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Abstract

Purpose of Review The purpose of this review is to analyze the link between testosterone replacement therapy (TRT) and

adverse cardiovascular (CV) events.

Recent Findings A few published studies suggest a link between TRT and CV events. These studies contained flaws, and
many other studies reveal a reduction in CV events. Hypogonadism is associated with increased mortality in men with CVD.
TRT in hypogonadal men can improve many CVD risk factors, reduce QT interval prolongation, lead to better outcomes in
heart failure patients, and slow the progression of atherosclerosis.

Summary The use of TRT to achieve physiologic testosterone concentrations in men does not pose a threat to CV health

and has demonstrated a cardioprotective effect.

Keywords Testosterone replacement therapy - Cardiovascular disease - Heart - Hypogonadal men - Testosterone -

Myocardial infarction

Introduction

In March of 2015, the FDA modified testosterone (T) labeling
to indicate an increased risk of heart attack and stroke [1e].
From 2010 to 2014, four studies were published that indicated
a link between testosterone replacement therapy (TRT) and
increased risk of cardiovascular (CV) adverse events [2-5].
These studies were later found to have major flaws.

The Vigen et al. study was retrospective and found to
have substandard statistical analyses, resulting in two post-
publications corrections. A second review of the data revealed
that those in the TRT group had a 50% reduction in absolute
risk for CV events, although the initial publication claimed the
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opposite. It was also later discovered that nearly 10% of the indi-
viduals in the study were women [6].

In the Finkle et al. study, there was no control group to
compare the rate of CV events between the TRT group and
the untreated group [7]. This study also used prescription
information, and there were no records to assess compliance
of the study group. There was also no monitoring of T levels,
so it is unclear whether the men reached therapeutic T levels
[4]. There were also no records of the patients’ symptoms [7].

The Testosterone in Older Men with Mobility Limitations
(TOM) Trial was stopped prematurely due to increased CV
events in the intervention group [2]. The 209 men who were
enrolled and randomized in the trial had a high prevalence
of CV risk factors at baseline, with 25% having diabetes
mellitus, 50% being obese, more than 80% with hyper-
tension, and about 50% of the men had pre-existing heart
disease [8]. However, this trial did not have predetermined
CV endpoints because the trial was not originally designed
to study CV health [9]. The CV adverse events were very
diverse, which reduces the odds of these events being due
to a single mechanism. There was not a consistent pattern
in these events, and the number of overall events were small
enough to suggest the possibility that the different rates of
CV events between the two trial groups may have been due
to chance alone [2].
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Xu et al. published a meta-analysis of 27 placebo-
controlled randomized trials lasting longer than 12 weeks,
for a total of 2994 middle-age or older men. One thousand
seven hundred thirty three of these men were in the testos-
terone groups, and 1261 were in the placebo group. The
conclusion of this meta-analysis was that exogenous tes-
tosterone use increased the risk of CV events [5, 10]. The
increased occurrence of CV adverse events with testosterone
therapy was particularly notable in trials which were not
funded by the pharmaceutical industry, although this could
be due to chance [5]. Only two of these trials provided a
comprehensive list of CV related events by study arm. In
some of the trials, it was not clear whether the classification
or definition of adverse CV events was made by masked
assessors [5]. Several of the smaller studies did indicate that
testosterone reduced CV related events, and there were no
similar small studies indicating the opposite. Using a forest
plot, the authors conclude that the studies were homogenous
(12=7.8%). Using a fixed effect model, the meta-analysis
states that testosterone increased the risk of CV related
adverse events with an odds ratio of 1.54 (95% CI 1.09 to
2.18) [5]. The authors of this study list many limitations.
Analysis by funding and funnel plot indicates that there are
possible conflicts of interest in reporting adverse events.
Also, some trials only reported serious adverse events, and
the severity of events varied between trials [5]. In some
testosterone trials, there was the lack of reporting of CV
events, and subject drop-out due to increased prostate-
specific antigen or polycythemia could cause bias towards
the null hypothesis [10].

