM, Haider A, Doros G, Saad F. Long-term testos-
terone therapy in hypogonadal men ameliorates elements of
the metabolic syndrome: an observational, long-term registry
study. Int | Clin Pract. 2014;68(3):314-329.

Yassin A, Doros G. Testosterone therapy in hypogonadal men
results in sustained and clinically meaningful weight loss. Clin
Obes. 2013;3(3-4):73-83.

Hackett G, Cole N, Bhartia M, Kennedy D, Raju J, Wilkinson P;
BLAST Study Group. Testosterone replacement therapy im-
proves metabolic parameters in hypogonadal men with type
2 diabetes but not in men with coexisting depression: the
BLAST study. | Sex Med. 2014;11(3):840-856.

Svartberg J, Agledahl |, Figenschau Y, Sildnes T, Waterloo K,
Jorde R. Testosterone treatment in elderly men with

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

45,

46.

MAYO CLINIC PROCEEDINGS

subnormal testosterone levels improves body composition
and BMD in the hip. Int J Impot Res. 2008;20(4):378-387.
Aversa A, Bruzziches R, Francomano D, et al. Effects of long-
acting testosterone undecanoate on bone mineral density in
middle-aged men with late-onset hypogonadism and meta-
bolic syndrome: results from a 36 months controlled study.
Aging Male. 2012;15(2):96-102.

Wang C, Cunningham G, Dobs A, et al. Long-term testos-
terone gel (AndroGel) treatment maintains beneficial effects
on sexual function and mood, lean and fat mass, and bone
mineral density in hypogonadal men. | Clin Endocrinol Metab.
2004,89(5):2085-2098.

Wang C, Swerdloff RS, Iranmanesh A, et al. Effects of trans-
dermal testosterone gel on bone turmnover markers and
bone mineral density in hypogonadal men. Clin Endocrinol
(Oxf). 2001;54(6):739-750.

Jones TH, Arver S, Behre HM, et al; TIMES2 Investigators.
Testosterone replacement in hypogonadal men with type 2
diabetes and/or metabolic syndrome (the TIMES2 study). Dia-
betes Care. 201 1;34(4):828-837.

Aversa A, Bruzziches R, Francomano D, et al. Effects of testos-
terone undecanoate on cardiovascular risk factors and athero-
sclerosis in middle-aged men with late-onset hypogonadism
and metabolic syndrome: results from a 24-month, random-
ized, double-blind, placebo-controlled study. | Sex Med.
2010;7(10):3495-3503.

Heufelder AE, Saad F, Bunck MC, Gooren L. Fifty-two-week
treatment with diet and exercise plus transdermal testos-
terone reverses the metabolic syndrome and improves glyce-
mic control in men with newly diagnosed type 2 diabetes and
subnormal plasma testosterone. | Androl. 2009;30(6):726-733.
Haider A, Saad F, Doros G, Gooren L. Hypogonadal obese
men with and without diabetes mellitus type 2 lose weight
and show improvement in cardiovascular risk factors when
treated with testosterone: an observational study. Obes Res
Clin Pract. 2014;8(4):e339-e349.

Morgentaler A, Khera M, Maggi M, Zitzmann M. Commentary:
who is a candidate for testosterone therapy? a synthesis of in-
ternational expert opinions. | Sex Med. 2014;1 1(7):1636-1645.
Buvat J, Maggi M, Guay A, Torres LO. Testosterone deficiency
in men: systematic review and standard operating procedures
for diagnosis and treatment. | Sex Med. 2013;10(1):245-284.
Halmenschlager G, Rhoden EL, Riedner CE. Calculated free
testosterone and radioimmunoassay free testosterone as a
predictor of subnormal levels of total testosterone. Int Urol
Nephrol. 2012;44(3):673-681.

Wu FC, Tajar A, Beynon M, et al; EMAS Group. Identification
of late-onset hypogonadism in middle-aged and elderly men.
N Engl | Med. 2010;363(2):123-135.

Morgentaler A. Commentary: guideline for male testosterone
therapy; a clinician’s perspective. | Clin Endocrinol Metab. 2007;
92(2):416-417.

Lazarou S, Reyes-Vallejo L, Morgentaler A. Wide variability in
laboratory reference values for serum testosterone. | Sex Med.
2006;3(6):1085-1089.

Zarotsky V, Huang M-Y, Carman W, et al. Systematic litera-
ture review of the epidemiology of nongenetic forms of hypo-
gonadism in adult males. | Hormones. 2014;2014:190347.
Gan EH, Pattman S, Pearce SHS, Quinton R A UK epidemic
of testosterone prescribing, 2001-2010. Clin Endocrinol (Oxf).
2013;79(4):564-570.

Layton JB, Li D, Meier CR, et al. Testosterone lab testing and
initiation in the United Kingdom and the United States, 2000
to 201 1. J Clin Endocrinol Metab. 2014;99(3):835-842.

US Food and Drug Administration. http://www.fda.gov/fdac/
departs/|96_upd.html. Accessed March 6, 2007.

Hall SA, Araujo AB, Esche GR, et al. Treatment of symptom-
atic androgen deficiency: results from the Boston Area Com-
munity Health Survey. Arch Intem Med. 2008;168(10):
1070-1076.

Mayo Clin Proc. ® February 2015;90(2):224-251 ® http://dx.doi.org/10.1016/j.mayocp.2014.10.011

www.mayoclinicproceedings.org



TESTOSTERONE AND CARDIOVASCULAR RISK

47.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64,

65.

