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Review

Climacteric

Testosterone and the heart: friend or foe?

S. R. Davisa,b 
aWomen’s Health Research Program, School of Public Health and Preventive Medicine, Monash University, Melbourne, VIC, Australia; 
bDepartment of Endocrinology and Diabetes, Alfred Health, Melbourne, VIC, Australia

ABSTRACT
Cardiovascular disease (CVD) is the leading cause of death in women aged 65 years and older. Sex 
hormones have been implicated as having a critical role in the evolution of CVD, with the focus 
mainly on estrogens in women. Available data also indicate that low testosterone blood levels may 
be detrimental to cardiovascular function in women. At blood concentrations considered normal 
for premenopausal women, testosterone has favorable effects on blood vessel function (relaxation 
and contraction), much of which is determined by the endothelial cells that line the inside of blood 
vessels. Testosterone enhances endothelium-dependent and independent brachial artery vasodilation 
and has an acute systolic blood pressure-lowering effect in postmenopausal women. Advantageous 
effects of testosterone in animal models have been seen for myocardial function and cardiac 
electrical signaling. Human data are mainly limited to observational and mechanistic studies, which 
mostly demonstrate beneficial effects of testosterone on cardiovascular health. Few studies of 
testosterone use in women, with cardiovascular endpoints as primary outcomes, have been 
published.

Introduction

With the steady increase in the life expectancy of older 
women, longevity is accompanied by more years lived with 
disease and disability. Globally, cardiovascular disease (CVD), 
including ischemic heart disease, heart failure and stroke, is 
the leading cause of death in women aged 65 years and 
older [1]. Risk factors for CVD, common to both sexes, include 
hypertension, hyperlipidemia, diabetes, obesity, smoking and 
family history. While CVD is more prevalent in men before 
the age of 50 years, the age-related incidence of CVD 
increases more steeply in women after age 50 years, with an 
acceleration in risk, particularly of coronary artery disease 
(CAD), around the age of menopause [2]. Sex hormones have 
been implicated as having a critical role in the development 
and evolution of age-associated disease, with the focus in 
women mainly on estrogens. However, in women, testoster-
one, the main female androgen, is an essential precursor for 
estrogen production and exerts important physiological 
effects in its own right. The role of endogenous testosterone 
in the pathogenesis of ischemic and non-ischemic CVD and 
cardiovascular death remains uncertain, although available 
data suggest that testosterone may exert protective cardio-
vascular effects. This article reviews the available evidence for 
the associations between testosterone and cardiovascu-
lar health.

Overview of androgen physiology and changes 
with age

Traditionally androgens are defined as 19-carbon (C19) steroid 
hormones associated with maleness and the induction of 
male secondary sexual characteristics, specifically testoster-
one and its more potent metabolite dihydrotestosterone 
(DHT). Blood levels of DHT are low or undetectable in post-
menopausal women [3], as in the cells in which it acts, DHT 
is broken down into metabolites that are then released into 
the circulation (Figure 1) [4].

The pro-hormones that are the precursors of testosterone 
production, dehydroepiandrosterone (DHEA) and androstene-
dione, are made by both the adrenals and the ovaries [4]. 
DHEA sulfate (DHEAS) is also made by the adrenals and acts 
as a reservoir for peripheral DHEA availability [4]. In terms of 
tissue exposure to androgens, the pro-hormones of adrenal 
and ovarian origin can be converted in extra-gonadal target 
tissues such as the brain, bone and adipose either by aroma-
tization to estrone or by 5α-reduction to testosterone, with 
the latter being converted to either estradiol or DHT in the 
same cells (Figure 1) [5]. Thus, tissue sensitivity to androgens 
will vary according to the amount and activity of the enzymes 
5α-reductase and aromatase, which may vary considerably 
between individuals and between tissues, and tissue 
androgen receptor sensitivity. Thus, even with highly sensi-
tive assays for the measurement of testosterone and DHT 
such as liquid or gas chromatography with tandem mass 
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spectrometry (LCMS/GCMS), blood concentrations only pro-
vide an indication of androgen availability, but not an abso-
lute measure of tissue exposure or tissue sensitivity and 
responsiveness. This is a major limitation of observational 
data pertaining to the role of androgens in the cardiovascu-
lar system.

