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Abstract:- 

 

 Introduction 

Hypogonadism is a common condition in the general 

population, affecting males and females. Data on the 

effects of testosterone replacement therapy on stroke 

(cerebrovascular accident) and cardiovascular illnesses 

show conflicting results. The condition can be well 

managed but the controversy surrounding the use of TRT 

may cause delay or unwillingness in seeking treatment. 

The purpose of this narrative review is to ascertain how 

testosterone replacement medication affects the 

prevalence of stroke and cardiovascular disease as well as 

the risk factors causing these diseases. 

 

 Measurements: 

Studies included in this project met the following 

criteria; males above 18 years, only original peer-

reviewed research articles, online publications between 

2000 and 2023, text in English. While non-human studies, 

not full text and abstract only studies were excluded. 

 

 Findings:  

Research on the effects of testosterone replacement 

therapy on cardiovascular diseases and stroke has 

produced conflicting results, and the majority of the 

available data comes from retrospective studies. While 

many studies found no effect or reduced risk of stroke and 

cardiovascular diseases following the use of testosterone 

replacement therapy, a few other studies linked factors 

such as the route of administration (intramuscular) and 

period of exposure (within 2 years of treatment) to an 

increased risk of developing cardiovascular events such as 

myocardial infarction, heart failure, hypertension, 

coronary artery diseases and stroke. 

 
Keywords:- Testosterone Replacement Therapy, Coronary 

Artery Disease, Stroke, HRT And Cardiovascular Diseases, 

Hypogonadism, Testosterone. 

 

I. INTRODUCTION 

 

Testosterone is an anabolic hormone which promotes 

bone density, builds muscle mass, and helps in the formation 

of sexual characteristics in the uterus, vagina, penis, and 

testes both at birth and during puberty. Additionally, it 

maintains these secondary sexual characteristics (Ahmed et 
al, 2020). About two-third of plasma testosterone is in the 

active form, attached to albumin, and just a small portion is 

in the free state. Approximately two thirds of testosterone 

circulates in the body as the inactive form, bound to sex 

hormone binding globulin (Belchetz et al, 2010). Symptoms 
of low testosterone include reduced libido, erectile 

dysfunction, osteoporosis, fatigue, and diminished vitality 

(Lu et al, 2019). About 25% of men are thought to be 

testosterone deficient, and many of these individuals are at an 

increased risk of developing cardiovascular diseases (Michael 

et al, 2019). There is a high incidence of hypogonadism each 

year in the United States and it is more common in men 

between the ages of 40 and 69 (Araujo et al, 2004). 

Morgentaler et al, 2015, reports that while normal plasma 

levels of testosterone are generally needed to maintain good 

health, its deficiency is associated with an increased risk of 
cardiovascular illnesses. People diagnosed with 

hypogonadism (low testosterone) are managed with 

testosterone replacement therapy. Testosterone activates 

calcium and potassium channels in the cardiovascular system. 

Many androgen receptors are thought to be present in cardiac 

cells, and these receptors, when activated, control the 

metabolism of calcium and produce ventricular contractility 

(Goodale et al, 2017). 

 

II. LOW TESTOSTERONE AND THE 

CARDIOVASCULAR SYSTEM 

 
An analysis of the prevalence and prognostic 

implications of testosterone deficit in males with chronic 

heart failure was conducted by Jankowska et al. (2006). 

Comparative studies were conducted between men with 

chronic heart failure, a low ejection fraction, New York Heart 

Association classes I, II, III, and IV and their healthy 

counterparts. They found that testosterone insufficiency, 

which is often prevalent in this population, was a poor 

predictive factor in patients with chronic heart failure. 

Keating et al. (2006) also discovered a correlation between an 

increased incidence of cardiovascular disorders such 
myocardial infarction and coronary artery disease and males 

with androgen deficit who underwent androgen ablation for 

prostate cancer. A higher risk of cardiovascular events, such 

as acute myocardial infarction and heart failure, was also 

noted by Martin-Merino et al. (2011) among males who had 

undergone androgen deprivation therapy. The association 

between endogenous testosterone levels and all-cause 

mortality in senior males was investigated by Laughlin et al. 

