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Testosterone Replacement Therapy and Cardiovascular Risk:
A Review
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Department of Experimental, Clinical and Biomedical Sciences, University of Florence, Florence, Italy

Recent reports in the scientific and lay press have suggested that testosterone (T) replacement therapy (TRT) is likely to increase
cardiovascular (CV) risk. In a final report released in 2015, the Food and Drug Administration (FDA) cautioned that prescribing
T products is approved only for men who have low T levels due to primary or secondary hypogonadism resulting from problems
within the testis, pituitary, or hypothalamus (e.g., genetic problems or damage from surgery, chemotherapy, or infection). In this
report, the FDA emphasized that the benefits and safety of T medications have not been established for the treatment of low T
levels due to aging, even if a man’s symptoms seem to be related to low T. In this paper, we reviewed the available evidence on
the association between TRT and CV risk. In particular, data from randomized controlled studies and information derived from
observational and pharmacoepidemiological investigations were scrutinized. The data meta-analyzed here do not support any
causal role between TRT and adverse CV events. This is especially true when hypogonadism is properly diagnosed and
replacement therapy is correctly performed. Elevated hematocrit represents the most common adverse event related to TRT.
Hence, it is important to monitor hematocrit at regular intervals in T-treated subjects in order to avoid potentially serious adverse

events.
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INTRODUCTION

Testosterone (T) preparations have been available for
more than 70 years [1-3], but the use of costlier new prepa-
rations has expanded dramatically over the last two deca-
des [4]. Data extracted in May 2014 from the Symphony
Healthcare Solutions Anonymous Patient Longitudinal
Database indicate that 2.2 million USA citizens were pre-

scribed T in 2013, compared to 1.2 million in 2010 [5].
Androgen prescribing patterns in the USA have also been
investigated using Clinformatics Data Mart, which is the
nation’s largest healthcare claims database. That study
was focused on data from the last decade and involved
more than 10 million men age 40 years or older. In this
large cohort, T or other androgen prescriptions increased
more than threefold, from 0.81% in 2001 to 2.91% in
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2011 [6]. Interestingly, at least one out of four androgen
users did not have a T level measurement taken in the pre-
vious 12 months, because primary care physicians were
likely to write a prescription without first ordering a blood
test. Finally, very recently, Muram et al [7] reported data
on more than 63,000 men from the Truven Health
Marketscan® Commercial and Medicare Supplemental
Insurance Database collected between January 2010 and
June 2012, obtaining virtually the same findings. In this
large cohort, 71% of men had their T tested once, 40%
twice, and 29% had no T measurements before T replace-
ment therapy (TRT). Only 12% had their gonadotropins
measured before the initiation of TRT. Following therapy,
46% of men had their T measured at least once.

It is reasonable to believe that the aggressive di-
rect-to-consumer marketing strategy of USA pharmaceut-
ical companies has resulted in this marked increase in T
use, even without an appropriate diagnosis. In fact, media
advertising promises that treating ‘low T’ can make men
feel more alert, energetic, mentally sharp, and sexually
functional. In fact, many men have obtained prescriptions
not as a medical therapy for male hypogonadism, but as a
way to combat fatigue, low sex drive, and weight gain,
with the goal of regaining the vitality of their youth.

AIM OF THIS REVIEW

While T sales have soared, recent reports in the scien-
tific and lay press have significantly curbed the enthusi-
asm for androgen boosting, suggesting that TRT increases
cardiovascular (CV) risk. Based on these scientific and me-
dia reports, some nonprofit groups petitioned the USA
Food and Drug Administration (FDA) to require warnings
for CV risks on the drugs’ packaging. In fact, one of the
main missions of regulatory agencies is to evaluate the bal-
ance between the benefits and risks of medicinal products.
This balance should be evidence-based and expressed in
a transparent manner using a framework that aids in the
communication of the differences in opinions between
regulators and pharmaceutical companies. In a final report
released in 2015, the FDA cautioned that prescribing T
products is approved only for men who have low T levels
caused by certain medical conditions [8]. In particular, on-
ly subjects with primary or secondary hypogonadism re-
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sulting from problems within the testis, pituitary, or hypo-
thalamus (e.g., genetic problems or damage from surgery,
chemotherapy, or infection) should be treated. In contrast,
the FDA emphasized that the benefits and safety of T medi-
cations have not been established for the treatment of low
T levels due to aging, even if a man’s symptoms seem re-
lated to low T. Therefore, a labelling change to inform pa-
tients about the possible increased risk of heart attack and
stroke was required. Is this statement evidence-based?

The aim of the present review was to examine the avail-
able evidence on the association between TRT and CV
risk. It is important to note that well-designed, placebo-
controlled trials of TRT in men who meet or do not meet
the standard criteria for treatment are scant in number, and
their results are often inconsistent. In addition, few rando-
mized controlled trials (RCTs) having CV events as a pri-
mary endpoint are currently available, as the majority of
information has been derived from trials designed for oth-
er purposes. Considering that additional information can
also be obtained from observational and pharmacoepide-
miological investigations, such studies were also scruti-
nized. However, observational clinical research suffers
from important biases, including selection, information,
and confounding biases, and caution is needed when
evaluating results reporting small differences [9]. In addi-
tion, this type of study often suffers from the limitation of
not being able to determine if subjects in the treatment
arm took the medication at an adequate dosage.

