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Testosterone and its metabolites: differential
associations with cardiovascular and cerebrovascular
events in men

Bu B Yeap'?

As men grow older, circulating testosterone declines while the incidence of cardiovascular disease increases. Thus, the role of sex
hormones as biomarkers, and possibly contributing factors to clinical manifestations of cardiovascular disease in the increasing
demographic of aging men, has attracted considerable interest. This review focuses on observational studies of endogenous androgens,
namely circulating testosterone and dihydrotestosterone, which have examined their associations with cardiovascular events such
as myocardial infarction and stroke. Studies which have examined the associations of endogenous estrogens, namely circulating
estradiol, with these outcomes are also discussed. In large prospective cohort studies of predominantly middle-aged and older
men, lower circulating testosterone consistently predicts higher incidence of cardiovascular events. Of note, both lower circulating
testosterone and lower dihydrotestosterone are associated with higher incidence of stroke. These associations are less apparent
when myocardial infarction is considered as the outcome. Results for estradiol are inconsistent. Lower circulating testosterone has
been shown to predict higher cardiovascular disease-related mortality, as has lower circulating dihydrotestosterone. It is possible
that the relationship of circulating androgens to cardiovascular events or mortality outcomes may be U-shaped rather than linear,
with an optimal range defining men at lowest risk. Epidemiological studies are observational in nature and do not prove causality.
Associations observed in studies of endogenous androgens need not necessarily translate into similar effects of exogenous androgens.
Rigorous randomized controlled trials are needed to clarify the effects of testosterone treatment on cardiovascular risk in men.
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INTRODUCTION

The decline in circulating testosterone (T) that occurs as men grow
older is a recognized phenomenon."? Part of this change may relate
to the presence of obesity and medical comorbidities.** However,
there is growing recognition that a reference range for T may be
lower when defined in healthy older men® compared with a reference
range reported in reproductively normal younger men.® Older men
are also most at risk for cardiovascular disease (CVD) presenting as
myocardial infarction, stroke, or CVD-related deaths.” Thus, there
is a considerable interest in whether reduced circulating androgens
are risk predictors for higher incidence of CVD events, and if so,
whether an opportunity exists to develop novel interventions.®
Epidemiological analyses conducted using prospective cohort
studies in which large numbers of men are assessed and undergo
longitudinal follow-up are a vital step in addressing this question,
providing an understanding of the underlying associations
between sex hormones and outcomes of interest. This article
reviews prospective cohort studies of men in which baseline sex
hormone profiles are available and CVD-related outcomes have
been ascertained during follow-up. Unless otherwise specified,

T and its bioactive metabolites, dihydrotestosterone (DHT) and
estradiol (E2), refer to circulating concentrations of the total
hormone. In some studies, free T has been calculated using mass
action or empirical equations albeit there are limitations to this
approach.”®

Immunoassays are commonly used for the measurement of
sex steroid concentrations, but they can exhibit nonspecificity and
assay-dependent bias, meaning that particular immunoassays can
under- or over-estimate hormone concentrations when compared
with the reference method which is mass spectrometry.® Therefore,
in this review, particular attention is given to recent studies that have
used mass spectrometry to assay sex hormones, making a distinction
between these studies and other studies based on immunoassay for
sex steroids. For longitudinal analyses of this type, the power to detect
an association is related to the number of outcome events,!' thus
studies that have analyzed larger numbers of incident CVD events or
CVD-related deaths are likely to be more informative. These outcome
events are categorized as a composite outcome of CVD events, specific
outcomes of incident myocardial infarction or stroke, and occurrence
of deaths due to CVD.
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CARDIOVASCULAR EVENTS AS A COMPOSITE OUTCOME
Cohort studies using immunoassays for T and E2