(2018). Men with low serum testosterone levels, aged 50-91, 

were included in the trial, and their mortality was monitored 

subsequently. It was shown that a lower testosterone level 
was associated with a higher risk of cardiovascular death. 

Khaw et al. (2007) conducted a larger comparable study to 

look at the relationship between endogenous testosterone 
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levels and mortality from cancer, cardiovascular disease, and 

all causes combined. The study involved 11,606 males, ages 

40 to 79, participated in the study. Following correction for 

age, BMI, systolic blood pressure, and other demographic 

factors, the study found a negative correlation between 

baseline testosterone concentrations and cardiovascular 

disease death. Arnlov et al. (2006) examined the relationship 

between men's testosterone levels and their risk of 
cardiovascular disease. A baseline testosterone level was 

measured in 2084 middle-aged men without a history of 

cardiovascular disease and followed up on for ten years. The 

development of a cardiovascular incident was not 

substantially correlated with serum testosterone levels. The 

testosterone levels of males with and without coronary artery 

disease were compared by English et al. (2000). Ninety 

people made up the small sample size for the study. Men with 

coronary heart disease were reported to have had decreased 

testosterone levels. Men with heart failure were shown to 

have lower testosterone concentrations than people in good 
condition. Similarly, a cohort study conducted by Azoulay et 

al. (2011) included 22,310 males aged 40 and above who 

experienced their first transient ischemic attack or stroke after 

being on androgen deprivation therapy. Upon a 4-year 

follow-up, it was found that their risk of transient ischemic 

attack and stroke was higher than that of the control group. 

The findings suggested that a higher risk of stroke is linked to 

hypogonadism. 

 

According to Kienitz and Quinkler (2008), although 

vasodilatation did occur during the early phase of testosterone 

exposure, prolonged testosterone use eventually causes 
vasoconstriction, atherosclerosis, and activation of the renin-

angiotensin-aldosterone system, which may control blood 

pressure. In their study on testosterone, cardiomyopathies, 

and heart failure, Diaconu et al. (2021) found that while the 

effects of testosterone on the cardiovascular system are 

poorly understood, reported actions have been dependent on 

variables like underlying disease or physiological states. They 

also found that patients with heart failure and dilated 

cardiomyopathy have been observed to have reduced 

testosterone levels, suggesting that testosterone may have 

both beneficial and harmful effects on the cardiovascular 
system. Determining whether testosterone replacement 

therapy reduces the incidence of stroke and cardiovascular 

events or whether it is associated with cardiovascular events 

directly is therefore crucial. 

 

III. LITERATURE REVIEW 

 

A. Testosterone Replacement Therapy and CVD: 

In a cohort study published in 2013, Vigen et al. 

examined the relationship between testosterone therapy and 

myocardial infarction and stroke in men who had underlying 

coronary artery disease and low testosterone levels. The 
underlying coronary artery disease was taken into account. 

The risk of myocardial infarction and stroke increased 

steadily over the course of each year of follow-up, with the 

testosterone treatment group showing a larger increase in risk 

than the non-treatment group. The team discovered a 

correlation between testosterone and both stroke and 

myocardial infarction. Earlier, a randomised controlled trial 

had been suspended. In that study, Basaria et al. (2010) 

evaluated the side effects linked to testosterone injection in 

their study. Twenty-nine males 65 years of age and older with 

low testosterone levels and limited mobility participated in 

the trial. For a period of six months, either testosterone gel or 

a placebo gel was applied to them at random. The testosterone 

group (23 men) experienced a higher rate of adverse 

cardiovascular events than the placebo group (5 men), which 
led to the early termination of this trial. The relative risk of 

experiencing cardiovascular events remained stable during 

the course of the 6-month treatment period. One drawback for 

general population use was the trial's limited size. According 

to Sarah et al. (2019), the use of exogenous testosterone is 

linked to worsened cardiovascular outcomes. A 53-year-old 

bodybuilder who experienced exertional dyspnea and a pan 

systolic murmur for three months was the subject of the study. 

