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Abstract

Purpose of the Review The relationship between the age-
dependent decline of testosterone (T) and cardiovascular
(CV) risk in men is still a matter of intense debate. In particular,
over the last 5 years, several scientific reports have shed a new
negative light on the association between T treatment (TTh)
and forthcoming CV diseases (CVD). Based on this evidence,
the US Food and Drug Administration agency has recom-
mended that all T supplementations carry a warning that
they may increase the risk of heart attack and stroke. To
better clarify the available data on this topic, we scrutinized
and summarized, also by using meta-analytic methods, the
data generated during the last 5 years, as derived from the
analysis of observational (either longitudinal or pharmaco-
epidemiological) studies and from randomized controlled
trials (RCTs) on TTh and CVD risk.

Recent Findings Our analysis shows that there is a clear as-
sociation between baseline T deficiency and overall mortality
and CVD-related mortality when longitudinal surveys were
analyzed, although a specific pathogenetic link cannot be
made. When interventional trials were studied, several but
not all pharmaco-epidemiological studies reported a possible
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protective role of TTh on CV risk; however, data from RCTs
and their meta-analysis, presented here, do not provide us with
sufficient information on this point.

Summary Present data do not indicate an increased risk with
TTh, but there is also insufficient definitive evidence that TTh
is protective. Therefore, further and more specific trials are
advisable to better clarify the possible relationship between
low T, TTh, and CVD in aging men.

Keywords Testosterone - Cardiovascularrisk - Majoradverse
cardiovascular events (MACE) - Late-onset hypogonadism -
Obesity - Insulin resistance

Introduction

In western societies, cardiovascular (CV) diseases (CVD) are
currently the leading killer in both genders, with coronary
heart disease (CHD) being the main cause of CV morbidity
and mortality. Considering that the age-adjusted death rate for
CVD and CHD is at least 30 and 50% higher in men than in
women, a pathogenic role for sex steroids has been hypothe-
sized [1]. Historically, estrogens were considered beneficial,
whereas androgens were considered detrimental to CV health;
however, in our opinion, this view is not only naive but also
erroneous. First, the gender-related difference in CHD is more
subtle than that described by the previously reported simple
prevalence. For example, although occlusive CHD is more
often observed in men, in particular in the youngest age bands,
non-obstructive CHD is more prevalent in women and often
associated with atypical symptoms. Furthermore, acute mor-
tality for myocardial infarction (MI) is higher in women than
in men. These gender-related differences cannot be explained
just by variations in sex steroids; other genetic, environmental,
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and psychological issues should be taken into consideration in
the stratification of CVD risk according to gender [2].

The supposed negative effect of androgens on male CV
health was historically based on data on anabolic steroid
abusers [3] or on transgender men treated with testosterone
(T) therapy (TTh) [4]. However, data generated on TTh in
randomized placebo-controlled trials (RCTs) involving
hypogonadal subjects treated with TTh, and their relative
meta-analyses [5—7], were consistently reassuring. During
the last 5 years, however, several scientific reports have shed
anew negative light on the association between TTh and CVD
risk. Based on this, the FDA has recommended that all T
supplementations carry a warning that they may increase the
risk of heart attack and stroke [8].

The aim of the present review is to scrutinize and to sum-
marize, also by using meta-analytic methods, the data generated
during the last 5 years, as derived from the analysis of obser-
vational (either longitudinal or pharmaco-epidemiological)
studies and from RCTs on TTh and CVD risk.