In order to overcome, at least in part, all the afore-
mentioned limitations, in this review we used already
published meta-analyses as well as presenting some novel
meta-analytic findings. Systematic reviews and meta-anal-
yses are often considered to be the highest level of evi-
dence for evaluating interventions in healthcare and to be
particularly useful tools when addressing questions for
which multiple sources of data conflict, or when a variety
of reports with low statistical power have been published,
because aggregating information can improve the power
and lead to a more convincing result. In addition, combin-
ing results from different studies helps to identify patterns
among study results, sources of disagreement among
those results, and other interesting relationships that may
become evident in the context of multiple studies.
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RANDOMIZED PLACEBO-CONTROLLED
TRIALS WITH CARDIOVASCULAR EVENTS
AS A PRIMARY ENDPOINT

1. Randomized, placebo-controlled trials in patients
with coronary heart disease

To date, long-term prospective interventional RCTs on
TRT with CV events as the primary, prespecified endpoint
in patients with coronary heart disease (CHD) are scarce.
Results are only available from six short-term studies
(mean, 23 weeks). All of these studies enrolled a small
number of patients with CHD who were treated with dif-
ferent formulations and doses of TRT (n=128) or placebo
(n=129) [10]. Combining the results of these trials in a
meta-analysis, TRT was positively associated with a sig-
nificant increase in treadmill test duration (168 seconds)
and time to ST segment depression (57 seconds) [10].

Table 1 summarizes the main characteristics of these stud-
ies [11-16].

2. Randomized, placebo-controlled trials in patients
with heart failure

Similarly, the available studies of patients with heart fail-
ure (HF) are few and involve a short follow-up duration,
but all available studies have reported significant improve-
ments in exercise capacity after 12 to 52 weeks of TRT.
The meta-analysis of four RCTs that included subjects with
HF indicated a significant increase in exercise capacity of
almost 54 meters using the six-minute walk test [17]. The
authors commented that the effect of T was impressive and
greater than that seen with other cardiologic therapies rou-
tinely recommended to patients with HF [17].

Table 1. Characteristics and outcomes of the randomized clinical studies included in the meta-analysis

Study
Variable Rosano et al  Webb et al  English et al Thompson et al Malkin et al  Mathur et al
(1999) [11] (1999) [12] (2000) [13] (2002) [14] (2004) [15] (2009) [16]
Drug T (iv) T (iv) T patch T (iv) Sustanon (im) TU (im)
Dose 2.5 mg once 2.3 wpgonce 5 mg daily e 100 mg twice/ 1,000 mg/
week 12 weeks
Comparator Placebo Placebo Placebo Placebo Placebo Placebo
Randomization A A A A A A
Blinding A A A A A A
Drop-out A A A A A A
Intention-to-treat Yes Yes Yes Yes Yes Yes
No. of patients (ID/C) 717 14/14 22/24 34/34 10/10 7/6
Trial duration (wk) - - 14 - 4 52
Age (yr) 58 57 62 69.1 60.8 64.8
TT baseline (nmol/L) NA 53 12.9 NA 4.2 9.9
DM baseline (%) 7.1 21.4 15.3 NA 50 23.1
MI baseline (%) 35.7 50 10.9 32 30 30.8
Exercise duration 631.0+180.0/ NA NA NA NA 463.6+46.2/
endpoint (second ID/C) 541.0+204.0 363.3+143.5
Time to 1-mm ST 579.0+204.0/ 364.0+149.7/ 361.0+103.2/ 294.0+132.0/ 399.0+84.0/ 449.0+67.5/
depression endpoint 471.04£210.0 298.0+127.2 292.0+117.6 288.0+132.0 352.0+150.0 262.7+110.3

(second 1D/C)

288.0+138.07
288.0+132.0°

Values are presented as number or mean+standard deviation.

ID/C: investigational drug/comparator, TT: total testosterone, DM: diabetes mellitus, MI: myocardial infarction, T: testosterone,
iv: intravenous, im: intramuscular, TU: testosterone undecanoate in castor oil, A: adequate, NA: not available.
*Testosterone doses were individualized to produce physiologic (defined as double the baseline testosterone level) or

supra-physiologic (6x baseline) serum testosterone levels.
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RANDOMIZED PLACEBO-CONTROLLED
TRIALS NOT HAVING CARDIOVASCULAR
EVENTS AS A PRIMARY ENDPOINT