Following an evaluation, an echocardiography showed a 15% 

left ventricular ejection fraction. It was said that he 

acknowledged using intramuscular testosterone. While the 
steroid was being stopped, he received treatment for heart 

failure. His testosterone level went back to normal, and his 

ejection fraction improved to 54%. They came to the 

conclusion that in young, healthy athletes, the use of 

testosterone (anabolic steroids) is an uncommon but treatable 

cause of cardiomyopathy. A related finding was also 

mentioned by Garner et al. (2018). A sixty-year-old 

Caucasian male bodybuilder was discovered to be abusing his 

medicine. He had a history of hypogonadism, was receiving 

testosterone replacement therapy, and was on treatment. He 

had no prior history of heart problems, and a year prior, his 

testosterone level was normal. Echocardiography throughout 
the study showed an ejection fraction of 25% to 30%, and 

cardiac catheterization confirmed cardiomyopathy. It was 

observed that his testosterone level (2872 ng/dL) was above 

average. The course of treatment was stopped. His ejection 

fraction had increased to 50% to 55% and his testosterone 

level had dropped significantly to 346 ng/dL at the 6-month 

follow-up. It has been discovered that testosterone abusers 

take five to thirty-nine times the authorised dosage. A cohort 

study by Finkle et al (2014) analysed the risk of acute non-

fatal myocardial infarction following an initial total 

testosterone prescription in a large healthcare data-base. The 
incidence rate of myocardial infarction among young men 

and the elderly within a year of treatment was compared to 

that of the event within 90 days of treatment. Refilling the 

prescription for testosterone resulted in a two-fold increase in 

myocardial infarction risk for both older and younger men, 

whereas older men who did not refill their prescription saw a 

drop in risk within 91 to 180 days. Younger people with a 

history of heart disease were shown to be at increased risk. 

They found that men with pre-existing heart disease, 

regardless of age, had a higher risk of myocardial infarction. 

This was supported in another study. Etminan et al.'s (2015) 

extensive case-control study, which discovered a higher risk 
of myocardial infarction linked to first-time exposure—that 

is, the first testosterone prescription within 90 days—

supported this. However, selection error was found to be a 

study limitation. In their 2018 study, Rosenberg et al. 

recruited 1019 healthy senior men in an effort to investigate 

the possible relationship between low testosterone and an 

increased risk of atrial fibrillation. It was found that atrial 
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fibrillation developed in one-third of these guys. Researchers 

found an inverse relationship between atrial fibrillation and 

testosterone, with lower testosterone levels being linked to a 

higher risk of atrial fibrillation. Men with low testosterone 

levels were found to have a higher chance of developing atrial 

fibrillation than men with high testosterone levels, even after 

adjusting for demographics, clinical risk factors, and left 

atrial diameter. They discovered a link between low 
testosterone and an elevated elderly risk of atrial fibrillation. 

A factor that has been considered as contributory to the 

outcome of testosterone replacement therapy on 

cardiovascular events is the formulation or route of 

administration. When Layton et al. (2015) examined 544,115 

men beginning testosterone therapy; they found that those 

receiving transdermal testosterone gel were less likely to 

experience cardiovascular events than those receiving 

intramuscular injections. The relationship between 

endogenous testosterone and cardiovascular outcomes was 

examined by Magnani et al. (2014). They sought to look at 
the relationship between testosterone and the 10-year risk of 

atrial fibrillation. In this study, which included 1251 senior 

males, a sizable portion of the subjects experienced atrial 

fibrillation. According to the study, older men's testosterone 

levels were linked to an increased incidence of atrial 

fibrillation. By calculating the proportion of brachial artery 

flow-mediated dilatation, Matthews et al. (2019) investigated 

the connection between exogenous testosterone and vascular 

endothelia function (as well as cardiovascular illnesses). Men 

and women who had reached menopause and did not have any 

clinical cardiovascular problems were included in the study. 