Prospective cohort studies in predominantly middle-aged and older
men, which have examined associations between sex hormones and
incident cardiovascular events, are summarized in chronological
order in Table 1. These include studies in which, in addition to CVD
events, CVD-related mortality has also been reported. Of studies using
immunoassay for sex steroids, Arnlov et al.'* found no association of
T with a composite measure of CVD events (including myocardial
infarction, angina, coronary insufficiency, coronary heart disease
death, stroke, transient ischemic attack, congestive heart failure, and
claudication). In that study, higher E2 was associated with lower risk
of CVD events.'? Haring et al.”* found no associations of T or E2 with
the composite outcome of CVD events (myocardial infarction, angina,
coronary insufficiency, coronary heart disease death, stroke, transient
ischemic attack, and congestive heart failure). Soisson et al.'* described
a J-shaped association of T with the composite outcome of incident
ischemic arterial disease (encompassing angina, coronary dilatation
or bypass, myocardial infarction, and ischemic stroke).

Cohort studies using mass spectrometry for T, DHT, and E2

Of studies using mass spectrometry to assay sex steroids, Ohlsson
et al.”® studied 2416 men aged 69-81 years at baseline, followed up
for 5 years during which time 485 CVD events occurred which are
defined as a composite of coronary heart disease (hospitalizations

due to myocardial infarction, unstable angina, revascularization, and
deaths due to coronary heart disease) and stroke (hospitalizations
due to stroke or transient ischemic attack, and deaths due to stroke).
After adjusting for conventional cardiovascular risk factors, men
with T in the highest quartile of values (=19 nmol ') had lower risk
of CVD events compared with men in the lower 3 quartiles (hazard
ratio [HR]: 0.71, 95% confidence interval [CI]: 0.53-0.95), while E2
was not associated with CVD events." Shores et al.' studied 1032 men
from the Cardiovascular Health Study (CHS) with mean age 76 years
for 9 years, during when 436 incident CVD events occurred (incident
myocardial infarction, incident stroke, and mortality from CVD). Of
interest, this analysis from the CHS found no association of T, and
a U-shaped association of DHT with incident CVD events.'® Chan
et al.” studied 1804 men from the Busselton Health Survey (BHS)
with a mean age of 50.3 years followed up for 14.9 years during when
399 CVD events occurred (hospital admissions from coronary heart
disease, stroke, congestive heart failure, or peripheral arterial disease,
and death due to diseases of the circulatory system). There were no
associations of T, DHT, or E2 with incident CVD events.!”

Summary: sex steroids and CVD events

Overall, the study by Ohlsson et al.”* provides evidence of a linear
association between T and risk of CVD events in middle-aged and
older men, when composite outcomes are considered. However, other
studies support the concept that U-shaped associations are present for

Table 1: Cohort studies examining associations between sex hormones with cardiovascular events in middle-aged and older men

Study Size (n)  Follow-up ~ Age  Summary of results Additional comments
(vear) (vear)

Smith et al. 200518 2512 16.5 45-59 No association of T with IHD events or deaths Higher cortisol: T ratio was associated with
IHD events and IHD deaths in age, but not
with multivariable-adjusted analyses

Arnlov et al. 20062 2084 10 56  Higher total E2 at baseline was associated with lower Total T was not associated with CVD events

incidence of CVD events

Abbott et al. 20075 2197 <7 71-93 Baseline E2 in top quintile (>125 pmol I-!) was associated Total T was not associated with stroke

with higher risk of stroke

Vikan et al. 20091° 1568 <13 59.6 No association of T or E2 with incident MI, or with CVD or No comments

IHD mortality

Yeap et al. 200926 3443 3.5 >70 Total and free T in the lowest quartiles (<11.7 nmol I} No comments

and <222 pmol I}, respectively) predicted increased
incidence of stroke or TIA

Ohlsson et al. 2011 2416 5 69-81 Men with total T# in highest quartile (=19 mol I-!) had E2 was not associated with CVD events

lower risk of CVD events

Hyde et al. 20112° 3637 5.1 70-88 Higher LH was associated with incident IHD No comments

Haring et al. 2013'3 254 5,10 75.5 No associations of baseline total T or total E2 with No comments

incident CVD events
Soisson et al. 20134 495; 146 4 >65 Total T in lowest and highest quintiles associated with No comments
CHD or stroke