In contrast to the trials with CV events as the primary
endpoint, which supported a protective effect of TRT on
myocardial ischemia (MI) and improvement in HF, data
from trials designed for other purposes have generated re-
cent concerns about the CV safety of TRT. Therefore,
meta-analytic surveys assessing the occurrence of adverse
CV events in men treated with T or placebo in RCTs de-
signed for other purposes have often been viewed with
particular interest. Of the five available meta-analyses
[18-22], four [18-21] did not find either a protective or
harmful effect of TRT on CV events, whereas one [22] sug-
gested a possible increased risk associated with T
treatment. Table 2 summarizes the main characteristics of
the available meta-analyses. These meta-analyses were
performed several years apart, thus including different sets
of available studies: 2004 and earlier [18,19], 2008 [20],
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2012 [22], and 2014 [21]. In addition, the meta-analyses
differed in the criteria for trial inclusion, particularly with
regard to age limits and study duration (Table 2). More im-
portantly, the outcomes of interest that were retrieved and
analyzed differed across the meta-analyses (Table 2). In
this study, we analyzed the results according to the main
outcomes related to CV diseases (CVD).

1. Effect of tosterone replacement therapy on all
cardiovascular events and/or major adverse
cardiac events in randomized controlled trials

As stated before, in the absence of any long-term pro-
spective studies, the analysis of adverse CV events in RCTs
might give insights into the potential risk associated with
TRT. Five systematic reviews are currently available, and
their results are summarized in Table 2. As shown in Table
2, the only meta-analysis reporting an increased CV risk
associated with TRT was published two years ago in BMC
Medicine by Xu et al [22]. The authors selected studies
lasting 12 weeks or more that clearly reported all CV-re-

Table 2. Comparisons of the available meta-analyses evaluating the relationship between TRT and CV outcomes

Calof et al
(2005) [18]

Variable

Haddad et al Fernandez-

Balsells et al
(2007) [19] (2010) [20]

Corona et al
(2014) [21]

Xu et al
(2013) [22]

Inclusion criteria
No. of trials included 19
No. of patients analyzed 1,084
Primary endpoint of MACE incidence
Primary endpoint of all CV event incidence O
Primary endpoint of all adverse TRT events

Time restriction (>12 weeks) O

Age restriction (=45 years old) O

All available RCTs reporting adverse CV events
Cardiovascular event analysis

All CV events O

Serious adverse events (including MACE)

MACE

AMI O

Acute coronary syndrome (@)

Coronary bypass surgery O

Stroke @)

New heart failure

Arrhythmias O

CV mortality

30 51 27 74
1,642 2,679 2,944 5,464
0
O o}
0
o}
0 o}
O o} O
o}
0
0 o} o)
O
0 0
o)
0
o} 0
o} o) o)

TRT: testosterone replacement therapy, CV: cardiovascular, MACE: major adverse cardiovascular events, RCTs: randomized

controlled trials, AMI: acute myocardial infarction.
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lated events (Table 2). No clarifications were provided
about the articles that were excluded. Among 1,882 stud-
ies, 27 trials, including 2,994 men, were selected and
meta-analyzed. The primary outcome was composite CV
events, defined as anything reported as such by the study’s
authors. A forest plot indicated that T increased the risk of
CV events, with an odds ratio (OR) of 1.54 (95% con-
fidence interval [CI]=1.09 ~2.18), which was even high-
er (OR=2.06 [95% Cl=1.34~3.17]) when the results
were categorized according to the presence of pharma-
ceutical industry funding. The construct of composite
CV-related events included all investigator-reported ad-
verse events affecting the CV system. Hence, cases of pe-
ripheral edema and self-reported syncope were also in-
cluded in the category of CV events, leading to an artificial
increase of the overall number of events. The overly broad
definition of CV endpoints, in which some endpoints were
inappropriately reported as CV-related by the inves-
tigators, increased the statistical power of the analysis, but
may have been grossly misleading due to the hetero-
geneity and limited reliability of diagnostic criteria used to
classify these events as drug-related. In addition, all analy-
ses of all CV events classified as ‘serious’ (including all in-
stances of hospitalization) inherently have the limitation
of including in the endpoints many events that are inves-
tigator-driven, such as revascularization. In our opinion,
the assessment of the CV safety of any therapy should be
based on the incidence of major adverse cardiac events
(MACE), which are easier to detect and less controversial
to diagnose.

Nonetheless, misclassification may occur due to un-
defined screening procedures and diagnostic criteria, un-
less trials are specifically designed to assess CV outcomes.
In the meta-analysis of Xu et al [22], the Basaria et al’s [23]
trial, with the highest overall weight, was clearly dis-
cordant from all the others. The Basaria et al’s [23] study
likewise used a very broad definition of CV events. In that
RCT, the authors randomized men aged 65 years or older
(mean age, 74 + 5 years) with limitations in mobility and to-
tal T levels between 3.5 and 12.1 nmol/L or free T <173
pmol/L to placebo or a supraphysiological dose of T gel
(100 mg daily) for six months, in order to assess the effect
of TRT on exercise tolerance. The cohort consisted of eld-
erly community-dwelling men with a high prevalence of
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hypertension, obesity, diabetes, dyslipidemia, and known
CVD. Although improved physical function was noted
(including leg- and chest-press strength and stair climbing
while carrying a load) the trial was ended early due to im-
balances in respiratory, dermatological and, most im-
portantly, CV events between the two arms (23 CV events
in the T group vs. five in the placebo group). However, the
diversity of the cardiac events that occurred and the lack of
their structured classification strongly limited the clinical
value of the study. Moreover, the population studied (frail
men) and the utilization of high T dosages (double the rec-
ommended dose) further limit the study’s generalizability.
It is interesting to note that the majority of adverse CV
events were reported in men with T blood levels above
34.6 nmol/L. It is possible that the increased vigor in the T
arm allowed previously frail men to engage in more stren-
uous physical activities, therefore unmasking pre-existing
CVD. Overall, this study suggested caution in prescribing
TRT therapy for aging frail men, especially if they have
symptomatic CVD.