Methods

The analyses have been conducted based on two separate ex-
tensive Medline/Embase and Cochrane searches, the former
for the identification of observational studies and the latter for
the selection of placebo-controlled RCTs. The Medline and
Embase search was conducted including the following key-
words ((“testosterone”’[MeSH Terms] OR “testosterone”[All
Fields]) AND (“cardiovascular system”[MeSH Terms] OR
(“cardiovascular’[All Fields] AND “system”[All Fields]) OR
“cardiovascular system”[All Fields] OR “cardiovascular’’[All
Fields]) AND (“risk’[MeSH Terms] OR “risk”’[All Fields]))
AND (“humans”[MeSH Terms] AND English [lang] AND
“male”[MeSH Terms]), aimed at identifying observational
studies assessing the relationship between endogenous T
levels and CV risk (development of new CV events or mortal-
ity) and pharmaco-epidemiological studies evaluating the ef-
fect of TTh on CV mortality and morbidity. The Cochrane
search was conducted using the words (“testosterone”
[MeSHTerms] OR “testosterone” [All Fields]) AND
(Clinical Trial [ptyp] AND “humans” [MeSH Terms] AND
English [lang] AND “male” [MeSH Terms]) and was aimed
at retrieving the placebo-controlled RCTs with the same out-
come. Both searches were limited to articles published during
the last 5 years, introducing (“2012/01/01” [PDat]: “2017/04/
017 [PDat]) as a further search term.

Data from observational and pharmaco-epidemiological
studies were extracted as unadjusted and adjusted odds ratios
(OR) with their confidence interval, when available. For the
adjusted data, we selected those deriving from the fully ad-
justed model in each study. The confounding factors used in
each study are reported in Table 1.
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Observational Studies

In 2011, we performed a meta-analysis including the available
longitudinal studies comparing endogenous T levels in sub-
jects with or without CV morbidity and mortality at follow-up.
The meta-analysis involved 10 observational studies, enrolling
12,375 subjects [9]. T level at study entry was significantly
lower among patients with incident overall- and CV-related
mortality, in comparison with controls; however, we did not
find any significant difference in baseline T levels between
cases and controls for incident CVD.

Among observational reports published in the last 5 years,
10 studies [10-19] reported information on overall mortality,
five [10-12, 16—18] on CV mortality, and five [14, 17-20] on
CVevents. In addition, one study reported information on CV
mortality only as a composite event including also acute myo-
cardial infarction and CV revascularization ([18]; Table 1).
The characteristics of the retrieved studies are reported in
Table 1 [10-20]. Retrieved trials included 17,813 subjects
with a mean follow-up of 339 weeks and mean age of
66.5 years. The studies differed in the considered T reference
levels and baseline characteristics of enrolled individuals
(Table 1). Seven studies [10, 12, 13, 16-18, 20] were based
on data derived from the general population, whereas three
studies [14, 15, 19] were performed on specific cohorts. The
10 surveys reporting information on overall mortality [10-19]
included 17,322 subjects with a mean age of 65.7 years.
The unadjusted data showed that low endogenous T levels at
baseline were associated with a higher risk of overall mortality
at follow-up (Fig. 1a). This association was confirmed when
fully adjusted data were considered (Fig. la). The five
surveys [10—12, 16—18] reporting information on CV mortality
included 11,229 with a mean age of 66.3 years. Similar to what
was observed for overall mortality, low T levels at baseline
were associated with a higher risk of CV mortality at follow-
up when both unadjusted and fully adjusted models were
considered (Fig. la).

The five surveys reporting information on CV events [14,
17-20] included 4943 subjects with a mean age of 66.7 years.
The definition of CV events differed among the studies
(Table 1). Only one study reported unadjusted data [19],
showing no difference in CV risk when subjects with reduced
T levels were compared to those with higher T levels. Similar
data were observed when the five trials reporting the fully
adjusted data were considered (Mantel-Haenszel-odds ratio
(MH-OR) 1.11 [0.89; 1.40]; p = 0.36).

Hence, data from the last 5 years are essentially in line
with those reported in previous meta-analyses [9, 21, 22]
showing a clear association between low T and CV-related
or CV-unrelated mortality, but only CV events show a trend
toward significance.