Shores et al. 20141%* 1032 9 76  DHT®<1.7 or >2.6 nmol I-! was associated with Total T° was not associated with

cardiovascular events cardiovascular events

Shores et al. 2014%7* 1032 10 76  Nonlinear association of DHT® with stroke with lowest risk Total T® was not associated with stroke

in men with DHT 1.7-2.6 nmol I-1. DHT <0.86 nmol I
was associated with CVD mortality

Yeap et al. 2014?" 3690 6.6 70-89 Higher total T¢ (>12.6 nmol I"!) or DHT (>1.34 nmol I"') ~ T¢, DHT, and E2 were not associated with MI

was associated with lower incidence of stroke

Srinath et al. 201522 1558 12.8 63.1 T9 was not associated with incidence of CHD events, or No comments

cardiac-related mortality

Holmegard et al. 201628 4602 20 57  Total T in lowest decile (O-10™ percentile) was associated No comments

with stroke

Chan et al. 2016'7* 1804 14.9 50.3 Total T¢, DHT, and E2 were not associated with CVD events No comments

Srinath et al. 2016%* 1558 14.1 63.1 T<was not associated with stroke No comments

3T and E2 were assayed using GC-MS. °T and DHT were assayed using LC-MS. T, DHT, and E2 were assayed by LC-MS. °T was assayed using LC-MS. "Studies where total T, DHT, and/
or E2 were measured using mass spectrometry. CHD: coronary heart disease; CVD: cardiovascular disease; DHT: dihydrotestosterone; E2: estradiol; IHD: ischemic heart disease; GC-MS: gas
chromatography-mass spectrometry; LH: luteinizing hormone; LC-MS: liquid chromatography-tandem mass spectrometry; MI: myocardial infarction; T: testosterone; TIA: transient ischemic attack
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both T and DHT"® when CVD events are considered as a composite
outcome of both coronary and cerebrovascular events. Therefore, the
overall interpretation of these studies would be that men with lower
circulating T are at the higher risk for CVD events, but having a T
concentration at the higher end of the range possibly might not be
beneficial. Additional studies would be needed to confirm whether the
optimal concentration of T, which best predicts CVD outcome, lies in
the middle of the range or higher. The evidence for E2 being associated
with CVD events is limited'? and inconsistent.”*'* It is possible that
associations of circulating androgens may be more prominent in older
men, rather than in younger or predominantly middle-aged men, which
would explain the lack of associations seen in the study by Chan et al.””

MYOCARDIAL INFARCTION

Cohort studies using immunoassays for T and E2

Several studies examined the associations of sex steroids measured
using immunoassay with the outcome of myocardial infarction,
coronary heart disease, or ischemic heart disease. Smith et al."®
studied 2512 men aged 45-59 years followed up for 16.5 years
during which time 320 fatal and nonfatal ischemic heart disease
events occurred. There was no association of T with ischemic
heart disease events.'® Vikan et al.'” studied 1318 men with a mean
age of 59.6 years followed up for 9.1 years, during which time
146 men had a first ever myocardial infarction. Neither T nor
E2 was associated with incident myocardial infarction.’” Of note,
Hyde et al.*® studied 3637 men aged 70-88 years from the Western
Australian Health In Men Study (HIMS), who were followed up for
5.1 years during which time 618 men experienced an ischemic heart
disease event (hospitalizations for angina, myocardial infarction
or related complications, other ischemic heart disease events
and revascularization, and deaths from ischemic heart disease
including myocardial infarction and atherosclerotic heart disease).
In that analysis, higher T was associated with fewer ischemic heart
disease events in univariate and age-adjusted analysis but not after
adjustment for conventional cardiovascular risk factors.” However,
in the fully-adjusted analysis, men with higher luteinizing hormone
(LH) concentrations had reduced event-free survival.?