The Xu et al’s [22] meta-analysis did not agree with the
previous meta-analyses [18-21]; in fact, all the other
meta-analyses showed no significant difference between
the T and placebo groups for the incidence of all CV events
or for each type of event (CV death, fatal and non-fatal MI,
revascularization procedures, arrhythmia, and cerebro-
vascular events), except the aforementioned increase in
hematocrit over 50%, which was significantly more preva-
lent in the T group. In 2005, Calof et al [18] published the
first meta-analysis on this topic, reviewing adverse events
in 19 studies performed between 1966 and 2004. They re-
ported 18 CV events in the 651 T-treated men and 16 events
in the 433 placebo-treated men, with a pooled OR of 1.14
(95% Cl=0.59~2.20). Haddad et al [19] scrutinized 30
placebo-controlled studies conducted between 1966 and
2004 for possible T-induced adverse effects and meta-ana-
lyzed six studies that reported CV events. Fourteen events
were observed among the 161 men treated with T and sev-
en events were observed among the 147 men in the place-
bo arm. Finally, Fernandez-Balsells et al [20] meta-ana-
lyzed 51 placebo-controlled studies conducted from 2003
to 2008, with follow-up ranging from three months to three
years. They found no significant differences in the rates of
death, MI, revascularization procedures, or cardiac ar-



rhythmias between the T and the placebo groups.

We recently performed the last updated systematic re-
view and meta-analysis of RCTs of TRT, using a more con-
ventional definition of CV events similar to that used by
regulatory authorities to verify the safety of newly regis-
tered drugs [21]. We included all RCTs that enrolled men,
compared the effect of TRT against placebo on different
endpoints, and provided information on CV-related events
by study arm without any arbitrary restriction, even if CV
events were not the principal endpoints of the study. The
principal outcome evaluated in this analysis was the effect
of TRT, as compared to placebo, on the incidence of
MACE. The MACE endpoint was defined as the composite
of CV death, non-fatal MI and stroke, and acute coronary
syndromes and/or HF reported as serious adverse events
[21].

Secondary outcomes included all CV-related events, de-
fined as anything reported as such by the authors of the in-
dividual studies. In a meta-analysis of the largest number
of studies collected so far (Table 2), we (Corona et al [21])
did not observe any increase in CV risk associated with TRT
when either composite or single CV endpoints were
considered. In particular, the use of TRT was not associated
with an increased incidence of MACE compared to place-
bo (Mantel-Haenzel OR=1.01 [95% Cl=0.57~1.77];
p=0.98). In addition, meta-regression analysis showed no
difference in the incidence of MACE according to baseline
age, body mass index, or level of T (S=0.03[95% Cl =
—0.04~0.10]; p=0.40, S=—0.07 [95% Cl=—0.29~
0.14]; p=0.51; S= —0.14 [95% Cl=—1.17~0.89]; p=
0.79, respectively). Since the OR for MACE with TRT was
1.01[95% Cl=0.57 ~1.77], the data are sufficient only to
exclude any increase of risk greater than 77%. It is im-
portant to note that the duration of the available trials scruti-
nized was relatively short. Therefore, although no clear
signs of short-term risk were noted, no information is avail-
able on possible long-term effects. Another limitation of the
analysis is the incomplete reporting of the data on MACE
in trails marginally designed for non-CV endpoints.
However, the use of MACE, instead of a broader definition
of CV side effects, has the advantage of a clearer diagnostic
definition, which is less dependent on investigators’ sub-
jective opinions. In fact, although the criteria for the diag-
nosis of Ml or stroke could also be questioned, such entities
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are much more clearly defined than ‘peripheral edema’ or
‘self-reported syncope,” which have been included as CV
events in some other analyses [22,23]. Interestingly, regu-
latory agencies assessing the safety of drugs require analy-
ses of MACE and not of broadly defined CV side effects.