Hypogonadism (HG) is a condition characterized by the
accumulation of visceral adiposity and by an impaired
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Odds ratio
Source # 0.1 1 10 OR LL UL P
Overall mortality
Unadjusted 7 ® 1,48 1,20 1,83 0,00
Fully adjusted 10
L J 1,16 1,06 1,27 0,00
CV mortality
Unadjusted 3 —— 2,01 1,26 3,20 0,01
Fully adjusted 4 —o— 1,53 1,11 2,11 0,36
CV events
Unadjusted 1 —— 1,23 0,68 2,20 NR
Fully adjusted 5 e L11 089 140 036
|
Higher TT ! Lower TT
1
Odds ratio
Source # 0.1 1 10 OR LL UL p
RCTs
MACE 8 ——.— 0,94 0,38 2,36 0,90
Overall CV events 10 —— 0,70 041 1,10 0,20
Placebo TTh

Fig. 1 a Odds ratio for unadjusted and fully adjusted overall mortality,
cardiovascular (CV) mortality, and CV events in subjects with lower
endogenous total testosterone (TT) in comparison to those with higher
TT levels at enrolment. b MH-odds ratio for major adverse cardiovascular
events (MACE) in subjects treated with testosterone substitution (TTh) or

metabolic profile with insulin resistance and dyslipidemia
[23-26]. TTh reverts this phenotype, as demonstrated by
meta-analyses of RCTs [27¢¢] and interventional trials [28,

placebo as derived from randomized controlled trials (RCTs). Among
MACE, the authors considered cardiovascular death, non-fatal
myocardial infarction and stroke, and acute coronary syndromes and/or
heart failure. LL, lower limit; MH-OR, Mantel-Haenszel-odds ratio; UL,
upper limit

29], and so one would obviously speculate that, in HG, any
potentially lethal event leads more often to overall and CV
mortality. However, it is also possible that the reverse is true.
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In fact, unfavorable medical conditions, including diabetes
and CVD, are associated with reduced T levels [30]. From
this point of view, low T is not a causal condition, but it is
instead a consequence of chronic illnesses. The non-
specificity of the association of low T with all-cause mortality,
as well as CV mortality or other disease-related mortality (i.e.,
cancer-related mortality; [16]), and the lack of an association
with the development of CVDs support the latter hypothesis,
according to which low T represents a marker of poor health.
Whether the decline in T has a biological meaning remains an
issue. From a mechanical point of view, it could be a mere
consequence of a pro-inflammatory state, common in several
chronic diseases, which leads to a multileveled disruption of
the gonadal axis [31-33], without any pathogenic meaning.
Conversely, in a more finalistic conception, we have formu-
lated another hypothesis [34, 35]. The decline in T occurring
in ailing conditions, such as chronic diseases, could be a pro-
tective mechanism intended to abolish unnecessary functions
in frail subjects (such as fertility and fatherhood, sexual
behavior, muscle strength and endurance), aimed at sparing
energy for basic functions. Although this hypothesis is not
evidence-based, it fits well with the low T3 syndrome, which
represents a similar adaptive mechanism which blunts thyroid
function during critical illnesses [36].

Data from observational studies cannot provide an answer
on the possible hypothesized pathophysiologic mechanisms;
however, shedding light on this topic could be of particular
importance, because if low T is a risk factor for increased
mortality, TTh could be beneficial. Conversely, if low T is a
biomarker of frailty or a protective mechanism, TTh might
result in a null or even deleterious effect. In this regard,
pharmaco-epidemiological studies are more informative.

Pharmaco-epidemiological Studies

Pharmaco-epidemiology is the study of the utilization and
effects of treatments in large numbers of people, often based
on the use of computerized healthcare datasets, and is useful to
quantify positive or adverse events over a long period of ob-
servation. In the last 5 years, two pharmaco-epidemiological
studies published in 2013 and 2014 [37+, 38¢] have raised
great debate in the international scientific community, sug-
gesting an increased risk of CV events related to TTh. In the
first study, Vigen et al. [37¢] retrospectively assessed a cohort
of 8709 veterans (VA) with low T levels (T total < 10.4 nmol)
that underwent an angiogram between 2005 and 2011. Within
the population studied, the risk of major adverse cardiovascular
events (MACE) or general mortality was significantly higher
among those who were treated with TTh vs. those who did not
receive any treatment (25.7 vs. 19.9%; OR = 1.29 [1.04; 1.58];
p = 0.02). A few months after the publication of this report,
Finkle and coll [38¢] published similar results in another