The number of testosterone prescriptions for men in
the USA tripled from 2001 to 2011 [11]. Testosterone
therapy has been regarded as controversial due to concerns
of increased risk of adverse CV events. A decrease in pre-
scriptions was noted from 2013 to 2016, with the steepest
decline shortly after these studies were published and the
FDA communication in March of 2015 [1e, 11]. Although
these four flawed studies suggested increased CV risk with
TRT, over 100 studies have reported reduced CV risk in men
with higher endogenous T concentration and improvement
of known CV risk factors and reduced mortality in men who
underwent TRT [6].

Testosterone Physiology

Testosterone is primarily synthesized from cholesterol in the
Leydig cells of the adult testes. The hypothalamic-pituitary-
gonadal axis is responsible for regulating sex hormones. The
hypothalamus synthesizes and secretes gonadotropin releasing
hormone (GnRH) in pulsatile bursts into the hypothalamic-
hypophysial-portal circulation. Gonadotrophs of the anterior
pituitary synthesize and secrete follicle stimulating hormone
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(FSH) and luteinizing hormone (LH), which are gonadotropins
that control gonadal function [12].

LH is essential for both trophic and acute regulation of
steroidogenesis. LH maintains optimal levels of the required
enzymes for T synthesis, as well as mobilizes and transports
cholesterol into the inner mitochondrial membrane [13, 14].
Testosterone and its metabolites exert their effects by binding
to the androgen receptor (AR).

Testosterone’s mechanisms of actions can be classified as
pre-receptor, receptor, or post-receptor [15]. In the pre-receptor
mechanism, T can be converted to dihydrotestosterone (DHT)
by Sa-reductase, which binds to the androgen receptor with a
greater affinity than T. DHT has a more stable hormone-receptor
complex, which allows for the amplification of the hormonal
signal [16]. Testosterone can also be converted to estradiol by
aromatase [17]. This conversion to estradiol diversifies the
action through binding of estrogen receptors [15]. The androgen
receptor is encoded by a single gene found at Xq11-12. ARs are
found ubiquitously throughout the body [18]. Once the androgen
has bound, the AR rapidly translocates to the nucleus, where it
acts as a transcription factor [19]. Androgen receptor sensitivity
is variable among men and explains the only moderate correla-
tion with T levels and hypogonadal symptoms [20].

It is important to consider variations in the AR. Genetic
variability of the CAG trinucleotide repeat on exon 1 of the
AR gene is responsible for variations in AR sensitivity [20].
Progressive expansion of this trinucleotide repeat leads to a
linear decrease in transactivation function [21]. Differences in
the AR gene could explain why some males with testosterone
deficiency (TD) are more strongly affected by clinical symp-
toms than others [20].

Circulating testosterone is primarily bound to sex hor-
mone-binding globulin (SHBG) and, to a lesser extent,
serum albumin. Free testosterone is not bound to any serum
proteins. Only free testosterone is bioavailable and hence
biologically active. This is why some patients may have nor-
mal total testosterone and have symptoms of hypogonadism
because their SHBG levels may be high and have low levels
of free testosterone [22, 23].

Testosterone has many physiologic functions in the body. T
is responsible for male primary and secondary sexual develop-
ment. This includes increasing libido, male hair patterns, voice
deepening, and anabolic muscle and bone effects. T also plays
arole in erythropoiesis, which leads to males having a higher
hematocrit than females [24].

Testosterone’s Role in the Heart

In the USA, cardiovascular disease (CVD) is the lead-
ing cause of death in men [25]. Variable risk factors for
CVD include smoking, sedentary lifestyle, hypertension,
obesity, hyperlipidemia, and diabetes mellitus [26]. Even
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when coronary heart disease risk factors are considered
and adjusted for, the incidence of coronary heart disease is
about twice as prevalent in men than it is in women [27, 28].
Hypotheses for this discrepancy include a protective effect
of endogenous female hormones, which has been found to
increase angiogenesis and vasodilation and decreases reac-
tive oxygen species, oxidative stress, and fibrosis [29].
Testosterone has been shown to alter myocardial and
vascular cell behavior [7]. T downregulates L-type voltage-
gated calcium channels and upregulates calcium-activated
potassium channels, which leads to vasodilatory effects [9].

