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Abstract: The role of testosterone therapy (TTh) in cardiovascular disease (CVD) outcomes is still
controversial, and it seems will remain inconclusive for the moment. An extensive body of literature has
investigated the association of endogenous testosterone and use of TTh with CVD events including several
meta-analyses. In some instances, a number of studies reported beneficial effects of TTh on CVD events and
in other instances the body of literature reported detrimental effects or no effects at all. Yet, no review article
has scrutinized this body of literature using the magnitude of associations and statistical significance reported
from this relationship. We critically reviewed the previous and emerging body of literature that investigated
the association of endogenous testosterone and use of TTh with CVD events (only fatal and nonfatal).
These studies were divided into three groups, “beneficial (friendly use)”, “detrimental (foe)” and “no effects
at all (bystander)”, based on their magnitude of associations and statistical significance from original research
studies and meta-analyses of epidemiological studies and of randomized controlled trials (RCT’). In this
review article, the studies reporting a significant association of high levels of testosterone with a reduced risk
of CVD events in original prospective studies and meta-analyses of cross-sectional and prospective studies
seems to be more consistent. However, the number of meta-analyses of RCT’ does not provide a clear
picture after we divided it into the beneficial, detrimental or no effects all groups using their magnitudes
of association and statistical significance. From this review, we suggest that we need a study or number of
studies that have the adequate power, epidemiological, and clinical data to provide a definitive conclusion on
whether the effect of TTh on the natural history of CVD is real or not.
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Introduction

The relationship between the use of testosterone therapy
(T'Th) and increased risk of cardiovascular disease (CVD)
outcomes is still controversial (1,2). Little is known about
whether or not this controversy will soon be clarified (3,4).
The main reason is that in the last decade the use TTh has
had an unprecedented growth (4). Multiple causes have

© Translational Andrology and Urology. All rights reserved.

been suggested to be responsible for this increase (2,4).
For instance, the prevalence of testosterone deficiency and
hypogonadism (testosterone deficiency plus symptoms)
among American men is 24% and 5.6%, respectively (5-7).
It is estimated that there are approximately 2.4 million men
in the U.S. aged 40 to 69 years with testosterone deficiency
(8,9). In addition, a greater concern is that by 2025
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approximately 6.5 million American men aged 30 to 80 years
will suffer from testosterone deficiency (3). Further,
testosterone deficiency is frequently accompanied by a
number of symptoms including sexual dysfunction, fatigue,
mood disturbance, decline in bone mineral density, and
changes in body composition, with increased adipose tissue
and decreased muscle mass (3,7,10).

The epidemic of obesity has also played an important
role in the increased use of T'Th (11). Most epidemiological
studies have shown that weight gain (measured by body
mass index, waist circumference and percent body fat)
reduces the levels of testosterone. Therefore, it is suggested
that obesity has the potential to increase the use of TTh
through the reduction of testosterone levels (10,12).
The concern regarding the interplay between obesity,
testosterone deficiency, and T'Th is that the rates of obesity
are expected to continue increasing (13).

Another significant contributor of the high prevalence
of testosterone deficiency and increased use of T'Th is the
aging of the American male population (14). Testosterone
peaks during the teenage years, but starts decreasing among
men in their late 30’ (8,15). These factors combine with
their sequelae have become a significant public health
concern.

Therefore, capitalizing on the increasing prevalence
of testosterone deficiency, hypogonadism, the obesity
epidemic, and the aging of the American male population,
pharmaceutical companies have aggressively strategized
direct-to-consumer marketing (3,4,14). Similarly, the
establishments of clinics specializing in treating testosterone
deficiency have increased by promoting that men who use
T'Th will become more energetic, alert, 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 to regaining the vitality of their youth” (3,4,16).
Although it would be expected that the significant increased
use of T'Th to treat testosterone deficiency would be
considered a logical remedy, this treatment has generated
one of the most well-known controversies due to a
suggested increase risk of CVD among users.