@ Springer

pharmaco-epidemiological study. The authors analyzed a large
American insurance database (55,593 subjects) by comparing
the rate of MI in the 90 days after the TTh began to the rate in
the year before the prescription. The final data analysis showed
that TTh doubled the risk of MI among men over the age of
65 years, and, in the younger age bands, the risk increased in
those who reported a history of CV disease [38¢]. In addition,
the data were compared with a group of 167,000 individuals
who had been prescribed at the same time a type 5 phosphodi-
esterase inhibitor (PDESi) demonstrating once again an in-
creased risk of CV in the T-group. Both studies, showing an
association of adverse CV events with TTh, have been greatly
criticized [39—45]. In addition, in the same time span, another
series of pharmaco-epidemiological studies [26, 27¢, 28-30,
36] reported just the opposite: TTh was associated with a more
favorable outcome.

Table 2 summarizes the characteristics of the 14 pharmaco-
epidemiological studies published in the last 5 years [37¢, 38e,
46-57]. Nine studies [37°, 46, 47, 49, 51, 52+, 54, 56, 57]
compared the effect of TTh in treated vs. untreated
hypogonadal subjects, whereas in five studies [38e, 48, 50,
52e, 55], the effect of TTh in HG was compared to a healthy
population of untreated subjects. The published trials included
1,382,232 subjects with a mean follow-up of 232 weeks, and
the mean age of the enrolled cohorts was 63.4 years.
Information on overall mortality was available in nine studies
[46, 47, 49, 51, 52+, 54-57], seven of which [46, 47, 51, 52,
55-57] showed a positive, and two [49, 54] a lack of associ-
ation between TTh and survival. Information on acute myo-
cardial infarction (AMI) was available in eight studies [38e,
48, 50, 5254, 56, 57]. Only one [38¢] study reported an
increased risk of MI along with TTh, whereas four reported
a lower risk [51, 55-57]and three no association [48, 50, 54].
Four studies reported an association between TTh and cere-
brovascular events [52¢, 54, 56, 57]. Among these, three studies
[52, 56, 57] indicated a protective effect of TTh and one study
[54] found no association at all. Finally, one study [37¢]
reported only information related to a composite risk including
overall mortality, MI, and stroke, showing that TTh was asso-
ciated with increased CV risk.

Overall, the large majority of retrospective intervention
studies show a negative association between T use and
CVD, although a few studies have claimed the reverse. As
stated before, the studies showing a negative effect of TTh
on CV health have received more attention, including media
attention, than the positive studies.

All the pharmaco-epidemiological studies had several
flaws, which limit the conclusions that can be drawn about
the relationship between CVD and TTh in these populations.
In fact, although the results are often adjusted, residual con-
founding factors may still be a source of selection bias due to
the non-random assignment of T exposure. In fact, physicians
often prefer to treat healthier and/or younger individuals, and
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healthier and/or younger individuals more often request treat-
ment for their hypogonadism-related problems thus accounting
for mortality and morbidity being lowest in this group. In fact,
in a cross-sectional study involving a large sample of veterans
[58], it was shown that TTh was more often prescribed to
younger men and those free from previous CV events. The
propensity of physicians to prescribe TTh in younger men
was also found in an Italian prospective study involving
more than 400 men referred to Endocrinology Clinics [59].
In pharmaco-epidemiological studies, in addition, diagnostic
indications for using TTh and pre- and post-treatment drug
levels of T were often not available. It is unknown whether
the patient, after having received a prescription, actually had it
filled, used it, or obtained and used refills. Finally, some studies
used only all-cause mortality as the outcome, making it impos-
sible to capture the extent of CV-related mortality. Because of
the large variability in the inclusion and exclusion criteria, the
different definitions of the hypogonadal state at the study entry,
the variability in the type of T preparation employed, and the
lack of follow-up during treatment (see Table 2), all the results
obtained with retrospective pharmaco-epidemiological studies
must be interpreted with caution.