They underwent measurement and correction of their 
testosterone levels for demographics, cardiovascular risk 

factors, and hormone therapy. They discovered a correlation 

in men without age differences between elevated serum levels 

of testosterone and a modest proportion of brachial artery 

flow-mediated dilatation (worse illness). This suggests that in 

elderly men, testosterone is associated with worse 

cardiovascular illnesses. Weightlifters have also tested 

positive for testosterone, a substance that is abused in sports. 

 

In their cohort study, Sharma et al. (2017) examined the 

relationship between the risk of atrial fibrillation and total 
testosterone after treatment. Three groups were formed from 

the males whose total testosterone level was low. When 

testosterone was administered to one group, the serum level 

normalised; when testosterone was administered to another 

group, the serum level did not normalise; and the last group 

did not receive testosterone treatment. They reported a 

substantial reduction in the frequency of atrial fibrillation 

following testosterone replacement therapy, with total 

testosterone levels returning to normal. A similar beneficial 

impact was observed by Qingtao et al in 2019. They evaluated 

the relationship between hypertension and bioavailable, free, 

and total testosterone. In the study, 253 men between the ages 
of 40 and 79 took part. With or without adjustment for 

confounders including smoking, age, and physical activity, 

the data showed an inverse connection between total 

testosterone, free testosterone, and bioavailable testosterone 

and systolic blood pressure, diastolic blood pressure, and 

hypertension. Similarly, testosterone has been shown by 

Huisman et al. (2006) to help reduce the incidence of plaque 

formation in men. While there was a notable rise in high 

density lipoprotein (HDL), elevated testosterone was also 

linked to decreased triglycerides. However, they also 

discovered a connection between hypertension and increased 

testosterone levels in both males and females when compared 

to their normotensive counterparts. This rise in systolic blood 

pressure has been associated with elevated renin activity 

when elevated testosterone levels are present. Etminan et al. 
(2015) provided additional evidence for this finding in a 

sizable case-control study, whereby it was discovered that the 

first testosterone prescription within a 90-day period was 

linked to a higher risk of myocardial infarction. Selection 

mistake was noted as a study limitation (this was not 

dependent on low serum testosterone levels). An earlier study 

by Baillargeon et al. (2014) indicated that testosterone 

treatment did not raise the incidence of myocardial infarction, 

comparing 19,065 control individuals with 6,355 Medicare 

seniors aged 66 years who had received at least one 

testosterone injection. Rather, it was advantageous for males 
who were more likely to suffer a myocardial infarction. 

Similarly, Wallis et al. (2016) found that testosterone 

treatment was linked to a slightly lower incidence of major 

cardiovascular events (MI, CVA/stroke, and DVT) than 

control individuals, but the risk of these cardiovascular events 

increased in men with short-term exposure to testosterone. 

The study examined the impact of cumulative exposure to 

testosterone therapy in 10,311 men compared to 28,029 

matched control individuals. In order to ascertain the 

relationship between endogenous testosterone levels and 

cardiovascular disorders such atherosclerosis, myocardial 

infarction, and ischemic heart disease, Ruige et al. (2011) 
conducted a meta-analysis of cohort and nested case-control 

studies. It was discovered that there was only a tenuous link 

between high testosterone levels and cardiovascular disease 

risk. Men under 70 years old did not show any correlation 

between their testosterone levels and cardiovascular diseases, 

whereas men over 70 years old showed some protection 

against cardiovascular diseases. Similarly, a 2013 study by 

Haring et al. suggested that the correlations observed between 

blood testosterone and cardiometabolic risk variables may be 

residual confounding rather than causative. Results from Wu 

et al. (2008) appear to corroborate this. They stated that data 
from the European Male Ageing project indicated that, even 

after controlling for confounding variables such BMI, 

smoking status, alcohol use, and co-morbidities, there was no 

longer any discernible correlation between age and serum 

testosterone levels. 