Criteria to define “beneficial (friendly use)”,
“detrimental (foe)” and “no effects at all
(bystander)” groups

In this review, we critically discuss the previous and
emerging literature on the association between T'Th and
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CVD’s from original research studies and meta-analyses
of observational studies and of randomized-placebo
controlled trials. We separated the body of literature into
three groups: “beneficial (friendly use),” “detrimental
(foe),” and “no effects at all (bystander)” based on their
magnitude of association (overall for the meta-analyses).
For instance, studies with “beneficial (friendly use)” effect
had a magnitude of association, such as odd ratios (OR’),
rate ratios or relative risk (RR’), or hazard ratios (HR’),
that is below or equal to 0.90; studies with “detrimental
(foe)” effects had OR’s, RR’s or HR’s that are higher or
equal to 1.10; or “no effects at all (bystander)” if it is neither
“friendly” nor “foe”. These cutoff points were chosen
arbitrarily, but magnitudes of association with values that
are <90.0 or <1.10 have a very small effect that is difficult to
interpret; they are closer to the null and very likely due to
chance. In addition, we considered whether these magnitude
of associations reached statistically significance (SS) or not
(NS). For consistency, we only presented the magnitude
of the association of CVD (fatal and nonfatal) events
comparing higher to lower levels of testosterone (continuous
increment of testosterone or categorical by comparing
high to low groups). For those studies that presented their
analyses by comparing low to high categorical groups of
testosterone, we took the reciprocal of the magnitude of
the association to present the comparison of high to low
categorical groups. It is possible that one single study can
be presented more than once in the tables because they
reported several independent analyses using total-, free-
and bioavailable-testosterone with different CVD events
(i.e., myocardial infarction, stroke, etc.). Furthermore,
we only reported those studies that were fully-adjusted in
the multivariable modeling. Studies that investigated the
interplay between levels of testosterone or use of TTh with
all-cause mortality were not included in this review, as most
of these studies do not take into account competing risks in
their analyses, so the possibility of confounded association
increases.

High serum total-, free- and bioavailable-
testosterone and CVD events in epidemiologic
studies (Table 1)

"To understand the controversy of the interplay between use
of T'Th on CVD events, it is important to first present the
current literature on the role of endogenous testosterone in
the development of CVD events in population-based studies
(Table 1) (17-27). Naturally, testosterone levels among men
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peaks during the teenage years and decreases in the late
30’s (8,15). Interestingly, the risk of CVDs increases with
age. Therefore, epidemiological studies have investigated
the relationship between levels of testosterone and etiology
of CVD outcomes very closely. We primarily focused on
presenting the association of high levels of serum total-,
free- and bioavailable testosterone with CVD events (fatal
and nonfatal) in prospective cohort studies. We identified
12 prospective studies that used different CVD outcomes
(fatal and nonfatal) and different exposures of testosterone,
such as total-, free- and bioavailable-testosterone (17-27).
These forms of testosterone measurements were reported
as continuous increment (low to high) or categorical
(highest vs lowest percentile). In terms of validity of the
study design, randomized controlled trials (RCT’) have
the highest validity, followed by prospective studies.
However, most randomized trials of T'Th are not powered
to investigate their effect on CVD outcomes (28).

Beneficial (friendly) effect

In the “beneficial (friendly)” effects group, we identified six
prospective studies that conducted analyses of high levels
of total-, free- and bioavailable-testosterone with different
CVD events. For instance, Yeap et al. 2009 (17) reported
independent associations of high levels of total- and free-
testosterone with the same CVD outcome [incident stroke or
transient ischemic attack (TTA)]. With the exception of one
study [Hak ez #l. 2002 (21), n=504], most of these prospective
studies included a study population of more than 1,000
participants. Yeap er al. 2014 (20) was the research study
with the largest number of number of men included, 3,690.
Several studies included in their analyses more than 300
CVD events. For instance, Ohlsson ez 4. (18) investigated a
total of 485 CVD events and Yeap ez al. 2009 (17) study was
the one with the smallest number of CVD events (n=119).
The longest follow-up years was conducted in Shores et 4.
2014 that included a median of 9 years (19).