Randomized Controlled Trials

Randomized placebo-controlled trials (RCTs) are often con-
sidered as the gold standard for assessing the efficacy and
safety of a specific treatment because of reduced selection bias
through randomization and rigorous assessment of the vari-
able(s) tested by using the comparison with a control group.
Up to now, RCTs specifically designed to test the effect of
TTh on CV outcomes have been scanty and dated. In 2003,
an Institute of Medicine panel [60] recommended a series of
clinical trials to critically evaluate the usefulness of TTh for
several clinical indications. Under this auspice, the T-Trials—
a group of seven coordinated, placebo-controlled, rigorously
designed and well-executed trials—were performed at 12
sites across the USA. They enrolled 790 men to address the
efficacy of TTh in men aged 65 years or older with low T
(< 9.5 nmol/L) for any apparent reason other than age.
Results from some of these trials have recently been published
and one addressed whether there is a change in CV risk factors
upon TTh, as compared to placebo [61¢]. The primary out-
come was the change from baseline in non-calcified plaque
volume, as measured by computed tomography angiography.
Non-calcified plaque volume was used as an estimate of the
increased risk of MI and other CV events. The unexpected
result was that the non-calcified plaque volume increased sig-
nificantly more in the T-treated group, as compared to placebo.
In addition, a significantly greater—although weaker—increase
was noticed for one of the secondary outcomes, fibrous plaque,
in TTh men as compared with the placebo arm. These results
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suggest that TTh is associated with a worsening in the athero-
sclerotic process, particularly with regard to the most unstable
type of plaque, the non-calcified one. However, it should be
noticed that prevalence of atherosclerosis, as well as plaque
volume, was greater at baseline in placebo-treated than TTh
group, thus introducing a bias in the interpretation of the results.
In fact, the greater increase in non-calcified plaque volume
observed in the TTh group could be considered particularly
severe because it occurred in relatively healthier men.
However, an alternative interpretation is that the limited
increase in plaque volume found in the placebo treated arm
could be the expression of an advanced atherosclerotic disease,
which had already achieved a plateau, thus preventing it from
worsening any further. Besides being not homogenously dis-
tributed in the study arms, men with useful information on the
topic of artery disease were relatively few, as only 170 enrolled
men participated for a total length of 1 year. Based on the small
sample size, also the authors recognized that larger studies are
needed to establish a real link between TTh and MACE.
Results of the T-trial were in contrast with those from another
RCT recently performed in the USA, the TEAAM study [62].
TEAAM was a placebo-controlled, double-blind, parallel-
group randomized trial involving 308 men 60 years or older
with a broad range of low or low-normal testosterone levels
(2.5-14 nmol/L), recruited at three US sites. After 3 years of
observation, no difference in the progression of subclinical ath-
erosclerosis between the men assigned to receive TTh or place-
bo was found, as measured by the joint primary endpoints of
intima-media thickness for the carotid artery and coronary
artery calcium, as surrogate markers of atherosclerotic progres-
sion [62]. It is important to note that both T-Trials and TEAAM
do not have actual CV events as their primary endpoint but
utilize alleged markers of them instead. As stated before, there
are no recent, large, long-term RCTs to provide definitive con-
clusions about TTh and CV risk. Hence, information can be
derived from RCTs conducted for other purposes, where
CVD represented a secondary endpoint, and from their meta-
analyses. It is important to note that no RCTs scrutinized by
these meta-analyses were powerful enough for the assessment
of safety outcomes. Onasanya et al. [63+] and Corona et al. [64]
have provided an overview of the available meta-analyses. In
the last 5 years, five distinct meta-analyses were released
[65—69]. The conclusion they reached was in apparent contrast.
Whereas Xu et al. [65] found a T-associated increase in CV risk,
the other four did not, although with some caveats. In fact, in
the meta-analyses by Borst et al. [67] and by Albert et al. [68],
an increase in risk associated with the use of TTh via oral route
was reported. In addition, in that of Albert et al. [68], an in-
creased risk associated also with transdermal preparation was
found, but only in men older than 65 years.