Testosterone Deficiency

The prevalence of TD ranges from 10 to 40% around
the globe [30, 31] and increases with age. TD, or male
hypogonadism, arises from disruption at any level of the
hypothalamic-gonadal-pituitary axis [32]. While there are
various definitions for male hypogonadism from different
organizations, the Endocrine Society defines it as a “clini-
cal syndrome that results from the failure of the testis to
produce physiological concentrations of testosterone (T)
(T deficiency) and/or a normal number of spermatozoa
due to pathology at one or more concentrations of the
hypothalamic-pituitary-testicular axis” [33, 34]. Hypo-
gonadism can be classified as primary or secondary. In
primary hypogonadism, the problem lies at the testicular
level. It is classified by elevated gonadotropins, decreased
testosterone, and impaired spermatogenesis. Secondary
hypogonadism is characterized by low testosterone and
low or inappropriately normal gonadotropin levels. Both
primary and secondary hypogonadism can be congenital
or acquired [32]. Age-related hypogonadism is a result of
both testicular failure and hypothalamic-pituitary failure.
Leydig cells of elderly men are less responsive to gon-
adotroph stimulation, and there are decreased numbers of
Leydig cells in the testes. As men age, the pulsatile nature
and amplitude of GnRH secretion decrease, consequently
decreasing LH production [35].

The cutoff for diagnosing TD varies according to dif-
ferent sources, but the most recent guidelines as of 2018
recommend 300 ng/dl as the cutoff [36, 37]. It is recom-
mended to measure total serum testosterone in the morning
because of the diurnal pattern of testosterone levels. The
highest level is reached in the early morning, and low values
should be confirmed by a second assay [38]. Hypogonadism
is usually diagnosed by a combination of low serum testos-
terone and clinical symptoms. Early symptoms of TD are
fatigue, irritability, and decreased libido [39]. More severe
and prolonged TD may result in regression of secondary
sex characteristics, anemia, muscle wasting, osteoporosis,

oligospermia, and abdominal adiposity [40]. Notable sexual
symptoms include decreased libido, decreased sexual activ-
ity, decreased frequency of morning erections, and erec-
tile dysfunction [41]. Psychological symptoms can include
decreased energy, depressed mood, sleep disturbances, and
poor concentration and memory [42].

As noted above, it is important to consider the sex hor-
mone-binding globulin (SHBG), free testosterone, and pos-
sibly decreased sensitivity of AR when interpreting the vari-
ability between T levels and symptoms [20-23].

Testosterone Replacement Therapy

The goal of TRT is to restore the normal T levels of the
individual without achieving supraphysiologic concentra-
tions and subsequently improving the symptoms of hypo-
gonadism [43]. It is best to use natural T, as opposed to
synthetic androgens, since this allows for the whole range of
physiologic effects to be achieved. There are many methods
of preparation for T, such as oral (not FDA approved), intra-
muscular, transdermal, subdermal, buccal, and nasal agents.
However, natural T is heavily absorbed by the intestine and
metabolized by the liver before it can reach significant levels
in the blood stream, so the oral route is not recommended for
natural T due to low bioavailability [44]. All these routes of
administration have various advantages and disadvantages.