Approximately two-thirds of blood testosterone is bound 
to sex hormone binding globulin (SHBG), almost one-third is 
weakly bound to albumin and minor amounts are weakly 
bound to other plasma proteins or circulate unbound in 
plasma [6,7]. Evidence that the biologically active fraction of 
testosterone is the 2–3% not bound to plasma proteins is 
lacking. It has been suggested that unbound testosterone is 
the most readily degradable fraction, and therefore the least 
metabolically active component of blood testosterone [8]. In 
addition, the measurement of unbound testosterone is com-
plicated by the poor precision and low specificity of most 
methods, and the formulae commonly used to estimate the 
unbound fraction lack validity and provide inconsistent 

results [7]. An international panel concluded that total tes-
tosterone, hereafter referred to as testosterone, remains the 
best estimate of testosterone exposure in women [9].

Using LCMS, testosterone and androstenedione concentra-
tions have been shown to vary across the menstrual cycle, 
peaking midcycle, whereas DHEA concentrations do not 
change meaningfully during the menstrual cycle [10]. Serum 
concentrations of all C19 steroids decline between 25% and 
35% with age during the reproductive years [10], do not 
appear to acutely change at menopause [11,12], but reach a 
nadir during the early sixth decade [11,13]. After this age, tes-
tosterone blood levels tend to increase in women. 
Consequently, testosterone concentrations in women age 
70 years and older have been found to be similar to the con-
centrations seen in premenopausal women (Figure 2) [3,13,14]. 
The apparent increase in testosterone beyond the age of 
70 years does not appear to be simply a survivor effect as we 
have shown that this increase occurred in paired samples of 
serum from individuals taken 3 years apart [15].

Figure 1. T estosterone biosynthesis. AKR1C3, aldo-keto reductase 1, member C3; DHEA, dehydroepiandrosterone; DHEAS, DHEA sulfate; DHT, dihydrotestosterone; 
HSDB32, β-hydroxysteroid dehydrogenase; SULT2A1, sulfotransferase 2A.

Figure 2. T estosterone (T) declines 25% premenopause [10] but increases 11% between age 70 and 85+ years [3]. *p ≤ 0.05, **p ≤ 0.01, adjusted for age and 
body mass index; premenopause also adjusted for menstrual cycle phase. Modified from Skiba et  al. 2019 [10] and Davis et  al. 2019 [3].
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Mechanistic studies of cardiovascular effects of 
testosterone

Vascular endothelial dysfunction plays a role in the patho-
genesis of hypertension and atherosclerosis [16]. Estrogen 
insufficiency has been shown to result in loss of vascular 
endothelial function in premenopausal [17] and postmeno-
pausal [18] women. Estrogen therapy increases endothelial 
nitric oxide production via genomic and non-genomic mech-
anisms [19], and this restores endothelial function and 
vascular reactivity in postmenopausal women [20]. This effect 
declines with age and years since menopause [21]. 
Endogenous testosterone was positively associated with vas-
cular endothelial function in postmenopausal women with a 
mean age of 56.9 years and on average 9.4 years postmeno-
pause [22]. Similar findings have been reported for endoge-
nous testosterone in surgically menopausal women who were 
up to 10 years postmenopausal [23]. Exogenous parenteral 
testosterone significantly increased endothelial-dependent 
and independent vasodilation in postmenopausal women, 
mean age 52 years, stabilized on estrogen therapy [24]. In a 
mechanistic study, testosterone increased the production of 
nitric oxide in rat aortic endothelial and smooth muscle cells 
[25]. These effects were blocked by finasteride, an androgen 
receptor antagonist, but not by inhibition of the aromatase 
enzyme, which converts testosterone to estradiol [25]. This 
indicates an androgen receptor-mediated effect of testoster-
one on endothelial nitric oxide production or release. 
Testosterone also appears to have an endothelium-independent 
vasodilatory effect, possibly via direct non-genomic actions 
[24,26,27]. When administered to postmenopausal women, 
testosterone causes acute vasodilation, evidenced by one 
study showing a mean drop in systolic blood pressure of 
10 mmHg in the first 5 min post dose across a range of doses 
[28]. This rapid effect supports a non-genomic effect of tes-
tosterone on vascular function.