Cohort studies using mass spectrometry for T, DHT, and E2

Two studies using mass spectrometry for assay of sex steroids are of
interest. An updated analysis was reported from HIMS in which plasma
T, DHT, and E2 at baseline were assayed using mass spectrometry in
3690 men aged 70-89 years with follow-up extended to 6.6 years.”!
During this time, incident myocardial infarction (hospital admission
or death due to myocardial infarction) occurred in 344 men. T, DHT,
and E2 were not associated with incident myocardial infarction.”
Srinath et al.”> analyzed plasma T assayed by mass spectrometry in
1558 men from the Atherosclerosis Risk in Communities (ARIC) study
with a mean age of 63.1 years followed up for 12.8 years during which
time 287 had a coronary heart disease event (myocardial infarction,
coronary death, or coronary revascularization). T was not associated
with incident CHD.? Neither of these studies support an association
of lower T with the incidence of myocardial infarction or ischemia,
and in HIMS, neutral associations were also observed for DHT and E2.

Summary: sex steroids and myocardial infarction

In aggregate, these studies fail to demonstrate a convincing
relationship between endogenous T concentrations and the incidence
of myocardial infarction. The finding that higher LH, which is
consistent with the presence of impaired testicular endocrine function
and a relative deficiency of T, predicts the incidence of ischemic heart
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disease events,” suggests that LH may provide an added insight for
sex steroid exposure and its prognostic implications beyond that
of circulating T. Given the association of lower T or DHT with the
incidence of CVD events,'*'¢ yet the lack of association or neutral
associations is seen for T or DHT with the incidence of myocardial
infarction or ischemia,'®* the question arises whether a distinction
can be made between CVD events in coronary compared with other
vascular territories.

STROKE

Cohort studies using immunoassays for T and E2

A logical method of analyzing specific CVD-related outcome events
is to consider stroke distinct from myocardial infarction, i.e., events
in the cerebrovascular territory separately from the coronary
circulation. Myocardial infarction (MI) typically arises due to unstable
atherosclerotic plaques and thrombosis in coronary arteries resulting
in ischemia, while the etiology of stroke encompasses both ischemic
and hemorrhagic events, and distal embolism as well as thrombosis,
involving extra- and intra-cranial arteries that may respond to
risk factors differently.*** Abbott et al.® analyzed 2197 men aged
71-93 years, followed up for up to 7 years during which time 124
men had a first stroke. Measured using immunoassay, T was not
associated with stroke risk but men who had higher E2 had a higher
risk of stroke.” In an analysis from HIMS using immunoassay for T
in 3443 men aged =70 years followed up for 3.5 years, a first stroke or
transient ischemic attack occurred in 119 men.*® Men with T in the
lowest quartile of values had a 2-fold increase in the risk of stroke or
transient ischemic attack after adjusting for age and other conventional
cardiovascular risk factors.? This study identified lower circulating T as
a novel biomarker or risk predictor of cerebrovascular events in men.

Cohort studies using mass spectrometry for T, DHT, and E2
Subsequent studies using mass spectrometry have provided additional
information. Shores et al.*’ analyzed 1032 men aged 76 years from
the CHS followed up for 10 years during which time 114 men had an
incident fatal or nonfatal ischemic stroke. In that analysis, T measured
using mass spectrometry was not associated with stroke, but there was
a nonlinear association of DHT with the risk of ischemic stroke with
the lowest risk seen in men with DHT in the range of 1.7-2.6 nmol 1.
An updated analysis from HIMS used mass spectrometry for assay of T,
DHT, and E2 in 3690 men aged 70-89 years followed up for an extended
period of 6.6 years during which time 300 men experienced an incident
stroke (hospitalization or death due to stroke).? After adjustment
for age and other risk factors, higher T was associated with lower
incidence of stroke with a fully adjusted HR 0f 0.56 (95% CI: 0.39-0.81)
for men with T in the highest versus lowest quartile.> A similar
association was seen with higher DHT and lower incidence of stroke
with a HR of 0.57 (95% CI: 0.40-0.81), but E2 was not associated with
stroke (Figure 1).2' This updated analysis from HIMS confirms the
earlier finding of lower T as a risk predictor for incident stroke and
supports the CHS analysis in identifying lower DHT as a risk predictor
for incident stroke.