Among the 19 RCTs published in the last 5 years [61¢, 62,
70-86], some of them [70-73] were not taken into consider-
ation in the aforementioned meta-analyses, because they were
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published later. In addition, one completed but still unpub-
lished study was also identified through the clinicaltrials.gov
website (NCT00957528) and considered only in one previous
analysis [66]. We, therefore, decided to perform a new meta-
analysis of recent (last 5 years) trials, including the most recent
RCTs ([61e, 62, 70-86]; NCT00957528). Characteristics
of the retrieved trials are summarized in Table 3, whereas
Fig. 1b reports the main conclusions. Among the 20 RCTs
included in the analysis ([61¢, 62, 70-86]; NCT00957528),
19, 16, 17, and 19 studies reported information on MACE
([61, 62, 70-73, 75-86]; NCT00957528), MI [61°, 62,
70-73, 76-84, 86], stroke [61°, 62, 70-73, 76-86], and CV
mortality [61¢, 62, 70-86], respectively. In addition, 17 studies
also reported information on acute coronary syndrome [61e,
62, 7073, 76-86] and 16 on hospitalization for heart failure
(HF; [61e, 70-73, 75-86]). Retrieved trials included 1710 and
1623 patients in TTh and placebo groups, respectively, with a
mean trial duration of 42.9 weeks. Note that TTh was admin-
istered in different doses, formulations, and cohorts (Table 3).

Of the 19 trials reporting information on MACE ([61¢, 62,
70-73, 75-86]; NCT00957528), 11 detected no events ([61e,
72, 73, 76, 78, 79, 82—-84]; NCT00957528); therefore, the
main analysis was performed on eight trials [62, 71, 75, 77,
80, 81, 85, 86]. The use of TTh was not associated with any
significant difference in the incidence of MACE with respect
to placebo (MH-OR 0.94 [0.38; 2.36]; p = 0.90) (Fig. 1b). In
addition, similar results were confirmed when the individual
MACE was analyzed separately (not shown) and when any
CV-related events were considered (Fig. 1b). Hence, informa-
tion derived from the last 5 years of RCTs are not divergent
from the previous studies: TTh was not associated with
forthcoming CV events, even though a protective role of the
therapy could not be demonstrated.

Overall, the results from RCTs are reassuring, as they do
not demonstrate a harmful effect of TTh on CV health.
However, their results should be considered with caution. In
fact, although evidence deriving from RCTs is regarded as
having the highest level of quality, RCTs also have a number
of drawbacks. Firstly, results from RCTs are often of limited
generalizability, because subjects are usually enrolled according
to a number of strict inclusion and exclusion criteria. In addi-
tion, RCTs typically have relatively short-term follow-ups and
those on the topic of TTh-related CV risk are no exception, as
their duration was no longer than 3 years. This time frame could
be insufficient for capturing CV risk associated with a long-
lastingexposure to TTh. In fact, it is conceivable that TTh is
associated with subtle pathophysiologic changes, which may
take years before developing into an adverse CV event. In
addition, none of the RCTs evaluated the occurrence of CV
events as the primary outcome and only intermediate endpoints
have been considered by some RCTs, providing conflicting
results. Pending further, longer lasting, specifically designed
and powered RCTs, present evidence shows that TTh is not

associated with an increased short-term CV risk, even though
it does not support the contrary hypothesis of a protective role
of TTh on CV health either.

