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Testosterone and the heart
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Abstract
Testosterone has generated a lot of interest and controversies lately. There are epidemiological studies
showing the correlation of low testosterone level with poor health in men. Low testosterone predicts
an increase in all-cause mortality. Testosterone replacement therapy (TRT) has been shown to improve
mortality in men with testosterone deficiency. Normalization of testosterone levels has been shown to be
beneficial to the heart. Besides the direct effect on the heart, TRT has also been shown to have a positive
effect on the metabolic parameters (metabolic syndrome) that indirectly affect the heart. L Heart Metab.
2015;66:19-23
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estosterone levels in men have been shown
to decrease gradually with age. This decline
is about 2% per year, but in healthier men,
the decline is attenuated. The exact prevalence of
testosterone deficiency is controversial. In a study
involving more than 10 000 men, 80% were found
to have symptoms of testosterone deficiency.1 In
another study done in the primary care setting, where
a total of 2162 men >45 years old were sampled,
the prevalence of testosterone levels of less than
300 ng/dL (8.4 nmol/L) was 38.7%.2 In the US, less
than 10% of men with low testosterone received
testosterone replacement therapy (TRT). A total of
50% of older men with type 2 diabetes mellitus have
testosterone deficiency. As a consequence, in the
US where the prevalence of type 2 diabetes mellitus
is expected to increase over the next 20 years, the
health impact of testosterone deficiency syndrome
will cost the US economy up to 500 billion US
dollars.3

The rise in the usage of TRT has generated a lot of
interests and controversies. Many studies have been
done and the role of testosterone and its effect on the
cardiovascular system is a hot issue at the moment.
This review aims to address some of these issues.
Testosterone level and its association with the heart
There are some epidemiological studies that have
shown the correlation between testosterone and
cardiovascular disease. In over 40 epidemiological studies conducted so far, no one has found any
association between high testosterone levels and
cardiovascular disease. In contrast, many found an
association between low testosterone levels and cardiovascular disease. These include studies on carotid
artery atheroma and peripheral arterial disease.
Seventeen prospective cohort or nested casecontrolled studies have also examined the relationship between testosterone levels and cardiovascular
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Abbreviations
BMI: body mass index; HDL: high-density lipoprotein;
SHBG: sex hormone–binding globulin; TRT: testosterone replacement therapy
morbidity and mortality. In ten of these studies, there
was no correlation between baseline testosterone
levels and subsequent development of fatal or nonfatal coronary heart disease, cerebrovascular disease, or heart failure after adjustment for confounders, during observation periods of 5 to 31 years.
Weak correlations of high androgen levels with cardiovascular mortality were observed in two studies.
Conversely, two studies reported significant correlations between low baseline testosterone levels and
cardiovascular deaths, and two others between low
baseline testosterone and progression of carotid
artery intima-media thickness, or between low testosterone and an increased incidence of stroke or
transient ischemic events. However, two other prospective studies were unable to confirm the correlations with intima-media thickness progression, and
with an increased risk of stroke. Lastly, the Caerphilly study found a positive association of the cortisol/testosterone ratio with chronic heart disease
incidence and mortality.4-7
Recent evidence has proven that men with lower
levels of testosterone are more prone to developing
coronary artery disease.8 This was shown after only
taking into account bioavailable testosterone levels,
as compared with older studies that did not do this.
Bioavailable testosterone includes both free testosterone and testosterone bound loosely to albumin.
Testosterone, which is bound to sex hormone–
binding globulin (SHBG), is biologically inactive.
There is also evidence that the lower the levels of
testosterone, the more severe the degree of coronary artery disease.9 This could be due to its effect
on the carotid intima-media thickness. Various studies have shown the inverse relationship between
endogenous testosterone levels and intima-media
thickness of the carotid arteries, abdominal aorta,
and thoracic aorta.10 This suggests that those with
low testosterone levels are more prone to developing atherosclerosis.
Besides coronary artery disease, testosterone levels have also been studied in congestive heart failure.
Studies have shown that men with congestive heart
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failure have signiﬁcantly reduced total and free testosterone levels. As the severity of congestive heart
failure worsens, the levels of both total testosterone
and estimated free testosterone lower correspondingly. In fact, it was shown that reduced levels of total
and estimated free testosterone were both predictors
of increased mortality in men with congestive heart
failure.11
Metabolic syndrome, which is comprised of insulin resistance, hypertension, dyslipidemia, and visceral obesity, is associated with an increased risk of
cardiovascular disease (relative risk, 2.35).12 Testosterone levels are also known to affect metabolic syndrome. Low testosterone levels have been shown to
correlate with worsening type 2 diabetes and obesity.
In fact, not only are the total testosterone levels lower
in diabetics, the free testosterone and the testosterone bound to SHBG are also lower. This means that
total testosterone in diabetics is not entirely caused
by the reduction in levels.13
At the moment, the evidence for testosterone
levels and dyslipidemia is poor. Most of the studies
done were cross-sectional studies based on small
sample size.14,15 Therefore, the results are inconclusive. However, the relationship between testosterone
levels and obesity is quite established. It has been
shown that the odds ratio for having hypogonadism
was signiﬁcantly higher in obese men, and there was
a statistically signiﬁcant negative correlation between
total testosterone level and body mass index (BMI).2
In terms of mortality, studies have consistently shown
that lower levels of endogenous bioavailable testosterone are associated with higher rates of all-cause
and cardiovascular mortality.5,16
Testosterone replacement therapy: a new approach
for the heart
TRT may be beneficial to the heart. There are a few
ways that testosterone, through its effect on other parameters (components of metabolic syndrome), may
improve cardiovascular health.
Testosterone replacement therapy in obesity
As discussed earlier, low testosterone levels are associated with obesity. This could be because adipose
tissue is rich with the aromatase enzyme, which converts testosterone to estrogen. Studies have shown
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that TRT decreases fat mass and BMI.13 Testosterone
is believed to cause a reduction in abdominal adiposity by inducing lipolysis. Besides that, testosterone
also activates the enzyme 11-hydroxysteroid dehydrogenase in adipose tissue, which transforms glucocorticoids into their inactive form.17
Long-term testosterone therapy for up to 6 years
has been shown to result in significant and sustained
improvements in weight. In a study by Haider et al,
TRT caused a decrease of waist circumference by
11.56 cm and weight decline by 17.49 kg (15.04%).18
What is more interesting to note is that the reduction
in waist circumference with testosterone undecanoate in more than 500 hypogonadal men appears to
be superior when compared with data published for
other drugs, in combination with lifestyle and behavioral interventions.19