66.

67.

68.

Khera M, Crawford D, Morales A, Salonia A, Morgentaler A.
A new era of testosterone and prostate cancer: from physi-
ology to clinical implications. Eur Urol. 2014;65(1):115-123.
Snyder Bulik B. Ad spending: |15 years of DTC. Ad Age Insights
White Paper. 201 1:3-9.

Saad F, Gooren LJ. Late onset hypogonadism of men is not
equivalent to the menopause. Maturitas. 2014;79(1):52-57.
Travison TG, Araujo AB, Kupelian V, O’Donnell AB,
McKinlay JB. The relative contributions of aging, health, and
lifestyle factors to serum testosterone decline in men. | Clin
Endocrinol Metab. 2007,92(2):549-555.

Fui MN, Dupuis P, Grossmann M. Lowered testosterone in
male obesity: mechanisms, morbidity and management. Asian
J Androl. 2014;16(2):223-231.

Nieschlag E, Nieschlag S. Testosterone deficiency: a historical
perspective. Asian | Androl. 2014;16(2):161-168.

Beaser SB, Massell TB. Therapeutic evaluation of testosterone
in peripheral vascular disease. N Engl | Med. 1942,227(2):
43-44.

Edwards EA, Hamilton JB, Duntley SQ. Testosterone propio-
nate as therapeutic agent in patients with organic disease of
the peripheral vessels—preliminary report. N Engl | Med.
1939;220(21):865.

Uricchio JF, Calenda DG. Treatment of angina pectoris. N Engl
J Med. 1953;249(17):689-698.

Lesser MA. The treatment of angina pectoris with testos-
terone propionate—preliminary report. N Engl | Med. 1942;
226(2):51-54.

Lesser MA. The treatment of angina pectoris with testos-
terone propionate—further observations. N Engl | Med.
1943;228(6):185-188.

Levine SA, Likoff WB. The therapeutic value of testosterone
propionate in angina pectoris. N Engl | Med. 1943;229(21):
770-772.

Lesser MA. Testosterone propionate therapy in one hundred
cases of angina pectoris. | Clin Endocrinol Metab. 19466
549-557.

Moskovic DJ, Araujo AB, Lipshultz LI, Khera M. The 20-year
public health impact and direct cost of testosterone deficiency
in US. men. | Sex Med. 2013;10(2):562-569.

Haring R, Baumeister SE, Vélzke H, et al. Prospective associa-
tion of low serum total testosterone levels with health care
utilization and costs in a population-based cohort of men.
Int | Androl. 2010;33(6):800-809.

Khaw KT, Dowsett M, Folkerd E, et al. Endogenous testos-
terone 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(23):2694-2701.

Laughlin GA, Barrett-Connor E, Bergstrom J. Low serum
testosterone and mortality in older men. | Clin Endocrinol
Metab. 2008;93(1):68-75.

Corona G, Rastrelli G, Monami M, et al. Hypogonadism as a
risk factor for cardiovascular mortality in men: a meta-
analytic study. Eur | Endocrinol. 201 1;165(5):687-701.

Haring R, Volzke H, Steveling A, et al. Low serum testos-
terone levels are associated with increased risk of mortality
in a population-based cohort of men aged 20-79. Eur
Heart J. 2010;31(12):1494-1501.

Menke A, Guallar E, Rohrmann S, et al. Sex steroid hormone
concentrations and risk of death in US men. Am | Epidemiol.
2010;171(5):583-592.

Tivesten A, Vandenput L, Labrie F, et al. Low serum testos-
terone and estradiol predict mortality in elderly men. J Clin
Endocrinol Metab. 2009,94(7):2482-2488.

Yeap BB, Alfonso H, Chubb SA, et al. In older men an optimal
plasma testosterone is associated with reduced all-cause mor-
tality and higher dihydrotestosterone with reduced ischemic
heart disease mortality, while estradiol levels do not predict
mortality. | Clin Endocrinol Metab. 2014,99(1):E9-E|8.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Shores MM, Smith  NL, Forsberg CW, Anawalt BD,
Matsumoto AM. Testosterone treatment and mortality in
men with low testosterone levels. | Clin Endocrinol Metab.
2012,97(6):2050-2058.

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 | Endocrinol. 2013;169(6):725-
733.

Morgentaler A, Kacker R. Andrology: testosterone and cardio-
vascular risk—deciphering the statistics. Nat Rev Urol. 2014;
I1(3):131-132.

Morgentaler A, Lunenfeld B. Testosterone and cardiovascular
risk: world's experts take unprecedented action to correct
misinformation [editorial]. Aging Male. 2014;17(2):63-65.
Morgentaler A. Testosterone, cardiovascular risk, and hormo-
nophobia. | Sex Med. 2014;11(6):1362-1366.

US Food and Drug Administration. Citizen petition denial
response from FDA CDER to Public Citizen. Regulations.
gov website. http://www.regulations.gov/#!documentDetail;
D=FDA-2014-P-0258-0003.  Published July 16, 2014.
Accessed August 31, 2014.

Xu L, Freeman G, Cowling B, 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, et al. Adverse events
associated with testosterone administration. N Engl | Med.
2010;363(2):109-122.

Traish AM, Guay AT, Morgentaler A. Death by testosterone?
we think notl. | Sex Med. 2014;11(3):624-629.