 

Cheetham et al. (2017) carried out an analysis on the 

association between cardiovascular outcomes and 

testosterone replacement therapy prescribed by doctors for 

men with androgen insufficiency and administered topically, 

orally, or by injection. In the retrospective cohort study 8,808 

men 40 years of age and older who had ever taken 
testosterone were included in the cohort trial, along with 

35,527 men who had never received testosterone but had all 

suffered myocardial infarctions in the past. It was reported 

that these males had a lower chance of cardiovascular 

problems. When the outcome was limited to combination 

cardiac events (unstable angina, acute myocardial infarction) 

and combined stroke events (stroke and transient ischemic 
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attack), similar findings were observed. Similarly, Oni et al. 

(2017) found in another study that same year that therapeutic 

serum testosterone concentration with testosterone 

replacement therapy conferred a lower risk of myocardial 

infarction compared to non-therapeutic treatment testosterone 

levels. The study examined the serum testosterone levels of 

over 12,000 veterans. In 1,482 males between the ages of 25 

and 84, low testosterone levels were still inversely correlated 
with carotid artery intima-thickness even when age and 

conventional cardiovascular risk factors were taken into 

account. There was no correlation between the evolution of 

carotid intima-media thickness and blood testosterone 

concentrations at the 7-year follow-up. Toma  et al, (2012) 

discovered that testosterone replacement therapy could 

improve exercise capacity, muscle strength significantly 

without causing any significant change in ejection fraction, 

systolic blood pressure or diastolic blood pressure. The 

progression of intima-media thickness of the common carotid 

artery was found to be inversely related to serum free 
testosterone in a smaller study that prospectively followed up 

on 196 elderly men for four years. This relationship was even 

stronger in the older men who also had low grade 

inflammation (Thiago and Shedzad, 2019). Testosterone has 

been demonstrated to enhance myocardial perfusion in 

addition to the favourable changes in ECG parameters. An 

MRI revealed a slight increase in myocardial perfusion in the 

area fed by unblocked coronary arteries in a randomised 

control trial including 22 men with coronary heart disease 

who received oral testosterone undecanoate for 8 weeks. The 

findings of Dockery et al. (2009) about the observed coronary 

vaso-relaxant impact of testosterone corroborate earlier 
studies that androgen deprivation therapy enhanced the 

stiffness of major arteries in individuals with prostate cancer. 

The application of these findings in the general population is 

limited because some of the trials had small participant 

numbers and others used testosterone administration methods 

like intracoronary infusion, which are not typically used in 

clinical practise. Despite the above findings suggesting that 

testosterone might have a beneficial coronary vascular effect 

(Shehzad and Thiago, 2019). Another factor that has been 

considered as contributory to the outcome of testosterone 

replacement therapy on cardiovascular events is the 
formulation or route of administration. When Layton et al. 

(2015) examined 544,115 men beginning testosterone 

therapy; they found that those receiving transdermal 

testosterone gel were less likely to experience cardiovascular 

events than those receiving intramuscular injections. 

 

In a limited experiment, transdermal testosterone 

patches containing 5 mg were provided to 46 men with stable 

angina. The 12-week trial revealed improvements in the ECG 

during physical activity. Another study that examined the 

effects of exercise on ECG alterations in individuals with 

chronic stable angina and congestive heart failure, 
respectively, corroborated this. Testosterone replacement 

medication was found to have a favourable effect in both 

situations, protecting men from exercise-induced ischaemia, 

although these trials had small sample size (Malkin et al, 

2006). In 2009, they conducted a follow-up study to examine 

the impact of testosterone on carotid intima-media thickness 

and exercise-induced ischemia. There were fifteen males with 

angina and hypogonadism who participated in the 12-month 

study. Two men were reported to have left the research early, 

while seven men received testosterone treatment and six 

received a placebo. In comparison to the placebo group, 

testosterone was found to lengthen the duration to ischemia 

and reduce the thickness of the carotid intima-media. The 

results were considered to be proof positive that testosterone 

therapy is safe. In a different study, Zoe et al. (2012) looked 
for a correlation between low testosterone and death from all 

causes. 3637 men between the ages of 70 and 88 took part in 

the study. They underwent a 5-year follow-up period during 

which their testosterone level was assessed. Out of 605 

deaths, 207 were attributable to heart-related conditions. 