The effects of testosterone on myocardial ischemia have 
been studied in mouse and rat models. Cardiac myocytes 
have aromatase and can make estradiol from testosterone 
and androstenedione [29]. The expression of estrogen recep-
tor (ER)-α differs between males and females whereas ER-β 
does not exhibit sexual dimorphism [29]. In a mouse model, 
androstenedione and testosterone are not only precursors for 
estradiol biosynthesis, but also stimulate nitric oxide synthe-
tase production, and hence nitric oxide levels, in cardiac 
myocytes [29].

Aromatase knockout (ArKO) mice cannot make any estro-
gens, and like other rodents do not make DHEA [30]. Because 
they cannot convert testosterone to estradiol, ArKO mice 
have higher testosterone concentrations than wild-type mice. 
Hence, ArKO mice serve as a model for studying the effects 
of sex steroids in various systems. The effects of ischemia 
and reperfusion of the myocardium have been studied in 
ArKO versus wild-type mice. Despite being completely estro-
gen deplete, during cardiac reperfusion after an episode of 
ischemia, the ArKO mice hearts exhibited greater systolic 
performance, less diastolic dysfunction and less LDH release, 
suggesting less cardiac muscle damage [31]. A study of 
oophorectomized rats complement these findings. In this 

second study, oophorectomized rats with no hormone 
replacement, and rats treated with estrogen alone or estro-
gen plus testosterone, were compared with sham operated 
mice [32]. After induction of acute myocardial ischemia, the 
animals were sacrificed and their hearts immediately reper-
fused. Whereas low-dose estradiol did not restore left ven-
tricular end diastolic pressure, testosterone alone and 
testosterone with estradiol did [32]. The dose of testosterone 
used increased the serum testosterone to 1.29 ± 0.06 ng/ml, 
which was slightly lower than that of the sham treated ani-
mals (1.69 ± 0.09 ng/ml) [32]. Together these studies suggest 
testosterone may afford myocardial protection against isch-
emia. In addition, testosterone has been shown to favorably 
influence cardiac muscle action potential and calcium 
homeostasis [33,34]. Specifically, testosterone enhances car-
diac myocyte contractility through regulation of calcium 
channels [35].

Testosterone and CVD risk markers in women

Studies of the associations between testosterone and blood 
lipids have provided inconsistent findings. Endogenous tes-
tosterone concentrations were not independent predictors of 
lipid levels and made little contribution to total cholesterol or 
low-density lipoprotein (LDL)-cholesterol in a multinational 
study of postmenopausal women aged 40–70 years [36]. 
Conversely, a German study reported a positive association 
between testosterone and total cholesterol, LDL-cholesterol 
and high-density lipoprotein (HDL)-cholesterol [37]. 
Consistently, however, low SHBG concentrations have been 
independently associated with a more adverse lipid profile 
with higher concentrations of triglycerides and lower concen-
trations of HDL-cholesterol [36,38,39]. Low SHBG, but not 
high serum testosterone, has been associated with greater 
visceral fat [40]. Low SHBG is an independent marker of insu-
lin resistance [41], and has been associated with an increased 
risk of type 2 diabetes [37,42,43]. Conversely, testosterone 
measured by LCMS was not associated with an increased risk 
of diabetes in a large Dutch study [43].