Xu S, Shetterly S, Powers D, et al. Extension of Kaplan-Meier
methods in observational studies with time-varying treatment.
Value Health. 2012;15(1):167-174.

Correction: Incorrect language. JAMA. 2014;311(3):306.
http://jamajamanetwork.com/article.aspxlarticleid=1814192.
Accessed April 26, 2014.

Correction: Incorrect number of excluded patients reported
in the text and figure. JAMA. 201431 1(9):967. http:/jama.
jamanetwork.com/article.aspxfarticleid=1835478.  Accessed
April 26, 2014.

Petersen LA, Wright S, Normand SL, Daley J. Positive predictive
value of the diagnosis of acute myocardial infarction in an
administrative database. | Gen Intern Med. 1999;14(9):555-558.
Fisher ES, Whaley FS, Krushat WM, et al. The accuracy of
Medicare’s hospital claims data: progress has been made,
but problems remain. Am J Public Health. 1992;82(2):243-248.
National Institutes of Health, National Heart, Lung, and Blood
Institute. Risk assessment tool for estimating your |0-year risk
of having a heart attack. National Heart, Lung, and Blood Insti-
tute website. http://cvdrisk.nhlbinih.gov/calculator.asp. Updated
May, 2013. Accessed April 21, 2014.

Copenhagen Study Group for Liver Diseases. Testosterone
treatment of men with alcoholic cirrhosis: a double-blind
study. Hepatology. 1986;6(5):807-813.

Calof OM, Singh AB, Lee ML, et al. Adverse events associated
with testosterone replacement in middle-aged and older men:
a meta-analysis of randomized, placebo-controlled trials.
| Gerontol A Biol Sci Med Sci. 2005;60(1 1):1451-1457.
Ferndndez-Balsells MM, Murad MH, Lane M, et al. Adverse effects
of testosterone therapy in adult men: a systematic review and
meta-analysis. | Clin Endocrinol Metab. 2010,95(6):2560-2575.
Haddad RM, Kennedy CC, Caples SM, et al. Testosterone and
cardiovascular risk in men: a systematic review and meta-
analysis of randomized placebo-controlled trials. Mayo Clin
Proc. 2007;82(1):29-39.

Corona G, Maseroli E, Rastrelli G, et al. Cardiovascular risk
associated with testosterone-boosting medications: a system-
atic review and meta-analysis. Expert Opin Drug Saf. Aug 19
2014:1-25.

Mayo Clin Proc. ® February 2015;90(2):224-251 m http://dx.doi.org/10.1016/j.mayocp.2014.10.011
www.mayoclinicproceedings.org

247



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

248

Pye SR, Huhtaniemi IT, Finn JD, et al; EMAS Study Group.
Late-onset hypogonadism and mortality in aging men. | Clin
Endocrinol Metab. 2014,99(4):1357-1366.

Haring R, Teng Z, Xanthakis V, 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(4):629-634.

Hyde Z, Norman PE, Flicker L, 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(1):179-189.

Lerchbaum E, Pilz S, Boehm BO, Grammer TB, Obermayer-
Pietsch B, Marz W. Combination of low free testosterone
and low vitamin D predicts mortality in older men referred
for coronary angiography. Clin Endocrinol (Oxf). 2012;77(3):
475-483.

Haring R, Nauck M, Vélzke H, et al. Low serum testosterone is
associated with increased mortality in men with stage 3 or
greater nephropathy. Am | Nephrol. 201 1;33(3):209-217.
Kyriazis J, Tzanakis I, Stylianou K, et al. Low serum testos-
terone, arterial stiffness and mortality in male haemodialysis
patients. Nephrol Dial Transplant. 201 1;26(9):2971-2977.
Carrero JJ, Qureshi AR, Nakashima A, et al. Prevalence and
clinical implications of testosterone deficiency in men with
end-stage renal disease. Nephrol Dial Transplant. 201 1;26(1):
184-190.

Malkin CJ, Pugh PJ, Morris PD, Asif S, Jones TH, Channer KS.
Low serum testosterone and increased mortality in men with
coronary heart disease. Heart. 2010;96(22):1821-1825.
Corona G, Monami M, Boddi V, et al. Low testosterone is asso-
ciated with an increased risk of MACE lethality in subjects with
erectile dysfunction. | Sex Med. 2010;7(4, pt 1):1557-1564.
Ponikowska B, Jankowska EA, Maj J, et al. Gonadal and adrenal
androgen deficiencies as independent predictors of increased
cardiovascular mortality in men with type Il diabetes mellitus
and stable coronary artery disease. Int | Cardiol. 2010;143(3):
343-348.

Militaru C, Donoiu |, Dracea O, lonescu DD. Serum testos-
terone and short-term mortality in men with acute myocardial
infarction. Cardiology . 2010;17(3):249-253.

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 | Endocri-
nol. 2009;161(3):435-442.

Carrero J), Qureshi AR, Parini P, et al. Low serum testosterone
increases mortality risk among male dialysis patients. | Am Soc
Nephrol. 2009;20(3):613-620.

Lehtonen A, Huupponen R, Tuomilehto J, et al. Serum testos-
terone but not leptin predicts mortality in elderly men. Age
Ageing. 2008;37(4):461-464.

Araujo AB, Kupelian V, Page ST, Handelsman D}, Bremner W,
McKinlay JB. Sex steroids and all-cause and cause-specific mor-
tality in men. Arch Intem Med. 2007;167(12):1252-1260.
Shores MM, Matsumoto AM, Sloan KL, Kivlahan DR. Low
serum testosterone and mortality in male veterans. Arch Intern
Med. 2006;166(15):1660-1665.