TRT in hypogonadal men improves libido, erectile
function, and overall sexual satisfaction [45]. TRT also
improves bone mineral density, body composition, muscle
mass and strength, mood, energy, quality of life, cognitive
function, and anemia [46]. TRT has been shown to improve
risk factors for CVD. In an analysis of multiple studies,
individuals on TRT show significant reductions in serum
total cholesterol (— 0.4 to—0.23 mmol/l), LDL (—0.98 to
0.1 mmol/l), and triglycerides (—0.39 to — 0.05 mmol/l), as
well as an increase in HDL (—0.05 to 0.692 mmol/l) [47,
48]. These effects appear after 4 weeks and are maximal
after 612 months [48]. TRT is also associated with a reduc-
tion in weight, BMI, and visceral fat [47]. Fat mass was
decreased by 0.4 to 5.7 kg, on average [48]. Percent body
fat was also significantly decreased after 90 days in men
receiving testosterone gel (doses of 50 and 100 mg/day)
compared to placebo (P=0.0018 and P=0.0001, respec-
tively) [49]. The reduction was — 1.0 +0.3% in the 50 mg/
day group and — 1.8 +0.2% in the 100 mg/day group [49].
This is important because obesity and hypogonadism exist in
a vicious cycle. Obesity is a major cause of hypogonadism,
and hypogonadism can lead to increased adiposity [9, 50].
TRT can also improve metabolic syndrome and diabetes by
increasing insulin sensitivity which leads to better glyce-
mic control and lower HbAlc [7]. Double-blind placebo-
controlled studies showed that TRT reduced HbAlc by
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approximately 0.8% by 18 months [47, 51] (see Fig. 1 for
the multiple beneficial effects of testosterone replacement
therapy in hypogonadal men).

Men who did not achieve therapeutic levels of T had
higher rates of myocardial infarction, stroke, and death
compared to men who achieved therapeutic levels of serum
T. Also, these subtherapeutic men had similar rates of myo-
cardial infarction and stroke as men who did not receive
TRT [52]. Achieving physiologic levels of T can have a
cardioprotective effect. Several studies have demonstrated
reduced carotid intima media thickness in response to TRT,
which is a marker of atherosclerosis [53]. In hypogonadal
rats, TRT increased cardiac contractility, and cardiomyo-
cytes displayed quicker relaxation [54, 55]. In men, TRT
alleviated the risk of torsade’s de pointes by decreasing the
QT interval [56]. It is thought that T shortens the QT interval
by upregulating K* currents and suppressing Ca** currents
[57]. In men with coronary artery disease, T increased the
time to exercise induced ST-segment depression on tread-
mill stress testing [58—60], possibly due to the vasodilatory
and anti-ischemic effects of T [61]. Endothelin-1, a potent
vasoconstrictor, was found to be increased in males with
hypogonadism and lowered when treated with T [10, 62].
TRT is also associated with a decrease in proinflammatory
cytokines such as interleukin-1f, which is thought to play

a role in the development of atherosclerosis and coronary
artery disease [63]. IL-1p decreases the p-adrenergic respon-
siveness of L-type Ca** channels and decreases expression
of Ca®* regulatory genes. IL-1p also increased expression
of nitric oxide synthase in cardiac myocytes, which leads
to lower energy production and myocardial contractility
[64]. TRT in hypogonadal men shifted cytokine balance by
downregulating inflammatory cytokines and upregulating
anti-inflammatory cytokines like IL-10 [65]. These proin-
flammatory cytokines act on the hypothalamic-pituitary-
gonadal axis and result in decreased T production in the
testes, which can result in a negative feedback loop [66].
In patients with heart failure, TD is correlated with New
York Heart Association (NYHA) class, functional exercise
capacity, and worse clinical prognosis and mortality. TRT
can have beneficial effects a number of these heart failure
factors if the patient is hypogonadal [67]. In a meta-analysis
of four studies, it was revealed that 35% of hypogonadal men
with heart failure saw an improvement in NYHA functional
class when on TRT [68].