Observational studies of testosterone and ischemic 
heart disease

Older observational studies of testosterone and ischemic car-
diovascular events and mortality are limited by the use of 
immunoassays that lack precision for the measurement of 
testosterone in women, recruitment of convenience 
clinic-based samples, case–control design and long intervals 
between the time of blood draw and cardiovascular events 
[44–48]. In most studies that have used immunoassays to 
measure testosterone concentrations, low endogenous tes-
tosterone was associated with an increased risk of ischemic 
cardiac events [45,46,49], or a greater risk of ischemic stroke 
(greater carotid artery intima-media thickness and atheroscle-
rosis) [50–52]. In the Miami Heart Study, testosterone was not 
associated with any coronary artery plaque or high-risk 
plaque [53]. Conversely, high endogenous testosterone was 
found to be associated with a greater risk of CVD and death 
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in two studies [44,48]. In both studies, testosterone was mea-
sured many years before events were recorded. In a study of 
all-cause and cause-specific mortality in perimenopausal and 
postmenopausal women aged 45–82 years, Schederecker 
et  al. found no significant associations between testosterone 
measured by LCMS and cardiovascular death or all 
cause-mortality [54]. Meun et  al. reported for a sample of 
women with a mean age of 70 years that having a blood tes-
tosterone concentration measured by LCMS in the highest 
quartile, compared with the middle two quartiles, was not 
associated with a greater likelihood of CVD [55]. Whether a 
testosterone concentration in the lowest quartile was associ-
ated with CVD risk was not reported [55].

The findings for testosterone, measured by LCMS, in 
women aged 70–94 years at recruitment were reported for 
the Sex Hormone and Older Women Study [56]. To be eligi-
ble for this study, women were required not to have previ-
ously experienced a major adverse cardiovascular event, 
which included fatal coronary heart disease (excluding heart 
failure), non-fatal myocardial infarction and fatal or non-fatal 
ischemic stroke [56]. Women were excluded from the analysis 
if they were known to be using any medication that might 
influence their sex hormone blood levels. Over a 4.5-year 
follow-up of 5535 women, 144 women experienced a major 
adverse cardiovascular event and there were 200 deaths [56]. 
After adjusting for age, body mass index, smoking, alcohol 
consumption, diabetes, hypertension, dyslipidemia, impaired 
renal function and aspirin use, a blood testosterone concen-
tration in the highest two quartiles was associated with an 
approximately 40% lower likelihood of a major adverse car-
diovascular event, with the benefit emerging about 3 years 
from the baseline blood draw [56]. As in the study by 
Schederecker et  al. [54], no association was seen for testos-
terone and all-cause mortality [56]. Taken together, the over-
all data suggest low testosterone is associated with a greater 
likelihood of ischemic CVD in older women.

Testosterone and heart failure

Heart failure has become a major public health problem, as 
it is now the most common cause of hospitalization for peo-
ple aged >65 years [57]. Heart failure comprises the structural 
or functional impairment of ventricular filling or ejection of 
blood, with the former known as heart failure with preserved 
ejection fraction (HFpEF) and the latter as heart failure with 
reduced ejection fraction [57]. HFpEF occurs when the left 
ventricle does not fully fill with blood between contractions. 
Hence, the fraction of blood pumped out with each contrac-
tion (ejection fraction) is preserved, but the total volume 
available to be pumped out is less than the body needs. 
HFpEF now accounts for more than 50% of heart failure 
cases, is three times more common in women and is increas-
ing in incidence [58,59]. Factors believed to contribute to this 
risk disparity include sex differences in myocardial structure 
and metabolism, and vascular function [60]. Common risk 
factors for HFpEF, including obesity, hypertension, diabetes 
mellitus, sleep disorders, chronic obstructive pulmonary dis-
ease, atrial fibrillation and age [61], confer a greater risk of 

HFpEF in women [60]. Iron deficiency, also a HFpEF risk fac-
tor, is more common in women, while pregnancy and 
pre-eclampsia are risk factors unique to women [60]. 
Age-related changes in physical function and muscle loss fur-
ther increase the risk of HFpEF in women, and low cardiore-
spiratory fitness in midlife independently predicts future 
heart failure, as described in the following [59].