Shores MM, Biggs ML, Arnold AM, et al. Testosterone, dihy-
drotestosterone, and incident cardiovascular disease and mor-
tality in the Cardiovascular Health Study. | Clin Endocrinol
Metab. 2014,99(6):2061-2068.

Mesbah Oskui P, French W), Herring M, Mayeda GS,
Burstein S, Kloner RA. Testosterone and the cardiovascular
system: a comprehensive review of the clinical literature.
J Am Heart Assoc. 2013;2(6):e000272.

Zhao SP, Li XP. The association of low plasma testosterone
level with coronary artery disease in Chinese men. Int | Cardiol.
1998,63(2):161-164.

English KM, Mandour O, Steeds RP, Diver MJ, Jones TH,
Channer KS. Men with coronary artery disease have lower

109.

110.

11,

112.

113.

114,

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

MAYO CLINIC PROCEEDINGS

levels of androgens than men with normal coronary angio-
grams. Eur Heart J. 2000;21 (11):890-894.

Dobrzycki S, Serwatka W, Nadlewski S, et al. An assessment
of correlations between endogenous sex hormone levels
and the extensiveness of coronary heart disease and the ejec-
tion fraction of the left ventricle in males. | Med Invest. 2003;
50(3-4):162-169.

Akishita M, Hashimoto M, Ohike Y, et al. Low testosterone level
asa predictor of cardiovascular events in Japanese men with cor-
onary risk factors. Atherosclerosis. 2010;210(1):232-236.
Rosano GM, Sheiban |, Massaro R, et al. Low testosterone
levels are associated with coronary artery disease in male pa-
tients with angina. Int | Impot Res. 2007;19(2):176-182.

Hu X, Rui L, Zhu T, et al. Low testosterone level in middle-
aged male patients with coronary artery disease. Eur | Intern
Med. 201 1;22(6).el33-el36.

Soisson V, Brailly-Tabard S, Helmer C, et al. A J-shaped asso-
ciation between plasma testosterone and risk of ischemic arte-
rial event in elderly men: the French 3C cohort study.
Maturitas. 2013;75(3):282-288.

Cauley JA, Gutai JP, Kuller LH, Dai WS. Usefulness of sex ste-
roid hormone levels in predicting coronary artery disease in
men. Am | Cardiol. 1987;60(10):771-777.

Barrett-Connor E, Khaw KT. Endogenous sex hormones and
cardiovascular disease in men: a prospective population-
based study. Circulation. 1988;78(3):539-545.

Kabakci G, Yildirir A, Can |, Unsal |, Erbas B. Relationship
between endogenous sex hormone levels, lipoproteins and
coronary atherosclerosis in men undergoing coronary angiog-
raphy. Cardiology. 1999:92(4):221-225.

Amldv ], Pencina M), Amin S, et al. Endogenous sex hormones
and cardiovascular disease incidence in men. Ann Intern Med.
2006;145(3):176-184.

Li L, Guo CY, Jia EZ, et al. Testosterone is negatively associ-
ated with the severity of coronary atherosclerosis in men.
Asian | Androl. 2012;14(6):875-878.

Phillips GB, Pinkernell BH, Jing TY. The association of hypotes-
tosteronemia with coronary artery disease in men. Arterioscler.
Thromb. 1994;14(5):701-706.

De Pergola G, Pannacciulli N, Ciccone M, Tartagni M,
Rizzon P, Giorgino R. Free testosterone plasma levels are
negatively associated with the intima-media thickness of the
common carotid artery in overweight and obese glucose-
tolerant young adult men. Int | Obes Relat Metab Disord.
2003;27(7):803-807.

Fu L, Gao QP, Shen JX. Relationship between testosterone
and indexes indicating endothelial function in male coronary
heart disease patients. Asian | Androl. 2008;10(2):214-218.
Fukui M, Kitagawa Y, Nakamura N, et al. Association between
serum testosterone concentration and carotid atherosclerosis
in men with type 2 diabetes. Diabetes Care. 2003;26(6):
1869-1873.

Mékinen ], Jarvisalo MJ, Pélldnen P, et al. Increased carotid
atherosclerosis in andropausal middle-aged men. | Am Coll Car-
diol. 2005;45(10):1603-1608.

Muller M, van den Beld AW, Bots ML, Grobbee DE,
Lamberts SW, van der Schouw YT. Endogenous sex hor-
mones and progression of carotid atherosclerosis in elderly
men. Circulation. 2004;109(17):2074-2079.

Soisson V, Brailly-Tabard S, Empana JP, et al. Low plasma
testosterone and elevated carotid intima-media thickness:
importance of low-grade inflalmmation in elderly men. Athero-
sclerosis. 2012;223(1):244-249.

Svartberg ], von Muhlen D, Mathiesen E, Joakimsen O,
Bgnaa KH, Stensland-Bugge E. Low testosterone levels are
associated with carotid atherosclerosis in men. | Intern Med.
2006;259(6):576-582.

Tsujimura A, Yamamoto R, Okuda H, et al. Low serum free
testosterone level is associated with carotid intima-media thick-
ness in middle-aged Japanese men. Endocr . 2012;,59(9):809-815.