controlled trials showed that triglyceride values improved in those given TRT, but no specific difference
was found in cholesterol levels between the TRT and
control groups.24

Testosterone replacement therapy in diabetes
mellitus and glycemic control

It is widely known that lifestyle modifications, along
with diet, exercise, and weight loss, are able to reduce insulin resistance, and therefore, prevent the
progression to overt diabetes. However, the addition of TRT to lifestyle interventions has been
shown to improve the glycemic control better and,
in fact, is able to reverse the metabolic syndrome
in 52 weeks.20 The combination of TRT and lifestyle
modiﬁcations is also able to increase insulin sensitivity, reduce fatty liver, and improve muscle mass,
compared with placebo and lifestyle modiﬁcations
alone.13,25

There is also strong evidence that TRT in diabetic
men improves the homeostatic model of insulin resistance, hemoglobin A1c, and fasting plasma glucose.20
How it does this is still controversial, although it is
believed to be mediated partly by its effect on visceral
fat. Besides that, testosterone is also believed to be
involved in promoting glucose utilization by stimulating glucose uptake, glycolysis, and mitochondrial oxidative phosphorylation. Testosterone also increases
Glut4 in cultured skeletal muscle cells. Glut4, in turn,
facilitates glucose transportation into the cell.21
The effects of TRT on diabetic men with hypogonadism go beyond glycemic control. In a study by
Muraleedharan et al,22 mortality was increased in
the low testosterone group (17.2%) compared with
the normal testosterone group (9%; P=0.003). TRT
(mean duration 41.6±20.7 months; n=64) was associated with an 8.4% reduced mortality compared with
19.2% (P=0.002) in the untreated group (n=174).
Testosterone replacement therapy and
hyperlipidemia
TRT has beneficial effects on lipids as well. In a 5-year
study on the effects of TRT, an improvement in lipid
profile (total/high-density lipoprotein (HDL) cholesterol
ratio, -2.9±1.5; P<0.0001) was shown.23 However, a
meta-analysis and systemic review on randomized

Testosterone replacement therapy and hypertension
The positive effect of TRT on blood pressure has
also been documented. A study by Francomano et
al showed an improvement in both systolic and diastolic blood pressure (-23±10 and -16±8 mm Hg;
P<0.0001) over 5 years.23 However, a meta-analysis
of randomized controlled trials did not show any significant difference in the blood pressure between TRT
and the control.24
Testosterone replacement therapy and lifestyle