It is important to note that when our meta-analysis was
categorized according to the baseline study population
characteristics, a protective role of TRT in subjects with
metabolic disease was observed [22]. This is surprising be-
cause, by meta-analyzing the available evidence, we pre-
viously demonstrated an association between TRT and im-
provements of fat mass and glycometabolic control in sub-
jects with type 2 diabetes and metabolic syndrome
[24,25]. Similar results have been more recently con-
firmed by other authors [26]. However, the number of
RCTs evaluating the effect of TRT in subjects with metabol-
ic disease is too limited to draw any conclusions. In con-
trast, no difference between TRT and placebo was de-
tected in other subpopulations, including subjects with
previous CVD and frail men. Finally, in contrast to the
findings of Xu et al [22], we (Corona et al [21]) did not ob-
serve any difference in the CV risk even when the analysis
was categorized according to the presence or absence of
drug company support.

2. Effect of testosterone supplementation on erythro-
cytosis in randomized controlled trials

Erythrocytosis is an increase in the total red cell mass
secondary to any of a number of non-hematologic sys-
temic disorders in response to a known stimulus (secon-
dary polycythemia), in contrast to primary polycythemia
(polycythemia vera). Erythrocytosis, per se, should not be
considered a true CV event. However, some reports have
shown that a higher risk of Ml or was stroke associated
with T-induced polycythemia resulting from intermittent
high-dose T administration [27]. In addition, pre-existing
erythrocytosis constitutes a risk factor for thrombosis in
hypogonadal men [27].

Erythrocytosis is the most frequent adverse event asso-
ciated with T administration in clinical trials, as well as in
clinical practice. T is an important regulator of red blood
cell production through the augmentation of erythro-
poietin and its direct effect on bone marrow, including er-
ythroid progenitors, ferrokinetics, and red cell precursor

www wjmh org
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survival. Recently, the suppression of circulating and hep-
atic hepcidin, an iron regulatory peptide, has been pro-
posed as an additional mechanism of action of T on red
cell mass [28]. Two meta-analyses have reported that
T-treated subjects were three to four times more likely
than those in the placebo arm to develop a hematocrit lev-
el >50% [18,19]. A more recent meta-analysis reviewing
all RCTs comparing the effect of TRT vs. placebo or the ef-
fect of TRT as a supplement to phosphodiesterase-type 5
inhibitors (PDE5is) on sexual function [29], confirmed that
TRT was associated with an overall significant increase in

hematocrit levels (standardized mean=0.899 [95% Cl =
0.718~1.061]; p=0.0001). However, TRT did not in-
crease the risk for pathological hematocrit levels (above
the study reference levels) when compared to placebo
(p=0.305). A recent meta-analysis of studies involving the
long-lasting injectable T preparation (T undecanoate) con-
firmed increased hematocrit levels in some subjects but
did not find any association with pathological eryth-
rocytosis [30]. Similarly, by reviewing the data of our re-
cent meta-analysis on the effect of TRT vs. placebo on
CVD [21], we confirmed that TRT was associated with a

A
Study name Findings of each study Standard difference in means
Standard and 95% Cl
difference Lower Upper
in means  limit limit p-value
Grinspoon et al, 1998 0.30 -0.25 0.85 0.29
Snyder et al, 1999 0.90 0.50 1.29 0.00
Grinspoon et al, 2000 0.50 -0.04 1.04 0.07
Amory et al, 2002 0.67 -0.13 1.48 0.10
Ferrando et al, 2002 1.71 0.37 3.04 0.01 ——
Armory et al, 2004 1.57 092 222 0.00
Malkin et al, 2006 4.67 3.80 5.53 0.00 -
Emmelot-Vonk et al, 2008 0.33 0.08 059 0.01
Chapman et al, 2009 1.38 0.12 2.64 0.03
Mathur et al, 2009 0.50 -0.61 1.61 0.37
Aversa et al, 2010 0.20 -049 0.89 057
Gopal et al, 2010 1.29 0.37 221 0.01
Kalinchenko et al, 2010 0.67 0.37 0.98 0.00
Srinivas-Shankar et al, 2010 1.00 0.75 125 0.00
Jones et al, 2011 1.27 098 1.56 0.00 [ |
Hackett et al, 2013 0.54 0.25 0.83 0.00
Overall 1.02 0.68 1.35 0.00 ¢
-8.00 -4.00 0.00 4.00 8.00
Placebo Testosterone

Meta-analysis

B
Study name Findings of each study MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit limit p-value

Drinka et al, 1995 808 033 196.18 0.20 =l

Sih et al, 1997 10.33 0.51 209.95 0.13

Snyder et al, 1999 7.41 0.37 146.95 0.19 = »

Steidle et al, 2003 2.85 0.29 27.91 0.37 =

Armory et al, 2004 21.00 112  392.38 0.04 »

Marks et al, 2006 3.14 0.12 81.35 0.49 - . ; o

Merza et al, 2006 318 030 3358 034 Fig. 1. (A) Standardized mean (95%

Bhasin et al, 2007 751 038 14974 0.19 »  confidence interval [CI]) differen-

Legros et al, 2009 5.89 0.34 103.19 0.22 - ces in hematocrit levels (%) and (B)

Aversa et al, 2010 1.96  0.09 41.02 0.66 Mantel-Haenzel (MH) odds ratios

Aversa et al, 2010 0.76 0.03 20.00 0.87 = o .