Mayo Clin Proc. ® February 2015;90(2):224-251 ® http://dx.doi.org/10.1016/j.mayocp.2014.10.011

www.mayoclinicproceedings.org



TESTOSTERONE AND CARDIOVASCULAR RISK

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

145.

van den Beld AW, Bots ML, Janssen JA, Pols HA, Lamberts SW,
Grobbee DE. Endogenous hormones and carotid atheroscle-
rosis in elderly men. Am | Epidemiol. 2003;157(1):25-31.
Vikan T, Johnsen SH, Schirmer H, Nijglstad |, Svartberg J.
Endogenous testosterone and the prospective association
with carotid atherosclerosis in men: the Tromsg study. Eur |
Epidemiol. 2009;24(6):289-295.

Marin P, Holmang S, Gustafsson C, et al. Androgen treatment
of abdominally obese men. Obes Res. 1993;1(4):245-251.
Snyder PJ, Peachey H, Hannoush P, et al. Effect of testos-
terone treatment on body composition and muscle strength
in men over 65 years of age. | Clin Endocrinol Metab. 1999;
84(8):2647-2653.

Kenny AM, Prestwood KM, Gruman CA, Marcello KM,
Raisz LG. Effects of transdermal testosterone on bone and
muscle in older men with low bioavailable testosterone levels.
J Gerontol A Biol Sci Med Sci. 2001;56(5):M266-M272.
Ferrando AA, Sheffield-Moore M, Yeckel CW, et al. Testos-
terone administration to older men improves muscle function:
molecular and physiological mechanisms. Am | Physiol Endocri-
nol Metab. 2002;282(3):E601-E607.

Boyanov MA, Boneva Z, Christov VG. Testosterone supple-
mentation in men with type 2 diabetes, visceral obesity and
partial androgen deficiency. Aging Male. 2003;6(1):1-7.
Crawford BA, Liu PY, Kean MT, Bleasel JF, Handelsman D).
Randomized placebo-controlled trial of androgen effects on
muscle and bone in men requiring long-term systemic gluco-
corticoid treatment. | Clin Endocrinol Metab. 2003;88(7):
3167-3176.

Steidle C, Schwartz S, Jacoby K, Sebree T, Smith T, Bachand R;
North American AA2500 T Gel Study Group. AA2500
testosterone gel normalizes androgen levels in aging males
with improvements in body composition and sexual function.
J Clin Endocrinol Metab. 2003;88(6):2673-268 .

Wittert GA, Chapman IM, Haren MT, Mackintosh S, Coates P,
Morley JE. Oral testosterone supplementation increases mus-
cle and decreases fat mass in healthy elderly males with low-
normal gonadal status. | Gerontol A Biol Sci Med Sci. 2003;58(7):
618-625.

Casaburi R, Bhasin S, Cosentino L, et al. Effects of testosterone
and resistance training in men with chronic obstructive pulmo-
nary disease. Am | Respir Crit Care Med. 2004;170(8):870-878.
Allan CA, Strauss BJ, Burger HG, Forbes EA, McLachlan RI.
Testosterone therapy prevents gain in visceral adipose tissue
and loss of skeletal muscle in nonobese aging men. | Clin Endo-
crinol Metab. 2008,93(1):139-146.

Emmelot-Vonk MH, Verhaar HJ, Nakhai Pour HR, et al. Effect
of testosterone supplementation on functional mobility,
cognition, and other parameters in older men: a randomized
controlled trial [published correction appears in JAMA. 2008;
299(6):634]. JAMA. 2008;299(1):39-52.

Sih R, Morley JE, Kaiser FE, Perry HM Ill, Patrick P, Ross C.
Testosterone replacement in older hypogonadal men: a 12-
month randomized controlled trial. J Clin Endocrinol Metab.
1997:82(6):1661-1667.

Kapoor D, Clarke S, Stanworth R, Channer KS, Jones TH. The
effect of testosterone replacement therapy on adipocytokines
and C-reactive protein in hypogonadal men with type 2 dia-
betes. Eur | Endocrinol. 2007;156(5):595-602.

Kapoor D, Goodwin E, Channer KS, Jones TH. Testosterone
replacement therapy improves insulin resistance, glycaemic
control, visceral adiposity and hypercholesterolaemia in hypo-
gonadal men with type 2 diabetes. Eur | Endocrinol. 2006;
154(6):899-906.

. Aversa A, Bruzziches R, Francomano D, Spera G, Lenzi A. Ef-

ficacy and safety of two different testosterone undecanoate
formulations in hypogonadal men with metabolic syndrome.
J Endocrinol Invest. 2010;33(1 1):776-783.

Kalinchenko SY, Tishova YA, Mskhalaya GJ, Gooren L,
Giltay EJ, Saad F. Effects of testosterone supplementation on

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

markers of the metabolic syndrome and inflammation in
hypogonadal men with the metabolic syndrome: the
double-blinded placebo-controlled Moscow study [published
correction appears in Clin Endocrinol (Oxf). 201 1;75(2):275].
Clin Endocrinol (Oxf). 2010;73(5):602-612.

Saad F, Aversa A, Isidori AM, Gooren LJ. Testosterone as po-
tential effective therapy in treatment of obesity in men with
testosterone deficiency: a review. Curr Diabetes Rev. 2012;
8(2):131-143.

Isidori AM, Giannetta E, Greco EA, et al. Effects of testos-
terone on body composition, bone metabolism and serum
lipid profile in middle-aged men: a meta-analysis. Clin Endocri-
nol (Oxf). 2005;63(3):280-293.