Testosterone replacement therapy and myocardium
Besides its effects on metabolic syndrome, TRT has
a direct effect on the heart as well. It has been found
to improve myocardial ischemia in men with coronary artery disease. In fact, TRT has been shown to
increase time to angina in stress tests.26 Both acute
and chronic testosterone therapy improved myocardial ischemia independent of the method of administration. It is hypothesized that testosterone promotes
coronary vasodilation by its action on the calcium
and potassium channels on the surface of vascular
smooth muscle cells.
TRT has also been demonstrated to shorten the
corrected QT (QTc) interval by augmenting the activity
of slowly activating delayed rectiﬁer potassium channels, while simultaneously slowing the activity of Ltype calcium channels.27 This stabilizes the heart.
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Testosterone replacement therapy and mortality
TRT was associated with decreased risk of death
(hazard ratio [HR], 0.61; 95% confidence interval
[95% CI], 0.42-0.88; P=0.008). In fact, TRT is able
to reduce mortality by 50% in men with low testosterone (testosterone <300 ng/dL) as compared with
those not receiving TRT.28 The key is to achieve optimal testosterone levels with TRT and not to go overboard with supra-normal testosterone levels. Yeap
et al have also shown that the greatest benefits are
seen with testosterone levels in the third quartile.29
They concluded that optimal androgen levels are a
biomarker for survival because older men with midrange levels of testosterone and dihydrotestosterone
had the lowest death rates from any cause.
Conclusion
Testosterone levels have been shown to be associated positively with metabolic syndrome and cardiovascular diseases (Figure 1). TRT, on the other hand,
has also shown positive outcomes in terms of metabolic parameters and cardiovascular outcomes, but
the long-term effects are not known. So far, all the
studies published were small and short-term. The
two controversial papers, which raised the alarm on
TRT, showed that more needs to be done to allay our
fears on TRT.30,31
Despite the obvious benefits of TRT on the heart,
caution needs to be heeded, especially in men with
severe heart problems and those above 75 years
of age. In frail elderly men, it is not advisable to use
high-dose TRT. The administration of TRT requires

Fig. 1 An illustration of how testosterone deficiency may affect the
heart directly, or indirectly through the metabolic syndrome.
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close monitoring. Lifestyle changes are also needed
to complement the benefit of TRT. When men are appropriately diagnosed, treated, and monitored, TRT
is relatively safe and beneficial. Indeed, the ongoing
Testosterone Trial in Older Men (NCT00799617) will
provide important guidance to older men who meet
current recommendations for TRT. L
REFERENCES
1.	Trinick TR, Feneley MR, Welford H, Carruthers M. International
web survey shows high prevalence of symptomatic testosterone deficiency in men. Aging Male. 2011;14:10-15.
2.	Mulligan T, Frick MF, Zuraw QC, Stemhagen A, McWhirter C.
Prevalence of hypogonadism in males aged at least 45 years:
the HIM study. Int J Clin Pract. 2006;60(7):762-769.
3.	Moskovic DJ, Araujo AB, Lipshultz LI, Khera M. The 20-year
public health impact and direct cost of testosterone deficiency
in U.S. men. J Sex Med. 2013;10(2):562-569.
4.	Vikan T, Johnsen SH, Schirmer H, Njølstad I, Svartberg J.
Endogenous testosterone and the prospective association
with carotid atherosclerosis in men: the Tromsø study. Eur J
Epidemiol. 2009;24(6):289-295.
5.	Laughlin GA, Barrett-Connor E, Bergstrom J. Low serum testosterone and mortality in older men. J Clin Endocrinol Metab.
2008;93:68-75.
6.	Yeap BB, Hyde Z, Almeida OP, et al. Lower testosterone levels
predict incident stroke and transient ischemic attack in older
men. Clin Endocrinol Metab. 2009;94(7):2353-2359.
7.	Smith GD, Ben-Shlomo Y, Beswick A, Yarnell J, Lightman S,
Elwood P. Cortisol, testosterone and coronary heart disease:
prospective evidence from the Caerphilly study. Circulation.
2005;112:332-340.
8.	Akishita M, Hashimoto M, Ohike Y, et al. Low testosterone level
as a predictor of cardiovascular events in Japanese men with
coronary risk factors. Atherosclerosis. 2010;210:232-236.
9.	Li L, Guo CY, Jia EZ, et al. Testosterone is negatively associated with the severity of coronary atherosclerosis in men. Asian
J Androl. 2012;14:875-878.
10.	Fu L, Gao QP, Shen JX. Relationship between testosterone
and indexes indicating endothelial function in male coronary
heart disease patients. Asian J Androl. 2008;10:214-218.
11.	
Anker SD, Banasiak W, Poole-Wilson PA, Ponikowski
P. Anabolic deﬁciency in men with chronic heart failure:
prevalence and detrimental impact on survival. Circulation.
2006;114:1829-1837.
12.	Mottillo S, Filion KB, Genest J, et al. The metabolic syndrome
and cardiovascular risk a systematic review and meta-analysis.
J Am Coll Cardiol. 2010;56(14):1113-1132.
13.	Corona G, Monami M, Rastrelli G, et al. Type 2 diabetes mellitus and testosterone: a meta-analysis study. Int J Androl.
2010;34:528-540.
14.	Agledahl I, Skjaerpe PA, Hansen JB, Svartberg J. Low serum
testosterone in men is inversely associated with non-fasting
serum triglycerides: the Tromso Study. Nutr Metab Cardiovasc
Dis. 2008;18:256-262.
15.	
Vaidya D, Dobs A, Gapstur SM, et al. The association of
endogenous sex hormones with lipoprotein subfraction proﬁle
in the multi-ethnic study of atherosclerosis. Metabolism.
2008;57:782-790.
16.	
Araujo AB, Dixon JM, Suarez EA, Murad MH, Guey LT,
Wittert GA. Endogenous testosterone and mortality in men: a
systemic review and meta-analysis. J Clin Endocrinol Metab.
2011;96:3007-3019.
17.	Oskui PM, French WJ, Herring MJ, Mayeda GS, Burstein S,