They found that whereas optimising testosterone may 

enhance cardiovascular outcome, low testosterone was linked 

to mortality from cardiovascular-related causes. The impact 

of long-acting testosterone therapy on exercise capacity and 

other functions in elderly people with chronic heart failure 

was studied by Caminiti et al. (2009). The subjects had 
decreased ejection fraction and persistent chronic heart 

failure. After the test, an echocardiography was performed on 

them. The left ventricular function of both the treatment and 

placebo groups did not significantly change. The findings 

indicated that even in the presence of underlying heart 

disease, long-acting testosterone therapy enhanced exercise 

capacity and other essential functions. This was corroborated 

once more by Scott et al. (2019), who found that individuals 

receiving testosterone therapy experienced improvements in 

their ejection fraction. It has also been suggested that 

testosterone may help heart failure patients live better and 

also have better cardiac function. Pugh et al, (2003) sought to 
determine the short term effects of testosterone therapy. 12 

men who had moderate-to-severe left ventricular failure were 

prescribed 60mg of testosterone for 2 days. An improvement 

was noted in their cardiac output which was attributed to the 

testosterone’s ability to reduce peripheral resistance. When 

76 men with low ejection fractions were compared to those 

who did not receive testosterone treatment, it was found that 

the men's improved ejection fraction may have contributed to 

their increased functional capacity after a 12-month course of 

5 mg testosterone patches. Additionally, a greater number of 

males in the therapy group showed improvement in at least 
one NYHA functional class, compared to approximately 25% 

of men in the non-treatment group (Malkin et al, 2006). While 

there was a widespread belief that having a male partner 

increases the risk of coronary artery disease, with men 

thought to be twice as likely to develop coronary heart disease 

as women, Nettleship et al. (2009) found that the risk of 

coronary atherosclerosis and other cardiovascular risk factors 

increases with age, particularly in areas where testosterone 

levels are known to be low. Additionally, there was a negative 

correlation found between atherosclerotic variables and 

testosterone. These results imply that atherosclerosis is linked 

to low testosterone levels rather than male sex. There have 
been reports of improved myocardial ischemia and improved 

treatment of atherosclerosis with testosterone therapy. A case 

control study comprising 934,283 men between the ages of 

45 and 80 was conducted to look for a correlation between 

myocardial infarction and testosterone replacement treatment 

use—either for the first time, in the past, or currently. The 

study revealed no correlation between present or prior users 
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and no difference between various formulations in people 

who had a history of coronary artery disease, but it did find 

an increased risk in first-time users. Seven experiments from 

different universities comprised the set of testosterone trials 

that looked into the impact of testosterone replacement 

therapy on illnesses such as coronary artery disease, 

cognition, and other conditions. In the trial's cardiovascular-

related studies, 138 men underwent CT angiography 
monitoring to measure the volume of non-calcified and 

calcified coronary artery plaque and their coronary artery 

calcium scores (Cruqui et al, 2014). After a year of 

testosterone replacement medication, there was no difference 

in the number of adverse cardiovascular events or an increase 

in calcified plaque between the two groups. Non-calcified 

plaque volume, however, does not indicate a higher risk of 

unfavourable cardiovascular events. Instead, these kinds of 

occurrences can be predicted by coronary artery calcium 

scores. The coronary calcium score did not show a difference 

between the two groups in the trials. A second research 
(TEAAM trial) with 308 men looked at common carotid 

artery thickness and coronary calcium scores. The trial found 

no variations in arterial thickness between the experimental 

and control groups. A significant trial by Lincoff et al. (2023) 

involved 5246 males between the ages of 45 and 80 who had 

pre-existing cardiovascular risk factors or diseases and were 

symptomatic or clinically diagnosed with hypogonadism. The 

trial was double-blind, placebo-controlled, and randomised. 