Whitsel EA, Boyko EJ, Matsumoto AM, Anawalt BD,
Siscovick DS. Intramuscular testosterone esters and plasma
lipids in hypogonadal men: a meta-analysis. Am | Med. 2001;
[11(4)261-269.

Corona G, Monami M, Rastrelli G, et al. Type 2 diabetes mel-
litus and testosterone: a meta-analysis study. Int J Androl. 201 ;
34(6, pt 1):528-540.

Malkin CJ, Jones TH, Channer KS. The effect of testosterone
on insulin sensitivity in men with heart failure. Eur | Heart
Fail. 2007,9(1):44-50.

Guler N, Batyraliev T, Dulger H, et al. The effects of short
term (3 weeks) testosterone treatment on serum inflamma-
tory markers in men undergoing coronary artery stenting. Int
J Cardiol. 2006;109(3):339-343.

Malkin CJ, Pugh PJ, Jones RD, Kapoor D, Channer KS,
Jones TH. The effect of testosterone replacement on endog-
enous inflammatory cytokines and lipid profiles in hypogona-
dal men. J Clin Endocrinol Metab. 2004;89(7):3313-3318.
Nakhai-Pour HR, Grobbee DE, Emmelot-Vonk MH, Bots ML,
Verhaar H), van der Schouw YT. Oral testosterone supple-
mentation and chronic low-grade inflammation in elderly
men: a 26-week randomized, placebo-controlled trial. Am
Heart J. 2007;154(6):1228.el-1228.e7.

Ng MK, Liu PY, Williams AJ, et al. Prospective study of effect
of androgens on serum inflammatory markers in men. Arterios-
cler Thromb Vasc Biol. 2002,22(7):1136-1141.

Singh AB, Hsia S, Alaupovic P, et al. The effects of varying
doses of T on insulin sensitivity, plasma lipids, apolipoproteins,
and C-reactive protein in healthy young men. | Clin Endocrinol
Metab. 2002;87(1):136-143.

Baillargeon ], Urban RJ, Kuo Y-F, et al. Risk of myocardial
infarction in older men receiving testosterone therapy. Ann
Pharmacother. 2014;48(9):1138-1144.

Eisenberg ML, Li S, Herder D, Lamb DJ, Lipshultz LI. Testos-
terone therapy and mortality risk [published online ahead of
print July 31, 2014]. Int | Impot Res. http://dx.doi.org/|0.
1038/ijir2014.29.

Araujo AB, Dixon M, Suarez EA, Murad MH, Guey LT,
Wittert GA. Endogenous testosterone and mortality in men:
a systematic review and meta-analysis. | Clin Endocrinol Metab.
2011;96(10):3007-3019.

Zhao J, Zhu S, Sun L, et al. Androgen deprivation therapy for
prostate cancer is associated with cardiovascular morbidity
and mortality: a meta-analysis of population-based observa-
tional studies. PloS One. 2014,9(9):e107516.

Ohlsson C, Barrett-Connor E, Bhasin S, et al. High serum
testosterone is associated with reduced risk of cardiovascu-
lar events in elderly men: the MrOS (Osteoporotic Frac-
tures in Men) study in Sweden. | Am Coll Cardiol. 201 I;
58(16):1674-1681.

Abbott RD, Launer LJ, Rodriguez BL, et al. Serum estradiol and
risk of stroke in elderly men. Neurology. 2007;68(8):563-568.
Yeap BB, Hyde Z, Almeida OP, et al. Lower testosterone
levels predict incident stroke and transient ischemic attack in
older men. J Clin Endocrinol Metab. 2009;94(7):2353-2359.
Hak AE, Witteman JC, de Jong FH, Geerlings MI, Hofman A,
Pols HA. Low levels of endogenous androgens increase the

Mayo Clin Proc. ® February 2015;90(2):224-251 m http://dx.doi.org/10.1016/j.mayocp.2014.10.011
www.mayoclinicproceedings.org

249



164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

250

risk of atherosclerosis in elderly men: the Rotterdam study.
J Clin Endocrinol Metab. 2002;87(8):3632-3639.

Demirbag R, Yilmaz R, Ulucay A, Unlu D. The inverse relation-
ship between thoracic aortic intima media thickness and
testosterone level. Endocr Res. 2005;31(4):335-344.
Francomano D, Bruzziches R, Barbaro G, Lenzi A, Aversa A.
Effects of testosterone undecanoate replacement and with-
drawal on cardio-metabolic, hormonal and body composition
outcomes in severely obese hypogonadal men: a pilot study.
J Endocrinol Invest. 2014;37(4):401-411.

Nguyen PL, Alibhai SM, Basaria S, et al. Adverse effects of
androgen deprivation therapy and strategies to mitigate
them [published online ahead of print August 2, 2014]. Eur
Urol. http://dx.doi.org/10.1016/j.eururo.2014.07.010.

Smith- MR. Changes in fat and lean body mass during
androgen-deprivation therapy for prostate cancer. Urology.
2004;63(4):742-745.

Smith MR, Finkelstein JS, McGovern FJ, et al. Changes in body
composition during androgen deprivation therapy for prostate
cancer. | Clin Endocrinol Metab. 2002;87(2):599-603.
Finkelstein ]S, Yu EW, Bumett-Bowie SA. Gonadal steroids
and body composition, strength, and sexual function in men
[letter]. N Engl | Med. 2013;369(25):2457.