Confirmatory studies

Two subsequent studies examining endogenous T and incident stroke
have been reported. Holmegard et al.*® analyzed 4602 men aged
57 years from the Copenhagen study, with 20 years of follow-up during
which there were 560 stroke events. In that study, T was measured by
immunoassay and men with T in the lowest 10% of values had a higher
incidence of ischemic stroke.?® E2 also measured using immunoassay
was not associated with ischemic stroke. This confirms the findings
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from HIMS both with respect to the association of lower T with
incident stroke** and the negative or neutral association of E2 with
this outcome.?! A further analysis by Srinath et al.* from the CHS did
not show any association of T measured using mass spectrometry
with the incidence of stroke, but there were only 79 outcome events
in that analysis.

Summary: sex steroids and stroke

Overall, these epidemiological studies identify lower circulating T as
an independent risk predictor for the incidence of stroke in men.?-?%
Lower DHT is also an independent predictor of incident stroke.*** The
initial study suggesting that higher E2 may be associated with incident
stroke® has not been confirmed with two subsequent larger analyses
showing no association.”"* While the utility of lower T and to an
extent lower DHT as a biomarker for stroke risk has been established,
additional studies are necessary to ascertain whether lower T or DHT
might contribute causally to stroke risk.
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Figure 1: Nelson—Aalen plots showing the cumulative incidence of nonfatal
or fatal stroke according to (a) quartiles of T, (b) calculated free T, (c)
DHT, and (d) E2 in 3690 community dwelling men aged 70-89 years.
T, DHT, and E2 were measured using liquid chromatography-mass
spectrometry. Figure reproduced with the permission of the publisher.?! DHT:
dihydrotestosterone; E2: estradiol; T: testosterone.

CARDIOVASCULAR DEATHS

Cohort studies using immunoassays for T, DHT, and E2
Prospective cohort studies in predominantly middle-aged and older
men, which have examined associations between sex hormones
and deaths related to CVD, are summarized in chronological order
in Table 2 (studies which reported overall or all-cause mortality
without analyzing CVD-related deaths have not been included). Five
of the studies summarized in Table 1 also reported CVD-related
deaths as a separate outcome.””'*?>?” Of studies using immunoassays
for sex steroids, neither Smith et al.*® nor Vikan et al.”® found any
association of T with ischemic heart disease mortality, nor was E2
associated."” By contrast, Khaw et al.** in a prospective case—control
analysis found that higher baseline T was associated with lower
risk of dying from CVD (Table 2). Contrastingly, Araujo et al.*!
reported an association of higher calculated free T with mortality
from ischemic heart disease. In that study, there was a borderline
association of lower DHT with increased mortality from IHD.?! Of
note, two prospective cohort studies, by Laughlin ef al.*> and Haring
et al.,”® found that lower T was associated with increased all-cause
and CVD-related mortality. Of two studies that reported associations
with calculated free T, Menke et al.** reported associations of lower
calculated free T with higher all-cause and CVD-related mortality,
and an association of lower E2 with higher CVD mortality. Hyde
et al.* found that lower calculated free T predicted all-cause and
CVD-related mortality. Therefore, overall, these analyses based
on immunoassay of T tend to support an association of lower T, or
lower calculated free T, with higher CVD mortality, while results
for E2 are limited and inconsistent.

Cohort studies using mass spectrometry for T, DHT, and E2
Prospective cohort studies analyzing the associations of sex steroids
assayed by mass spectrometry with the outcome of deaths from CVD
are summarized in Table 1 and 2.