Randomly chosen participants were given either a placebo gel 

or transdermal 1.6% testosterone gel. The individuals were 

followed up with for 33 months after the study concluded, 

which lasted 21 months. It was discovered that testosterone 
therapy treatment did not significantly worsen the incidence 

of cardiovascular events when compared to placebo. The 

relationship between low plasma testosterone and high 

mortality in males with cardiovascular disease (ischemic 

artery disease) was also investigated by Soisson et al. (2013). 

Men over 65 who had baseline measurements of their total 

and bio-available testosterone made up the cohort. The study 

found that while a normal amount of testosterone is cardio-

protective, high and low plasma testosterone levels were 

associated with an elevated risk of ischemic artery disease. 

However, a related study conducted by Ohlsson et al. (2011) 
looked at 2,416 males ages 69 to 81 to find a connection 

between low plasma testosterone and cardiovascular events. 

They underwent a 5-year follow-up after having their baseline 

testosterone tested. It has been suggested that testosterone and 

cardiovascular health are inversely related. It was discovered 

that men with higher testosterone levels were less likely to 

have cardiovascular illnesses. Shores et al. (2012) examined 

the relationship between hypogonadal men's testosterone 

levels and mortality. In the study, cohorts of 1,031 males 40 

years of age and older with testosterone levels below normal 

were enrolled. After adjusting for age and underlying medical 

conditions, those who received testosterone treatment were 
compared to men who did not receive it. Without a 

discernible impact on coronary heart disease, it was found 

that the mortality rate in males who were not treated was 

double that of the treated group. Shores et al. (2014) 

conducted a study that examined the relationship between 

testosterone and ischemic stroke, which is a leading cause of 

morbidity and mortality in older men. A cohort of 1032 males 

aged 66 to 97, who had no prior history of heart disease and 

were monitored for ten years. There was no correlation found 

between elevated risk of stroke and either free or total 

testosterone. 

 

B. Testosterone Replacement Therapy and Stroke 

Studies examining the relationship between testosterone 

replacement therapy and stroke risk are few and far between. 
Observational research and randomised controlled trials have 

not yet conclusively demonstrated a link between testosterone 

therapy and stroke. Neither the testosterone group nor the 

control group saw a high frequency of stroke occurrences, 

according to a randomised control experiment. Because so 

few studies have been done in this area, the inquiry concluded 

that there was no evidence to support the risk of stroke in men, 

but it could not rule out a relationship between the two 

(Thiago and Basaria, 2019). Yeap et al. (2009) looked at the 

association between cardiovascular events and low 

testosterone levels. The study involved the recruitment of 
3443 senior males. They found that older men with low 

testosterone had a higher risk of stroke and transient ischemic 

episodes, with the risk increasing with decreasing 

testosterone levels. Despite having underlying type II 

diabetes mellitus, Morgunov et al. (2011) found that 

testosterone therapy had a beneficial effect on patients who 

had ischemic strokes. Body mass index, glycated 

haemoglobin (HbA1c), cholesterol, triglycerides, and low-

density lipoproteins all showed improvements, however the 

control group's incidence of stroke doubled compared to the 

treatment group.  Loo et al. (2019) also assessed the risk of 

myocardial infarction, acute seizures, and ischemic stroke 
associated with testosterone replacement therapy in older 

men with low testosterone levels. A group of men, aged 45 

and above, who did not exhibit any symptoms of 

hypogonadotrophic or testicular disease and had low 

testosterone levels were created. 850 individuals reported 

having a myocardial infarction, transient ischemic attack, or 

ischemic stroke during follow-up, out of the 5,401 males who 

took part in the trial. A greater risk of cardiovascular events 

has been associated with current testosterone replacement 

medication use compared with non-use. The greatest danger 

was discovered to occur within the first six months to two 
years of continuous use of testosterone replacement therapy. 