Men on TRT do show an increase in overall prostate size,
but this increase does not differ from men who are not on
TRT. There is no link between increasing lower urinary
tract symptoms and TRT, so there is not a contraindication
for TRT in men with benign prostatic hypertrophy [69]. A

Benefits of Testosterone Replacement Therapy in Hypogonadal Men
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Fig. 1 Benefits of testosterone replacement therapy in hypogonadal men. Created with BioRender.com
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relationship between serum testosterone levels and prostate
cancer progression was first described in the 1940s [70].
Furthermore, in 1982, it was reported that men with meta-
static prostate cancer given TRT had worse outcomes [71].
This has led to a prohibition in prescribing TRT to men with
a history of prostate cancer or an increased risk for prostate
cancer. The discovery of androgen deprivation as a treatment
for prostate cancer was a significant finding, but misinter-
pretation of this work has led to inaccurate conclusions sur-
rounding TRT and prostate cancer [72] The prostate cancer
rate in TRT trials is only 1%, which is similar to the rates of
detection in screening programs [73]. Several studies have
failed to find a higher than expected risk of prostate cancer
progression or reoccurrence in men who were previously
treated with prostate cancer [72].

A common side effect of TRT is erythrocyte proliferation
and resulting polycythemia [74]. Increased blood viscosity
may predispose to ischemic sequelae. It is recommended
that patients on TRT have CBC monitoring of hemoglobin
prior to initiation, at 3 to 6 months, 12 months, and annually
thereafter [33]. Therapeutic phlebotomies should be initi-
ated at hemoglobin levels greater than 18 g/dl and monitored
thereafter [75]. Hematocrit greater than 54% is a contrain-
dication for TRT [7].

Conclusion

The Testosterone Replacement therapy for Assessment of
long-term Vascular Events and efficacy ResponSE in hypo-
gonadal men (TRAVERSE) is a randomized, double-blind,
placebo-controlled study with the goal of determining the
safety of long-term TRT regarding major adverse cardio-
vascular events in middle-aged and older men with hypog-
onadism. TRAVERSE is the largest (5246 participants) and
longest duration (up to 5 years) randomized study about the
safety of TRT ever conducted. The patients either received
daily transdermal 1.62% testosterone gel or matching pla-
cebo gel in metered-dose pumps. The average age of par-
ticipants was 63.3+7.9 years. 54.2% of the testosterone
group and 55.2% of the placebo group had pre-existing car-
diovascular disease. Median testosterone level at baseline
was 227 ng/dl interquartile range 188-285) for the testos-
terone group and 227 ng/dl (interquartile range 188-258)
for the placebo group. The average duration of treatments
for the testosterone and placebo groups was 21.8+14.2 and
21.6 + 14.0 months, respectively. At 12 months, the average
increase in serum testosterone in the treatment group was
148 ng/dl, compared to 14 ng/dl in the placebo group. The
primary safety end point was the first occurrence of any
component of major adverse cardiac events, a composite
of death from cardiovascular causes, nonfatal myocardial
infarction, or nonfatal stroke in a time-to-event analysis

[76]. The study was completed on January 19, 2023 [77ee,
78]. The data showed that TRT was noninferior to placebo
in incidence of major adverse cardiac effects [76]. Prostate
cancer occurred in 0.5% patients in the testosterone group
and 0.4% of patients in the placebo group (P=0.87) [76].
Unexpectedly, the testosterone group has more cases of non-
fatal arrhythmias warranting intervention (5.2% versus 3.3%,
P=0.001) [76]. Atrial fibrillation occurred in 3.5% of the
testosterone group and 2.4% of the placebo group, although
this is not a significant difference (P =0.02). This is at
odds with a cohort study which suggested decreased atrial
fibrillation incidence with testosterone normalization [52].
Acute kidney injury occurred in 2.3% of the T group and
1.5% of the placebo group (P=0.04) [76].These findings
added to previous studies will facilitate a more informed
consideration of potential benefits and risks regarding TRT
in middle-aged and older hypogonadal men regarding the
cardiovascular safety.

As with all therapies, the goal is to maximize the benefits
and minimize the risks. This includes creating a standard-
ized plan to monitor the patient’s symptoms, side effects,
hemoglobin, and testosterone levels [72]. A review of data
clearly supports the cardiovascular safety of appropriately
monitored testosterone therapy.
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