Tivesten et al.*® analyzed 3014 men aged 75 years followed up for
4.5 years during which time 383 men died, of which 144 from CVD.
In that study, lower T and lower E2 were associated with all-cause
mortality but not with deaths from CVD.* The analysis from HIMS

Table 2: Cohort studies examining associations between sex hormones and cardiovascular disease-related mortality in middle-aged and older men

Study Size (n) Follow-up  Age  Summary of results Additional comments
(year) (vear)
Khaw et al. 20073° 825 and 1489 <10 40-79 Total T was inversely related to mortality from all causes, CVD and cancer No comments
Araujo et al. 20073! 1686 15.3  40-70 Lower free T was associated with lower IHD mortality Equivocal association of lower
DHT with IHD mortality
Laughlin et al. 20083 794 11.8  50-91 Total T in the lowest quartile (<8.4 nmol I-!) predicted increased No comments
mortality from all causes and from CVD and respiratory causes
Tivesten et al. 2009%¢" 3014 4.5 75 Total T@ and E2 levels in the lowest quartiles predicted all-cause and T and E2 were not associated
non-CVD mortality with CVD mortality
Menke et al. 20103 1114 18 >20 Lower free T was associated with overall and CVD mortality in the first Difference between 90" and
9 years of follow-up. Lower total E2 was associated with CVD mortality 10™ percentiles for free T
and total E2
Haring et al. 2010% 1954 7.2 20-79 Total T <8.7 nmol I-! was associated with increased all-cause, CVD, and  No comments
cancer mortality
Hyde et al. 2012% 3637 5.1 70-88 Lower free T (100 vs 280 pmol I7!) predicted all-cause and CVD mortality No comments
Yeap et al. 201437 3690 7.1 70-89 Optimal total T° (9.8-15.8 nmol I'!) predicted lower all-cause mortality. ~E2 was not associated with
Higher DHT (>1.3 nmol I-!) predicted lower IHD mortality mortality
Pye et al. 20143 2599 4.3 40-79 Presence of sexual symptoms, total T¢ <8 nmol I}, and free T <220 No association of T with

pmol I-* was associated with all-cause mortality

all-cause or CVD mortality

aT and E2 were measured using GC-MS. °T, DHT, and E2 were measured using LC-MS. °T was measured using GC-MS. "Studies where total T, DHT, and/or E2 were measured by mass
spectrometry; free T was calculated. CHD: coronary heart disease; CVD: cardiovascular disease; DHT: dihydrotestosterone; E2: estradiol; GC-MS: gas chromatography-mass spectrometry;
IHD: ischemic heart disease; LC-MS: liquid chromatography-tandem mass spectrometry; T: testosterone
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involved 3690 men aged 70-89 years followed up for 7.1 years
during which time there were 974 deaths, of which 325 were due to
ischemic heart disease.”” In that study with larger numbers of outcome
events, having T in the middle of the range (25%-75" percentiles:
9.8-15.8 nmol 1"!) predicted lower mortality, as did DHT in the
3" quartile (1.3-1.8 nmol 1"!).” Interestingly, having plasma DHT in
the 3 and 4™ quartiles (>1.3 nmol 1) predicted lower risk of death due
to ischemic heart disease.”” This association of DHT with CVD-related
mortality was confirmed by the analysis by Shores et al.”” from the CHS,
in which men with lower DHT had increased CVD-related mortality
while T was not associated.

By contrast, Pye et al.’® analyzed data from 2599 men aged
40-79 years followed up for 4.3 years, during which time there were
147 deaths, of which 56 were due to CVD. In that analysis, men with
sexual symptoms (decreased frequency of morning erections and
sexual thoughts, and erectile dysfunction) and lower T had higher
all-cause mortality, but no association was seen for T in the absence
of symptoms with either all-cause or CVD mortality.*® This finding
raises the prospect that the combination of symptoms with a low T
concentration carries prognostic weight beyond that of low circulating
T on its own. Srinath et al. in their analysis from ARIC did not find
any association between T and CVD-related mortality. Of note, these
analyses had limited numbers of outcome events with 56 and 29 deaths
due to CVD, respectively.”*** The analysis by Chan et al.'” showed
neutral associations of T, DHT, and E2 with CVD mortality with 141
deaths from CVD.