Discussion

In longitudinal observational studies, there is a clear associa-
tion between baseline T deficiency and overall mortality and
CVD-related mortality, even when scrutinizing surveys from
the last 5 years. Concerning the question whether testosterone
deficiency is the cause or the consequence of these CV
diseases, this systematic analysis of the most recent reports
does not help substantially in profiling the direction of this
association. In fact, there are at least three possible open
scenarios for interpreting the relationship: (i) CVD and
hypogonadism are concomitant conditions; (ii) low T favors
CVD; and (iii) CVD induces a hypogonadal state. Concerning
the third possibility, only studies having T levels as a primary
outcome and designed to treat CVD will provide information;
however, such studies are not available yet. It is possible that
CVD could induce a decline in T through the effect of pro-
inflammatory cytokines, which commonly characterize CVD
and other chronic illnesses [31-33], acting at several levels of
the gonadal axis. We have hypothesized that this mechanism
occurring in CVD, as well as other morbidities, and aging
itself, could induce a hypogonadal state as a resilient mecha-
nism to save energy and to decrease fertility, protecting the
species from inefficient fathers and the subjects from spending
excessive energy. Accordingly, we observed that CVD-
associated HG could have a protective effect against forth-
coming MACE [34, 35]. In fact, in a population at high CV
risk, such as that of patients consulting an Andrology clinic for
erectile dysfunction, having low T at study entry is associated
with a significant decrease in the occurrence of adverse CV
events, in particular when cohorts at high risk were selected,
such as those with obesity [34]or those with a previous CV
event [35]. Concerning subjects at high CV risk because of a
previous MACE, total 7 < 12 nmol/L was associated with a
lower incidence of new CV events. Similarly, patients with a
lower testis volume (TV) have a lower incidence of CV events,
even after adjusting for lifestyle factors and comorbidities.
When the two factors were combined (low T + low TV), those
with a history of CVD and fulfilling the two criteria (low T +
low TV) were entirely free of further incident CV events.
Hence, careful consideration of the mechanisms involved is
always necessary prior to translating observational data into
therapeutic decisions. In fact, many epidemiological associa-
tions are determined by adaptive mechanisms and not by patho-
genic factors; the treatment of a compensatory alteration can
easily produce a detrimental effect.

Concerning the possibility that low T favors CV events,
treating the hypogonadal condition should offer a protection
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Table 3  Characteristics of the randomized, placebo controlled clinical studies included in the meta-analysis

Study (ref.) No. of patients Trial duration Age Comorbidities Baseline total T T levels Dose
(T/placebo) (weeks) (years) (nmol/L)
Hoyos et al. 33/34 18 48.5 Obese with OSA 133 Mixed TU
[74] 1000 mg/12-
weeks
Behre et al. 183/179 48 62.0 Elderly men 10.5 Mixed TG 50-75 mg/day
[75]
Hackett et al. 92/98 30 61.5 T2DM 9.0 TT<12nM TU
[76] 1000 mg/12-
weeks
Hildreth et al. 96/47 52 66.5 Elderly men 10.2 TT < 12nM TG 100 mg/day
[77]
Maggio et al. 43/24 156 71.8 Elderly men 134 Mixed T patch 6 mg/day
(78]
NCT00957528 9/8 20 69.6 Elderly men NR Mixed TE 100 mg/week
Borstet al. [79]  14/16 52 70.5 Elderly men 8.8 TT < 104 nM TE 125 mg/week
Gianatti et al. 45/43 40 62.0 T2DM 8.6 <12nM TU
[80] 1000 mg/12-
weeks
Janjgavaetal.  43/42 24 49.7 T2DM NR Mixed TE 250/12 weeks
[81]
Asihetal. [82]  25/25 24 NR Elderly men 17.2 Mixed T cream 5%
50 mg/day
Basaria et al. 155/151 156 67.6 Elderly men 10.5 Mixed TG 75 mg/day
[62]
Basaria et al. 36/29 14 48.9 Treated with 8.5 TT < 12nM TG 50 mg/day
[83] opioids
Cherrier et al. 10/12 24 70.5 Elderly men 10.6 TT < 104 nM TG 50-100 mg/day
[73]
Glintborg et al. ~ 23/23 24 67.5 Elderly men NR BT <73 nM TG 50-100 mg/day
[72]
Paduch et al. 40/36 16 50.7 Ejaculatory 7.5 TT < 10.4 nM T solution
[84] dysfunction 60 mg/day
Brock et al. 358/357 12 553 Elderly men 6.9 TT < 10.4 nM T solution
[71] 60-120 mg/day
Chillarén et al. 6/7 22 46.3 TIDM 10.9 TT<10nM TU
[70] 1000 mg/12-
weeks
Dhinsda et al. 22/22 23 54.7 T2DM 8.6 FT <225 pM  TC 200 mg/2 weeks
(85]
Snyder et al. 395/395 52 72.2 Elderly men 8.0 TT<9.5nM TG 50-100 mg/day
[86]
Budoff et al. 88/82 52 71.2 Elderly men 8.2 TT <9.5nM TG 50 mg/day