Idan A, Griffiths KA, Harwood DT, et al. Long-term effects of
dihydrotestosterone treatment on prostate growth in healthy,
middle-aged men without prostate disease: a randomized,
placebo-controlled trial. Ann Intern Med. 2010;153(10):62 1-632.
Haring R, Vélzke H, Felix SB, et al. Prediction of metabolic syn-
drome by low serum testosterone levels in men: results from
the Study of Health in Pomerania. Diabetes. 2009;58(9):
2027-2031.

Oh JY, Barrett-Connor E, Wedick NM, Wingard DL. Endoge-
nous sex hormones and the development of type 2 diabetes
in older men and women: the Rancho Bernardo study. Dia-
betes Care. 2002;25(1):55-60.

Laaksonen DE, Niskanen L, Punnonen K, et al. Testosterone
and sex hormone-binding globulin predict the metabolic syn-
drome and diabetes in middle-aged men. Diabetes Care. 2004;
27(5):1036-1041.

Dhindsa S, Prabhakar S, Sethi M, Bandyopadhyay A,
Chaudhuri A, Dandona P. Frequent occurrence of hypogona-
dotropic hypogonadism in type 2 diabetes. | Clin Endocrinol
Metab. 2004;89(1 1):5462-5468.

Mulligan T, Frick MF, Zuraw QC, Stemhagen A, McWhirter C.
Prevalence of hypogonadism in males aged at least 45 years:
the HIM study. Int | Clin Pract. 2006;60(7):762-769.

Dhindsa S, Miller MG, McWhirter CL, et al. Testosterone con-
centrations in diabetic and nondiabetic obese men. Diabetes
Care. 2010;33(6):1186-1192.

English KM, Steeds RP, Jones TH, Diver M], 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(16):1906-191 1.

Webb CM, Adamson DL, de Zeigler D, Collins P. Effect of
acute testosterone on myocardial ischemia in men with coro-
nary artery disease. Am | Cardiol. 1999;83(3):437-439:A9.
Rosano GM, Leonardo F, Pagnotta P, et al. Acute anti-
ischemic effect of testosterone in men with coronary artery
disease [published correction appears in Circulation. 2000;
101(5):584]. Circulation. 1999;,99(13):1666-1670.

Webb CM, McNeill |G, Hayward CS, de Zeigler D, Collins P.
Effects of testosterone on coronary vasomotor regulation in
men with coronary heart disease. Circulation. 1999;100(16):
1690-1696.

Ong PJ, Patrizi G, Chong WC, Webb CM, Hayward CS,
Collins P. Testosterone enhances flow-mediated brachial ar-
tery reactivity in men with coronary artery disease. Am | Car-
diol. 2000;85(2):269-272.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

MAYO CLINIC PROCEEDINGS

Kang SM, Jang Y, Kim J, et al. Effect of oral administration of
testosterone on brachial arterial vasoreactivity in men with
coronary artery disease. Am | Cardiol. 2002;89(7):862-864.
Yue P, Chatterjee K, Beale C, Poole-Wilson PA, Collins P.
Testosterone relaxes rabbit coronary arteries and aorta. Circu-
lation. 199591 (4):1154-1160.

Chou TM, Sudhir K, Hutchison S), et al. Testosterone induces
dilation of canine coronary conductance and resistance ar-
teries in vivo. Circulation. 1996,94(10):2614-2619.

O'Connor EK Ivey R, Bowles DK. Differential effects of an-
drogens on coronary blood flow regulation and arteriolar
diameter in intact and castrated swine. Biol Sex Differ. 2012;
3(Iy:10.

Wehr E, Pilz S, Boehm BO, Mdrz W, Grammer T, Ober-
mayer-Pietsch B. Low free testosterone is associated with
heart failure mortality in older men referred for coronary
angiography. Eur | Heart Fail. 201 1;13(5):482-488.
Jankowska EA, Biel B, Majda J, et al. Anabolic deficiency in men
with chronic heart failure: prevalence and detrimental impact
on survival. Circulation. 2006;1 14(17):1829-1837.

Caminiti G, Volterrani M, lellamo F, et al. Effect of long-acting
testosterone treatment on functional exercise capacity, skel-
etal muscle performance, insulin resistance, and baroreflex
sensitivity in elderly patients with chronic heart failure: a
double-blind, placebo-controlled, randomized study. | Am
Coll Cardiol. 2009;54(10):919-927.

Malkin CJ, Pugh PJ, West JN, van Beek EJ, Jones TH,
Channer KS. Testosterone therapy in men with moderate
severity heart failure: a double-blind randomized placebo
controlled trial. Eur Heart J. 2006;27(1):57-64.

Pugh P, Jones RD, West |N, Jones TH, Channer KS. Testos-
terone treatment for men with chronic heart failure. Heart.
2004;90(4):446-447.

lellamo F, Volterrani M, Caminiti G, et al. Testosterone ther-
apy in women with chronic heart failure: a pilot double-
blind, randomized, placebo-controlled study. | Am Coll Cardiol.
2010,56(16):1310-1316.

Toma M, McAlister FA, Coglianese EE, et al. Testosterone
supplementation in heart failure: a meta-analysis. Circ Heart
Fail. 2012;,5(3):315-321.

Stellato RK, Feldman HA, Hamdy O, Horton ES, McKinlay JB.
Testosterone, sex hormone-binding globulin, and the devel-
opment of type 2 diabetes in middle-aged men: prospective
results from the Massachusetts Male Aging Study. Diabetes
Care. 2000;23(4):490-494.