In general, the majority of the multivariable analyses
in these studies showed that high levels of total-, free-, or
bioavailable-testosterone reduced the risk CVD events. The
majority of the magnitude of associations were below 0.71,
and lowest one was 0.20 (21). Most of these associations
were statistically significant. The only three analyses that
did not reach statistical significance had a magnitudes of
association of 0.84 (18), 0.90 (19), and 0.85 (20). Although
several analyses were conducted with total-, free- and
bioavailable-testosterone with different CVD events, we

© Translational Andrology and Urology. All rights reserved.
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did not find a specific pattern whether one of the forms
of testosterone has a greater effect with one of the CVD
events.

Detrimental (foe) effects

In the “detrimental (foe)” effects group, we only found four
studies (19,23-25). Also, these studies conducted several
analyses using high levels of total-, free- and bioavailable-
testosterone with different CVD events. The study with
the largest number of participants included 1,568 men (23)
and the one with the smallest number of participants
included 495 (24). Reasonable number of CVD events
were included in these studies as well, the study with the
highest number of CVD events included 436 (19) and the
one with the smallest number 80 (23). The follow-up time
for study participant was similar to the one from “beneficial
(friend)” effects group with 10 years of follow-up (25).
The magnitude associations varied widely in this group.
One of the studies reported a 3.61-fold increased risk of
ischemic arterial disease (IAD) (24) and the one with lowest
magnitude of association reached a value of 1.14 for first
ever MI (23). Interestingly, of all the analyses conduced in
this group, only one reached statistical significant (24). This
is study reported a 3.61-fold increased risk for IAD among
men with high levels (Q5 >6.85) of total testosterone
compared to second quartile (Q2 3.94-4.88), however,
this study has one of the smallest number of CVD events
included in the analysis (n=146).

No effects at all (bystander)

In this group, we only identified four prospective studies
(20,23,26,27). However, several independent analyses were
conducted. The sample size in the study with the largest
number of participants included 3,620 (20). It is important
to note that although several analyses were conducted in
these studies most of them included very small numbers of
CVD such as <100 (Vikan et /. 2009, n=80; and Haring ez a/.
2013, n=56 and n=92). The number of follow-up of years
is very similar to the other studies in Tuble 1. Yet, none
of these studies included in this group reached statistical
significance. Conducting different analyses using total-,
free-, or bioavailable did not make a different in the values
of the magnitude of associations. It is possible that the
lack of statistical significance can be driven by the small
numbers of CVD events, but also most of the values for
the magnitude of associations are small and close to the
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null. Because there are other well-established risk factors
for CVD events (e.g., smoking, diabetes, hypertension,
diet, etc.), it is very unlikely that T'Th plays a role in the
development of those CVD outcomes. Therefore, in this
body of literature T'Th may be a bystander.

Meta-analyses of observational studies
investigating the association between serum
total-, free- and bioavailable-testosterone and
CVD events in epidemiological studies (Table 2)

We conducted similar review of the literature with the
meta-analyses of epidemiological studies, and we separated
this literature three groups of “beneficial (friendly use)”,
“detrimental (foe)” and “no effects at all (bystander)”
groups using the overall value of magnitude of association.
Three meta-analyses of epidemiological studies were found
(29-31). However, the inclusion of different study designs
was included. For instance, Corona et 2. 2011 included
only cross-sectional studies (n=54 studies), while Araujo
et al. 2011 included a combination of both prospective
and cross-sectional (n=7 studies). The third meta-analyses
study only included prospective studies (n=18 studies). It is
important note that the overall magnitude of associations
of the total-, free-, and bioavailable-testosterone with
different CVD events in the three meta-analyses were all
“beneficial (friendly) effects”. These meta-analyses either
included a large number of participants or large number of
CVD events. The largest meta-analyses of epidemiological
studies conducted as of to date is from Corona et al. 2011
that reported a statistical significant inverse association
between total testosterone and CVD events (HR =0.53;
95% CI, 0.44-0.60) in 54 studies. Similarly, Ruige et a/.,
2011 reported a reduced risk of CVD events among men
with higher levels of total testosterone (HR =0.89; 95% CI,
0.83-0.96), while no significant association were reported in
Araujo et 4l. meta-analyses. Although cross-sectional studies
do not have the same validity compared to prospective
studies and randomized trials they are hypothesis
driven and in the findings reported by Corona et al.
in the 54 studies were similar in magnitude and direction
compared to the 18 prospective used in Ruige ez #/. 2011.