[61]

TT total testosterone, FT free testosterone, BT bioavailable testosterone, TE testosterone enanthate, 7U testosterone undecanoate, TC testosterone
cypionate, 7G testosterone gel, NR not reported, 72DM type 2 diabetes mellitus, 7/DM type 1 diabetes mellitus, OSA obstructive sleep apnea

against forthcoming adverse events. This is apparently the
lesson from several [46—57], but not all [37¢, 38],
pharmaco-epidemiological studies recently published.
However, as extensively discussed before, such studies suffer
from several pitfalls: the most important is a selection bias due
to the non-random allocation of the intervention arm. Usually,
the healthier subjects are treated, whereas those with underly-
ing conditions are not. Hence, only analysis of RCTs with a
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rigorous design can tell us whether TTh might increase or
decrease the risk of CV events. RCTs published in the last
5 years and their meta-analysis presented here do not provide
us with clear information on this point. While there is no clear
sign of increased risk, there is also no sign of protection. The
first possibility seems to be the most reasonable—low T and
CV disease are concomitant conditions, and higher T repre-
sents a useful biomarker of general and CV health.
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Conclusions

The interconnections between T and CV health are complex
and far from having been fully clarified. During the last few
years, several scientific reports have pointed out a CV risk
associated with TTh, thus shedding a new negative light
on the safety of TTh. This led the US Food and Drug
Administration agency to release an alert requiring that labels
of medicines containing T report a warning that they may
increase the risk of heart attack and stroke.

The meta-analysis of the available evidence on this topic
helped to depict a comprehensive scenario. Low endogenous
T levels are associated with overall mortality and CVD-related
mortality. This finding appears to be a robust one since it
keeps on confirming previous results; however, it does not
provide definitive information on the pathogenetic relation-
ship between these two conditions. In fact, T deficiency could
represent either a marker of frailty, which develops concomi-
tantly with a chronic illness, or it is the cause of health dete-
rioration, finally leading to death. In the latter case, it could
be expected that TTh improves CV health and decreases mor-
tality. However, such a conclusion cannot be drawn from a
meta-analysis of RCTs, apart from a subgroup analysis
concerning few studies enrolling subjects with metabolic dis-
turbances [66]. Conversely, in the last few years, concerns
about the CV safety of TTh have arisen, but it should be
recognized that, at present, there is no consistent evidence of
a detrimental effect of TTh. Data from most pharmaco-
epidemiological studies suggest an unchanged or decreased
CV risk associated with TTh, whereas only very few have
demonstrated an increased mortality or CV risk, although the
latter received much more editorial and medical attention in
scientific journals and the lay press. The meta-analysis of the
available RCTs did not find any CV risk associated with TTh.
Keeping in mind all the drawbacks of both the observational
pharmaco-epidemiological and the RCT designs, available
evidence is reassuring in terms of the safety of TTh and a
short-term CV risk. On the other hand, there is no proof of a
protective role. There is still a need for further longer and
adequately powered studies to shed light on this complicated
and highly debated matter.
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