Basaria et al, 2010 294 012 7308 051 (95% Cl) for pathological hema-

Kaufman et al, 2011 1.94 0.11 3579 0.66 . tocrit elevation (>52%) at end-

Hildreth et al, 2013 230 062 849 0.21 R point between subjects treated

Behere et al, 2013 4.94 0.24 103.72 0.30 »> . .

Overall 362 186 705 000 P with testosterone supplementation
0.01 0.1 1 10 100 or placebo. These data were ob-

Placebo Testosterone  tained from a previous meta-

Meta-analysis

The World Journal of

mMens ricalcn

analysis [21].



significant increase of hematocrit in comparison to place-
bo as well as with an increased risk of levels above 52%
(Fig. 1). However, when the data were limited to the stud-
ies enrolling only hypogonadal (T <12 nmol/L) patients at
baseline treated with transdermal preparations, a risk of
elevated hematocrit (>52%) was not found (hazard ratio
[HR]=4.89[95% Cl=0.83~28.91]; p=0.08]). Accordingly,
erythrocytosis has been reported to occur in healthy older
men more often after short-action parenteral and oral T ad-
ministration, but usually not after transdermal T admin-
istration [2,3].

Nonetheless, it is important to monitor hematocrit at
regular intervals in order to avoid potentially serious ad-
verse events [2,3]. Guidelines indicate that a hematocrit
level above 54% is an indication to stop TRT until the
hematocrit decreases to a safe level [31-33]. Phlebotomy
can also be considered in the most severe cases.

PHARMACOEPIDEMIOLOGICAL AND
RETROSPECTIVE INTERVENTIONAL
STUDIES

Pharmacoepidemiology is an observational bridge sci-
ence, spanning epidemiology and clinical pharmacology.
It studies the uses and effects of drugs in a well-defined
population, with the aim of providing a risk-benefit assess-
ment in large numbers of people by estimating the proba-
bility of beneficial effects of a drug and the probability of
adverse effects. Pharmacoepidemiology is often based on
large healthcare utilization databases using the non-ex-
perimental study of intended and unintended drug effects
outside of RCTs, comparing events in an exposed group in
comparison with a control (unexposed) group. Pharma-
coepidemiological studies have led to important discov-
eries, such as the positive effect of aspirin on Ml [34]. The
strength of pharmacoepidemiology over RCTs is the abil-
ity to quantify adverse events that may occur over long
periods. A total of six pharmacoepidemiological studies
have been published with TRT-associated all-cause mor-
tality and/or CV events as endpoints.

1. Pharmacoepidemiological studies with all-cause
mortality as an outcome

A retrospective observational study conducted in
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Seattle, WA, USA evaluated the mortality rate in a series of
1,031 T-treated hypogonadal male veterans 40 years or
older, compared with untreated veterans with hypo-
gonadism (total T<8.7 nmol/L) [35]. Over a mean fol-
low-up period of 40.5 years, it was found that men receiv-
ing TRT (n=398) had a 39% decrease in mortality
(HR=0.61[95% Cl=0.42~0.88]) in comparison to their
untreated counterparts [35]. Similar results have been re-
ported in another retrospective study on type 2 diabetic
subjects, collecting data from outpatient medical facilities
with access to medical records [36]. Over a mean fol-
low-up of 5.8 years, men with a low T level (<10.4
nmol/L) had a two-fold increased risk of death in compar-
ison with the rest of the diabetic population. Both studies
used time-to-event Cox regression analysis. In apparent
contrast with the aforementioned findings, another phar-
macoepidemiological study was published in the Journal
of the American Medical Association reporting data on
mortality [37]. Vigen et al [37] retrospectively evaluated a
cohort of 8,709 veterans who had undergone coronary an-
giography between 2005 and 2011 with low T levels (T <
10.4 nmol/L). Some of the men received TRT, while others
did not. Among the men who received any form of TRT,
25.7% had MACE or died from any cause, vs. 19.9% of
those who did not receive hormonal therapy, with an HR
of 1.29 (95% Cl=1.04~1.58; p=0.02), which was not
substantially affected by adjusting for confounders [37]. It
should be noted that in this study T-associated mortality
was not analyzed individually, but combined in a compo-
site index with the risk of Ml or stroke.

Although the study had many flaws, due to its retro-
spective design and deficiencies in the information avail-
able in the Veterans Administration database, it received
considerable attention in the lay media. In the meantime,
many critiques of this study have been made, particularly
with respect to the lack of repeated T measurements and to
the possibility of inadequate treatment in many of the ex-
amined cases. In fact, after a mean of 3.3 measurements,
T levels rose from 175 ng/dL to 332 ng/dL, suggesting that
the TRT in many, if not the majority, of men in that study
was insufficient. These concerns, in the form of letters to the
editor, were published in the same journal and were only
partially addressed by the authors’ rebuttal [38]. One of the
main criticisms of the study was that 1,132 men who had
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received a T prescription after experiencing a CV event (Ml
or stroke, 36) were excluded from the study. Quite un-
expectedly, the author’s answer indicated the use of ‘an in-
correct notation’ regarding this value [39]. In particular,
they asserted that the number of men excluded for this rea-
son was 128, not 1,132, after the data revision. This is an
89% error rate, involving more than 1,000 individuals. In
addition, 100 women were erroneously included in the
original group of 1,132 individuals.