Summary: sex steroids and cardiovascular mortality

While not all studies were uniformly positive, several studies have
reported the associations of lower T or calculated free T with an
increased risk of CVD-related deaths.’*** A large prospective cohort
study using mass spectrometry for assay of sex steroids with large
numbers of outcome events identified lower DHT as a risk predictor
for deaths due to ischemic heart disease,” a finding supported by an
independent analysis from a different study.”” This association may
be more robust in larger studies of older men, compared to studies
including younger or middle-aged men. The possible interpretations
for these findings are that lower T or DHT might predispose to more
severe CVD events leading to death, or that DHT might be a resilience
factor with men having lower DHT being more vulnerable to dying
when an ischemic heart disease event occurs.

DIFFERENTIAL ASSOCIATIONS OF T, DHT, AND E2 WITH
CVD-RELATED OUTCOMES

Androgens not estrogen associated with CVD-related outcomes
These studies illuminate a clear distinction between androgens and
estrogen in relation to risk of CVD in men. While lower T and DHT
have both been shown to predict CVD events''® and incidence of
stroke,”***® there are no consistent associations of E2 with these
outcomes. Thus, for further studies of sex hormones and risk of CVD,
attention should be focused on androgens rather than on estrogens.

Distinct associations of T versus DHT with specific CVD-related
outcomes

In studies where both T and DHT have been measured using mass
spectrometry, similar as well as differential associations are seen.
For example, both lower T and lower DHT were associated with the
incidence of stroke in the HIMS analysis.* This would be consistent
with the correlation between circulating T and DHT in men,’ and their
binding to the single androgen receptor.” However, in the analysis from
CHS, a U-shaped association was noted with both lower and higher
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DHT concentrations associated with CVD events and with stroke.'®*
Furthermore, in HIMS, higher DHT rather than T was associated
with lower mortality from ischemic heart disease.”” The differential
association of DHT compared to T with a common outcome has also
been reported in other settings. For example, community dwelling
men with higher T were less likely to have carotid plaque, but in men
with angiographically proven coronary artery disease, higher DHT
was associated with lower risk of carotid plaque.*’ Intriguingly, higher
DHT rather than T has been associated with longer leukocyte telomere
length, a marker for slower biological aging, in community dwelling
men.* DHT can be regarded as a paracrine factor as it is synthesized
within androgen-sensitive organs such as the prostate, leading to higher
intraprostatic concentrations compared to circulating concentrations.*
Nevertheless, DHT is a more potent ligand for the androgen receptor
compared to T,* and being present in the circulation may possess a
classical endocrine role.”” Further research is needed to determine
whether exposure to DHT might lead to differential effects within the
vasculature compared to T.

CONCLUSIONS

In large prospective cohort studies of predominantly middle-aged
and older men, lower circulating T predicts higher incidence of
cardiovascular events. Both lower circulating T and lower DHT are
associated with higher incidence of stroke. Lower circulating T has
been shown to predict higher CVD-related mortality, as has lower
circulating DHT. Thus, epidemiological studies support the utility of
lower circulating androgens as a risk predictor for CVD. However,
causality cannot be assumed and needs to be proven. The difficulty
is that none of the randomized controlled trials of T carried out to
date have been sufficiently powered to have cardiovascular events
as a prespecified end point. In the BHS, observed 5-year risks were
11% for CVD events, 3% for stroke events, and 3% for myocardial
infarction events in men aged 50-69 years. Consequently, a study
of about 6000 men per group treated for 5 years would be needed
to detect differences in the rates of myocardial infarction or stroke
(Knuiman M, personal communication). Such large randomized
controlled trials have yet to be attempted for T therapy. Smaller trials
have reported on the occurrence of cardiovascular adverse events
in T versus placebo recipients. One randomized controlled trial of
T in older men with limited mobility was stopped due to an excess
of cardiovascular adverse events,* but no such signal was seen in
another trial in older intermediate-frail or frail men nor in the larger
US T Trials.*** Meta-analyses of randomized controlled trials of T
in general do not show an excess of cardiovascular adverse events,
except possibly in men aged 265 years in the first year.”” Therefore,
additional carefully designed mechanistic studies performed in vivo
will be important and informative. Ultimately, a large randomized
controlled trial would be needed to determine whether T, directly or
via its conversion to DHT, would reduce the risk of cardiovascular
events such as stroke in middle-aged or older men.
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