Meta-analyses of randomized placebo-controlled
trials investigating the effect of TTh on CVD
events (Table 3)

In Table 3, only meta-analyses of randomized placebo-
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controlled trials were presented (16,32-37). Again, the
overall value of magnitude of association was used to divide
the three groups of “beneficial (friendly)”, “detrimental
(foe)” and “not effects all (bystander)”. We identified a total
of seven meta-analyses of RC'T%. The largest meta-analyses,
Borst et al. 2014, included a total of 35 RCT’ followed by
Corona et al. 2014 that included 31 trials. As previously
mentioned, RCT’s have the highest validity compared to
prospective studies; however, they are not powered with
number of CVD events. For instance, in the two largest
meta-analyses of randomized placebo controlled trials, the
number of CVD events were 218 in Borst et al. 2014, and
209 in Corona ez al. 2014. In the prospective studies shown
in Table 1, the study with the largest number of CVD events
included 485 (18). However, the difference in number of
CVD events included meta-analyses of epidemiological
studies compared to meta-analyses of RCT’ is much wider.
The meta-analyses of only prospective studies included a
total of 4,598 CVD events compared to the largest meta-
analyses of RCT" that included only 218 CVD events. On
the other hand, the number of men taking TTh and included
in the placebo group is robust. The two largest meta-analyses
of RCT’ included more than 2,000 who used T'Th and
more than 1,400 men in the placebo controlled groups. It
is noteworthy to mention that among all meta-analyses of
RCT’s presented in Table 3, only one reported statistical
significance in the effect of T'Th on CVD events (33).

Beneficial (friendly) effect

In this group, only one meta-analyses reported beneficial
effects (Corona er al. 2014) (16). This meta-analyses
conducted two independent analyses looking at the effect of
TTh on CVD outcomes, acute myocardial infarction (n=22)
in 14 randomized trials and stroke (n=7) in five randomized
trials. However, none of the protective effects reached
a statistical significance, [OR =0.68; 95% CI, 0.30-1.52
(P=0.34)] and [OR =0.82; 95% CI, 0.24-2.83 (P=0.76)).

Detrimental (foe) effects

We identified six meta-analyses in this group (16,32-36).
In fact, this is where we found most of the independent
analyses conducted between T'Th and CVD events. In
addition, the only significant inverse association between
TTh and CVD events was observed under this group;
there was a statistically significant 54% increased risk
of cardiovascular related events after comparing use of
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Table 4 Meta-analyses of retrospective cohort studies that investigated the effect of h on CVD events. Magnitude of associations are presented as beneficial

(friendly)*, detrimental (a foe)" or no effects at all (bystander)*

. Number of Number of TTh/ Cardiovascular Results: only fully-adjusted
Study author and year Study design . . . . SS or NS
studies/trials participants (n) placebo (n) events (n) multivariable models
No effects at all Neither beneficial nor detrimental
(bystander) *
Coronaet al., Randomized 5 “np np Acute myocardial OR =1.00; NS

2015 (38) controlled trials

infarction), (n="NA) ~ 95% Cl, 0.79-1.25; P=0.97

*, beneficial (friendly) effects is the magnitude of association such as odd ratios (OR’s), rate ratios (RR’s), or hazard ratios (HR’s) whether they are below or equal
to 0.90; ', detrimental (foe) effects if the OR’s, RR’s or HR’s are greater or equal to 1.10; * no effects at all (bystander) if it is neither friendly nor foe; °, not provided
data; TTh, testosterone therapy; CVD, cardiovascular disease; SS, statistically significant; NS, not statistically significant.