Many of the pitfalls of the Vigen et al’s [37] report were
recently addressed by Sharma et al [40] in a study includ-
ing the largest cohort and the longest follow-up to date. A
total of 83,010 veterans with documented low T levels
were retrospectively evaluated. The investigators de-
lineated three groups: veterans who had (n=43,931;
group 1) or had not (n=25,701; group 2) achieved
‘normal’ T levels (according to the individual laboratories)
and untreated hypogonadal veterans (n=13,378; group
3). Using a propensity score-weighted Cox proportional
hazard model, the group treated adequately with T
(defined by achieving ‘normal’ T levels under treatment)
had a significant reduction of all-cause mortality as well as
MI and stroke. Furthermore, all-cause mortality and the
risk of Ml and stroke were lower in group 1 than in group
2, leading the study investigators to suggest that “patients

A

who failed to achieve the therapeutic range after TRT did
not see a reduction in Ml or stroke.”

By meta-analyzing these studies [35-37,40], we found
that the lack of TRT in otherwise hypogonadal subjects in-
creased their risk of mortality by 30%, although this find-
ing did not reach statistical significance (p=0.07; Fig. 2A).
In the present meta-analysis, we also considered the Vigen
et al’s [37] study, which, as stated before, did not in-
dividually report the data on mortality, but computed
them together with Ml and stroke. By performing a sensi-
tivity analysis excluding the latter study, lack of TRT was
clearly associated with a statistically significant increased
risk of mortality (OR=1.50 [95% Cl=1.25~1.80]; p
<0.0001). Nonetheless, these results must be interpreted
cautiously because residual confounding factors may still
be a source of bias, including the substantial risk of a pri-
mary selection bias due to the nonrandom assignment of
T exposure. Physicians often prefer to treat healthier in-
dividuals, and healthier individuals more often request
treatment for their hypogonadism-related (sexual) prob-
lems, thus accounting for mortality being lowest in this
group. Finally, three out of four studies used only all-cause
mortality as the outcome, making it impossible to capture
the extent of CV-related mortality.

Study name Findings of each study

Rate ratio and 95% CI

Rate Lower Upper
ratio limit limit p-value
Shores et al [35], 2012 1.29 112 148 0.00 |
Muraleedharan et al [36], 2013 2.30 1.33 3.98 0.00
Vigen et al [37], 2013 0.71 053 096 0.03 R 3
Sharma et al [40], 2015 1.56 154 158 0.00 [ |
Overall 1.30 0.98 172 0.07
0102 05 1 2 5 10
TS No treatment
Meta-analysis
B
Study name Findings of each study Rate ratio and 95% CI

Rate Lower Upper
ratio  limit  limit p-value
Finkle et al [42], 2014 136 1.03 1.80 0.03
Vigen et al [37], 2013 129 1.05 159 0.02
Baillargeon et al [41], 2014 0.84 0.69 1.02 0.08
Etmianan et al [43], 2015 1.01 0.88 1.15 0.88
Sharma et al [40], 2015 0.70 059 0.83 0.00
Overall 1.00 079 125 097
0.1 0.2
TS

Fig. 2. Odds ratios (95% con-
fidence interval [ClI]) for overall
mortality (A) and acute myocardial
inferction (B) in testosterone-
untreated vs. treated (tosterone
replacement therapy) patients.
These data were derived from
available pharmacoepidemiologi-
cal studies [35-37,40-43]. TS: testo-

L
L

05 1 2 5 10
No treatment

Meta-analysis
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2. Pharmacoepidemiological studies with myocardial
infarction as an outcome

A pharmacoepidemiological survey conducted at the
University of Texas Medical Branch at Galveston (USA),
examined 25,420 Medicare beneficiaries 66 years or old-
er treated with T for up to eight years [41]. The authors se-
lected 6,355 patients who were treated with at least one
injection of T between 1997 and 2006 or until they lost
Medicare coverage. Overall, they represented a sample of
5% of beneficiaries. The subjects in this cohort were
matched to 19,065 T nonusers at a 1:3 ratio based on a
composite MI prognostic score and were tracked until
they enrolled in a health maintenance organization, expe-
rienced a M, or died. The study found that TRT was not
linked with any increased risk for Ml (HR=0.84 [95%
Cl=0.69~1.02]). In contrast, men at greater risk for heart
problems who underwent TRT actually had a lower rate of
heart attacks than similar men who did not receive this
treatment. Cox regression analysis, after adjusting for
demographic and clinical characteristics, found an inter-
action between receiving T and the quartile of risk of Ml
(p=0.023). For men in the highest quartile of the Ml prog-
nostic score, TRT was associated with a reduced risk of Ml
(HR=0.69[95% Cl=0.53~0.92]), whereas no difference
in risk was found for the first quartile (HR=1.20 [95%
Cl=0.88~1.67]), second quartile (HR=0.94 [95% Cl=
0.69~1.30]), and the third quartile (HR=0.78 [95%
Cl=0.59~1.01]). Hence, T injection lowered the risk of
heart attack by approximately 30% in the group of men
judged most likely to have a heart attack based on other
factors. A dose-response analysis demonstrated no in-
creased risk in Ml according to the estimated cumulative
dose of T. These findings were robust across a range of sen-
sitivity analyses that addressed eligibility criteria, ex-
posure thresholds, follow-up periods, and covariate ad-
justment [41].