Haring R, Volzke H, Spielhagen C, Nauck M, Wallaschofski H.
The role of sex hormone-binding globulin and testosterone in
the risk of incident metabolic syndrome. Eur | Prev Cardiol.
2013;20(6):1061-1068.

Traish AM, Miner MM, Morgentaler A, Zitzmann M. Testos-
terone deficiency. Am | Med. 201 1;124(7):578-587.

Marin P, Krotkiewski M, Bjérmtorp P. Androgen treatment of
middle-aged, obese men: effects on metabolism, muscle and
adipose tissues. Eur | Med. 1992;1(6):329-336.

Hoyos CM, Yee BJ, Phillips CL, Machan EA, Grunstein RR,
Liu PY. Body compositional and cardiometabolic effects of
testosterone therapy in obese men with severe obstructive
sleep apnoea: a randomised placebo-controlled trial. Eur |
Endocrinol. 2012;167(4):531-541.

Naharci Ml, Pinar M, Bolu E, Olgun A. Effect of testosterone
on insulin sensitivity in men with idiopathic hypogonadotropic
hypogonadism. Endocr Pract. 2007;13(6):629-635.

Brodsky |G, Balagopal P, Nair KS. Effects of testosterone
replacement on muscle mass and muscle protein synthesis
in hypogonadal men—a clinical research center study. / Clin
Endocrinol Metab. 1996;81(10):3469-3475.

Fredenksen L, Hajlund K Hougaard DM, Brixen K, Andersen M.
Testosterone therapy increased muscle mass and lipid oxidation
in aging men. Age (Dordr). 2012;34(1):145-156.

Mayo Clin Proc. ® February 2015;90(2):224-251 ® http://dx.doi.org/10.1016/j.mayocp.2014.10.011

www.mayoclinicproceedings.org



TESTOSTERONE AND CARDIOVASCULAR RISK

201.

202.

203.

204.

205.

206.

207.

Juang PS, Peng S, Allehmazedeh K, Shah A, Coviello AD,
Herbst KL. Testosterone with dutasteride, but not anastrazole,
improves insulin sensitivity in young obese men: a randomized
controlled trial. | Sex Med. 2014;11(2):563-573.

Behre HM, Tammela TL, Arver S, et al. A randomized, double-
blind, placebo-controlled trial of testosterone gel on body
composition and health-related quality-of-life in men with hypo-
gonadal to low-normal levels of serum testosterone and symp-
toms of androgen deficiency over 6 months with 12 months
open-label follow-up. Aging Male. 2012;15(4):198-207.
Bhattacharya RK, Khera M, Blick G, Kushner H, Nguyen D,
Miner MM. Effect of 12 months of testosterone replacement
therapy on metabolic syndrome components in hypogonadal
men: data from the Testim Registry in the US (TRIUS). BMC
Endocr Disord. 201 1;11:18.

Marin P. Testosterone and regional fat distribution. Obes Res.
1995;3(suppl 4):609S-612S.

Marin P, Lénn L, Andersson B, et al. Assimilation of triglycer-
ides in subcutaneous and intraabdominal adipose tissues
in vivo in men: effects of testosterone. | Clin Endocrinol Metab.
1996;81(3):1018-1022.

Francomano D, Lenzi A, Aversa A. Effects of five-year treat-
ment with testosterone undecanoate on metabolic and hor-
monal parameters in ageing men with metabolic syndrome.
Int J Endocrinol. 2014;2014:527470.

Strollo F, Strollo G, Moré M, et al. Low-intermediate
dose testosterone replacement therapy by different

208.

209.

210.

211.

212.

213.

pharmaceutical preparations improves frailty score in elderly
hypogonadal hyperglycaemic patients. Aging Male. 2013;
16(2):33-37.

Li JY, Zhu JC, Dou JT, et al. Effects of androgen supplementa-
tion therapy on partial androgen deficiency in the aging male: a
preliminary study. Aging Male. 2002;5(1):47-51.

Zitzmann M, Mattemn A, Hanisch J, Gooren L, Jones H,
Maggi M. IPASS: a study on the tolerability and effectiveness
of injectable testosterone undecanoate for the treatment of
male hypogonadism in a worldwide sample of [,438 men.
J Sex Med. 2013;10(2):579-588.

Permpongkosol S, Tantirangsee N, Ratana-olam K. Treatment
of 161 men with symptomatic late onset hypogonadism with
long-acting parenteral testosterone undecanoate: effects on
body composition, lipids, and psychosexual complaints. | Sex
Med. 2010;7(1 1):3765-3774.

Stout M, Tew GA, Doll H, et al. Testosterone therapy during
exercise rehabilitation in male patients with chronic heart fail-
ure who have low testosterone status: a double-blind ran-
domized controlled feasibility study. Am Heart J. 2012;
164(6):893-901.

Page ST. Testosterone, cardiovascular disease, and mortality in
men: living in the dark. Lancet Diabetes Endocrinol. 2014;2(8):
609-61 1.

Snyder PJ, Ellenberg SS, Cunningham GR, et al. The Testos-
terone Trials: seven coordinated trials of testosterone treat-
ment in elderly men. Clin Trials. 2014;11(3):362-375.

Mayo Clin Proc. ® February 2015;90(2):224-251 m http://dx.doi.org/10.1016/j.mayocp.2014.10.011
www.mayoclinicproceedings.org

251