TTh with placebo (OR =1.54; 95%CI, 1.09-2.18). Again,
although the magnitude of association of 1.54 is high and
statistically significant, one must be cautious with the
interpretation of this finding due to the small number of
CVD events (n=180).

No effect at all (bystander)

Two meta-analyses were identified in this group (16,37).
Corona et 4l. 2014 included 26 trials, whereas Ferniandez-
Balsells et al. analyzed seven trials. In Corona et al. 2014
meta-analyses more in-depth analyses were conducted by
using different CVD outcomes, but not one of them reached
statistical significance. Since the effects of these analyses
are small and so close to the null, they may be due to
chance. Two of the CVD outcomes analyses in Corona et /.
included 51 (major cardiovascular events) and 29 (acute
coronary syndrome) events. As previously discussed, the
magnitudes of these effects are so small and close to the null
that may be due to due to chance. In addition, many other
well-established factors related to CVD events that were not
taken into account in these meta-analyses (e.g., diet) may
be playing a significant role. Therefore, any interpretation
derived from this body of literature should be made with
caution.

Meta-analyses of retrospective cohort studies
investigating the association between use of
TTh and CDV events (Table 4)

After reviewing the body of literature using meta-analyses
of prospective studies and RCT’s, we also found one
meta-analyses of retrospective cohort studies (39). The
importance to address this is meta-analysis of retrospective
cohort studies is that two studies that received significant

© Translational Andrology and Urology. All rights reserved.

media attention by reporting an increased risk of CVD
events among men who used TTh are considered
retrospective cohort studies (40,41). Although the validity
of retrospective studies is higher compared to that of
other epidemiological studies such as cross-sectional
studies, the RCT validity is not compared to the one of
RCT’s and prospective studies. In general, retrospective
studies were not designed to investigate the etiology of
one specific outcome. Most of these studies capitalized
from large databases that were not necessarily created with
the intention to investigate the development of a specific
outcome (e.g., cardiovascular or cancer) after following-up a
group of people that were randomized into an intervention
or control groups.

This meta-analyses of five retrospective studies reported
a magnitude of association of OR =1.00, 95% CI, 0.79-1.25
(P=0.97). This value of magnitude of association falls within
the group of “no effect at all (bystander)”. Thus, based from
this body of literature of retrospective studies it is difficult
to conclude that the use of T'Th increased the risk of CVD

events.

Conclusions

The body of literature that investigated the association of
high levels of testosterone with CVD events in original
prospective studies and meta-analyses of cross-sectional
and prospective studies seems to be more consistent
in demonstrating that higher levels of endogenous
testosterone reduce the risk of CVD events. In addition,
after we separated the body of literature into the three
groups of “beneficial (friendly)”, “detrimental (foe)” and
“no effects at all (bystander)” based on their magnitude of
associations and statistical significance, a clearer picture
emerged. We found more studies and analyses reporting a

tau.amegroups.com Transl Androl Urol 2016;5(6):898-908
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beneficial effect on reducing the risk of a CVD event than
in the other two groups (foe or bystander). On the other
hand, the body of literature using meta-analyses of RCT’
for the association between use of T'Th and CVD events
did not provide a clear picture after we divided it into the
beneficial, detrimental or no effect all groups. Only one
of meta-analyses of RCT’s found a statistical significant
increased risk of CVD among men using T'Th. However,
due to the small number of CVD events included in the
meta-analyses of RCT’, the effect of TTh on CVD events
remains inconclusive. In addition, it is even more difficult
to derive a conclusion based on single retrospective studies
or meta-analyses of retrospective cohort studies. The latter
included five retrospective cohort studies and the overall
magnitude of association was null.

In conclusion, after scrutinizing the literature that
investigated the association of high levels of testosterone
and use of TTh with CVD, we can confirm that we need a
study or number of studies with adequate power and clinical
and epidemiological data to provide a definitive conclusion
on this controversy.
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