The main symptom of HFpEF is exercise intolerance, which 
can be quantified by the peak amount of oxygen used during 
intense/maximal exercise effort (VO2max) [62]. Skeletal muscle 
mass and function are critical determinants of VO2max, such 
that a decline in muscle function reduces VO2max [62]. An esti-
mated 9% of women aged over 65 years have reduced mus-
cle mass and function, which contributes to the pathogenesis 
and progression of HFpEF [62]. Consistent with this, women 
with HFpEF have reduced skeletal muscle mass, with fat infil-
tration and impaired muscle oxidative capacity, and conse-
quently lowered cardiorespiratory fitness (low VO2max) [63]. 
Other symptoms of HFpEF include dyspnea and fatigue 
which impair quality of life [57].

Recently, treatment with the SGLT2 inhibitor dapagliflozin 
has been shown to improve symptomatic HFpEF [64]. 
Symptomatic HFpEF is preceded by asymptomatic pre-heart 
failure (stages A and B) such that intervention to prevent 
progression should ideally commence early in the disease. 
Supervised exercise training, which improves VO2max, has 
shown promise in preventing progression to symptomatic 
HFpEF [65]. But such programs are expensive and not always 
feasible.

Compared with the immediately preceding years, HFpEF 
increases four-fold in women aged 55–64 years, when blood 
testosterone concentrations are at the adult female nadir 
[11,58]. In a large community-based study, low DHEAS was 
associated with a statistically significant increased likelihood 
of HFpEF across all ages, while a statistically significant asso-
ciation between low testosterone and an increased risk of 
HFpEF was limited to women aged younger than 65 years 
[66]. These findings are limited by the measurement of tes-
tosterone by immunoassay [66]. Potentially, testosterone ther-
apy might improve HFpEF progression via salutatory effects 
on peripheral vascular resistance, myocardial function and 
skeletal muscle performance. This merits consideration.

Data from clinical trials

Few clinical trials have examined the effects of testosterone 
on CVD risk markers or cardiovascular events as primary out-
comes. Most of the available data come from randomized 
controlled trials (RCTs) of testosterone for the treatment of 
hypoactive sexual desire dysfunction, or other conditions. 
Our systematic review and meta-analysis of published clinical 
trials with treatment of testosterone and comparator for a 
duration of at least 3 months revealed that oral testosterone 
therapy lowers total cholesterol, HDL-cholesterol and tri-
glycerides, whereas non-oral testosterone therapy has no 
effect on lipid and lipoproteins [67]. Meta-analysis showed no 
influence of transdermal testosterone therapy on blood pres-
sure, glucose, insulin or C-reactive protein [67]. Analysis of 
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data from seven published RCTs of the transdermal testoster-
one patch [68–74], and two unpublished testosterone patch 
RCTs, showed no increase in myocardial infarction, stroke or 
venous thromboembolic events with testosterone compared 
with placebo [67]. In a 6-month pilot double-blind RCT of 
women, mean age 69 years, with heart failure with reduced 
ejection fraction, testosterone therapy improved VO2max, per-
formance on the 6-min walk test and insulin sensitivity [75]. 
No studies in women with HFpEF have been reported. 
However, we are presently recruiting women with asymptom-
atic HFpEF to determine the effects of testosterone versus 
placebo on VO2max and myocardial structure and function. In 
doses that approximate physiological concentrations for pre-
menopausal women, testosterone has not been associated 
with serious adverse events [67].

Conclusions

The world has an aging population, with an over-representation 
of older women. CVD is not only a cause of personal disabil-
ity but incurs enormous health-care costs. Understanding the 
factors that keep women healthy as they age is vital, consid-
ering the average life expectancy of a girl born in 2030 is 
likely to be greater than 90 years [76]. Sex hormones influ-
ence cardiovascular health, but compared with estrogens, 
testosterone has been overlooked as a hormone with favor-
able cardiovascular effects in women. The restoration of tes-
tosterone concentrations in older women to levels seen in 
younger women provokes thought as to why this occurs 
[3,11,13,14]. While available data from observational and 
mechanistic studies suggest this physiological change may 
afford cardiovascular protection, RCTs examining the cardio-
vascular effects of testosterone in women are scant. The find-
ings from this review indicates that robust RCTs to determine 
the effects of testosterone in women with heart failure, both 
heart failure with reduced ejection fraction and HFpEF, and at 
increased atherogenic CVD risk are warranted.
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