Heart Metab. (2015) 66:19-23

Kloner RA. Testosterone and the cardiovascular system: a
comprehensive review of the clinical literature. J Am Heart
Assoc. 2013;2(6):e000272.
18.	Haider A, Yassin A, Doros G, Saad F. Effects of long term testosterone therapy on patients with “diabesity”: results of observational studies of pooled analyses in obese hypogonadal men
with type 2 diabetes. Int J Endocrinol. 2014;2014:683515.
19.	Saad F, Haider A, Doros G, Traish A. Long-term treatment of
hypogonadal men with testosterone produces substantial and
sustained weight loss. Obesity. 2013;21(10):1975-1981.
20.	Heufelder AE, Saad F, Bunck MC, Gooren L. Fifty-two-week
treatment with diet and exercise plus transdermal testosterone
reverses the metabolic syndrome and improves glycemic
control in men with newly diagnosed type 2 diabetes and
subnormal plasma testosterone. J Androl. 2009;30:726-733.
21.	
Grossmann M. Testosterone and glucose metabolism in
men: current concepts and controversies. J Endocrinol.
2014;220(3):R37-R55.
22.	Muraleedharan V, Marsh H, Kapoor D, Channer KS, Jones
TH. Testosterone deficiency is associated with increased
risk of mortality and testosterone replacement improves
survival in men with type 2 diabetes. Eur J Endocrinol.
2013;169(6):725-733.
23.	Francomano D, Lenzi A, Aversa A. Effects of five year treatment
with testosterone undecanoate on metabolic and hormonal
parameters in ageing men with metabolic syndrome. Int J
Endocrinol. 2014;2014:527470.
24.	
Cai X, Tian Y, Wu T, Cao CX, Li H, Wang KJ. Metabolic
effects of testosterone replacement therapy on hypogonadal
men with type 2 diabetes mellitus: a systematic review and
meta-analysis of randomized controlled trials. Asian J Androl.

Ho and Tan
Testosterone and the heart

2014;16(1):146-152.
25.	Hoyos CM, Yee BJ, Phillips CL, Machan EA, Grunstein RR,
Liu PY. Body compositional and cardiometabolic effects of
testosterone therapy in obese men with severe obstructive
sleep apnoea: a randomised placebo-controlled trial. Eur J
Endocrinol. 2012;167:531-541.
26.	English KM, Steeds RP, Jones TH, Diver MJ, Channer KS.
Low-dose transdermal testosterone therapy improves angina
threshold in men with chronic stable angina: a randomized, double-blind, placebo-controlled study. Circulation.
2000;102:1906-1911.
27.	Charbit B, Christin-Maitre S, Demolis JL, Soustre E, Young
J, Funck-Brentano C. Effects of testosterone on ventricular repolarization in hypogonadic men. Am J Cardiol.
2009;103:887-890.
28.	
Shores MM, Smith NL, Forsberg CW, Anawalt BD,
Matsumoto AM. Testosterone treatment and mortality in
men with low testosterone levels. J Clin Endocrinol Metab.
2012;97(6):2050-2058.
29.	Yeap BB, Alfonso H, Chubb SA, et al. In older men an optimal
plasma testosterone is associated with reduced all-cause mortality and higher dihydrotestosterone with reduced ischemic
heart disease mortality, while estradiol levels do not predict
mortality. J Clin Endocrinol Metab. 2014;99(1):E9-E18.
30.	
Vigen R, O’Donnell CI, Barón AE, et al. Association of
testosterone therapy with mortality, myocardial infarction,
and stroke in men with low testosterone levels. JAMA.
2013;310:1829-1836.
31.	Finkle WD, Greenland S, Ridgeway GK, et al. Increasing risk of
non-fatal myocardial infarction following testosterone therapy
prescription in men. PLoS ONE. 2014;9(1):e85805.

23