Another retrospective study funded by the National
Institutes of Health investigated, in a large healthcare data-
base from Truven Health Analytics, the rate of nonfatal Ml
in 56,000 middle-aged and older men who were pre-
scribed TRT [42]. The authors compared the rate of CV
events in the 90 days after starting TRT with the rate over
the prior year. The study reported a doubled risk of heart

Giovanni Corona G, et al: Testosterone and Cardiovascular Risk 139

attack among men aged 65 years and older and a two- to
three-fold increased risk in younger men with a pre-exist-
ing history of heart disease, but not in those without prior
CV events. For comparison, the authors analyzed 167,000
individuals who were prescribed a PDE5i under the same
conditions, and no increase in CV events was observed.
The PDEbis were selected as a comparator arm because
many indications for use are similar to T therapy and these
agents are not associated with an increased risk of CV
events. When they followed up men who underwent TRT
for another 90 days, the risk declined to the level it was at
the study’s entry point among men who did not refill their
initial prescription. The analysis offers the advantage of us-
ing more stringent criteria for CV events, as compared to
the vague composite groups used in previous studies [43],
and also correlated the novel incident events with the ear-
ly phase of TRT. Although the authors found an associa-
tion between T therapy and an increased risk of heart at-
tack, the comparison of TRT with PDE5is is questionable
because PDE5is have distinct cardioprotective effects.

A Canadian group from the University of British
Columbia recently performed a case-control study within
a cohort of 934,283 men aged 45 to 80 years, equally
spread demographically throughout the USA, with data
drawn from the IMS LifeLink Health Plan Claims Data-
base. In this study, four controls were identified for each
case of MI, using density-based sampling, and were fol-
lowed-up for 10 years (2001 ~ 2011 [43]). Rate ratios were
computed for current and past TRT patients. As a sensi-
tivity analysis, the risk of Ml before and after the start of a
first-time TRT prescription in the same patient was also
performed. The results demonstrated a 41% increased risk
for Ml in men who received TRT for the first time.
However, a relationship between MI and past or current
TRT was not found, and current use of T was not asso-
ciated with an increased risk of Ml (rate ratio=1.01, 95%
Cl=0.89~1.16). The consensus of this study was that no
association was found between adverse CV events and
continuing TRT [43].

By combining the results from these three studies
[41-43] with those of Sharma et al [40] and Vigen et al [37],
we performed a meta-analysis with Ml odds as the
outcome. The results are presented in Fig. 2B. The rate ra-
tio of Ml lies exactly on the unity point, suggesting no rela-
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tionship between any use of TRT and the risk of MI. Similar
results were observed after the exclusion of Vigen et al [37]
(HR=0.93 [95% Cl=0.74~1.19]; p=0.57).

CONCLUSIONS

T exerts a variety of effects on blood vessels and the
heart [24,27,44]. The pathophysiology underlying poten-
tial associations between T and the CV system is rather
complex, as the hormone has differing effects according to
its binding to different receptors (androgen, estrogen,
membrane-bound, and cytosolic receptors) and inter-
individual variability. The best documented effect of TRT
is the stimulation of red blood cell production [24,27].
Hence, it is important to monitor hematocrit at regular in-
tervals in T-treated subjects in order to avoid potentially
serious adverse events. Previous and present meta-analy-
ses of the available evidence on RCTs, whether or not they
had CV events their primary endpoint, and pharmacoepi-
demiological studies do not support any causal role be-
tween TRT and adverse CV events. This is especially true
when hypogonadism is properly diagnosed and replace-
ment therapy correctly performed. The misdiagnosis and
overtreatment of hypogonadism could be related to an in-
creased risk, as shown by the Basaria et al’s [23] study.
However, as demonstrated elsewhere [24,44-46], TRT
might represent an important new strategy in improving
cholesterol and glucose levels and reducing body fat and
increasing lean muscle mass, which are all factors that re-
duce the risk of heart disease. Accordingly, by meta-ana-
lyzing studies involving subjects with type 2 diabetes mel-
litus or metabolic syndrome, we were even able to identi-
fy a protective effect of TRT against MACE [21]. Similar
conclusions were reached as a joint consensus between
the American Association of Clinical Endocrinologists and
the American College of Endocrinology in an official posi-
tion paper that essentially reports that no compelling evi-
dence indicates that T therapy increases CV risk [47].
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