There was no negative impact or worsening of pre-existing 

myocardial infarction or stroke in patients who had received 

treatment when compared to non-treated patients, according 

to a different study by Tan et al. (2015) that looked at the 

relationship between testosterone therapy and new 

myocardial infarction and stroke events in patients who had 

hypogonadism, myocardial infarction, or stroke. They 

suggested that younger males without risk factors can safely 

use testosterone. Bias has been discovered in a few studies 

that examined the negative consequences of testosterone 

replacement medication. Among these biases are 
comparisons between individuals who received varying 

testosterone dosages and formulations; analysis of trials 

deemed to be of low or medium quality; and an inadequate 

assessment of the cardiovascular events (Thiago and Basaria, 

2019). The goal of Srinath et al. (2016) was to ascertain 

whether ischemic strokes and low endogenous testosterone 

were related. 1558 middle-aged males who were overweight 
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but had no prior history of cardiovascular disease, stroke, or 

testosterone treatment usage. After controlling for 

atherosclerotic risk variables, the study revealed no 

correlation between lower testosterone levels and stroke or 

ischemic brain damage. However, lower testosterone levels 

were linked to hypertension and high density lipoprotein. 

 

Chan et al. (2016) also investigated the relationship 
between low testosterone and death from cardiovascular 

disease in older males. 1804 men, the majority of whom were 

under 60, participated in the study. Men with lower baseline 

testosterone levels were included in the follow-up and 

outcome measures, which lasted for 15 years. 399 more 

cardiovascular events and 141 deaths linked to cardiovascular 

disease were reported. They stated that, in spite of the 

aforementioned findings, it was not possible to determine a 

relationship between the outcomes and testosterone levels in 

males of any age. Maggi et al. (2016) conducted a 

comprehensive study in the same year to investigate the 
cardiovascular safety of testosterone in the treatment of 

hypogonadal men. Men who took testosterone and those who 

did not were monitored for cardiovascular consequences. Out 

of the five documented deaths, two were untreated and three 

were receiving testosterone replacement medication. They 

stated that the patient's age and prior history of cardiovascular 

conditions had more bearing on the result than testosterone 

replacement therapy. Thirumalai and Anawalt's (2022) most 

recent prospective cohort study examined the effects of 

testosterone, both endogenous and exogenous, on 

cardiovascular health in men who were followed up for five 

to fifteen years. According to reports, there is no correlation 
or inverse relationship between cardiovascular events 

including myocardial infarction, coronary artery disease, and 

hypertension with endogenous testosterone or testosterone 

replacement treatment. They concluded from their research 

that neither endogenous testosterone nor testosterone 

replacement therapy, at treatment doses, had any negligible 

effects on the risk of cardiovascular diseases in the absence 

of underlying medical conditions or other cardiovascular 

events, such as stroke, deep vein thrombosis, or recent 

myocardial infarction. But they advised against the 

prescription of very high doses to patients who have minimal 
drop in their testosterone level. 

 

IV. CONCLUSION 

 

Testosterone plays vital roles in maintaining the body’s 

homeostasis. Men who have low testosterone level and 

diagnosed of hypogonadism, suffer from symptoms such as 

decreased energy, easy fatigability, clouding of memory, low 

libido, erectile dysfunction amongst others. There is a high 

prevalence of hypogonadism where it is reported that 1 in 4 

men in the United States suffer from this condition. 

Associations have been reported between testosterone and 
cardiovascular events. Research shows that low testosterone 

level is associated with acute myocardial infarction, 

cardiomyopathy and coronary artery disease. This has been 

supported by other researches. Additionally, it has been noted 

that this insufficiency is a poor predictive factor for 

cardiovascular events, particularly in people with underlying 

cardiovascular disorders such chronic heart failure, where it 

has been shown to exacerbate the condition by lowering 

ejection fraction. Moreover, it has been connected to stroke, 

transient ischemic episodes, and mortality from 

cardiovascular disease. Additionally, a study has connected 

low testosterone to vasoconstriction, which raises blood 

pressure.  

 

When a patient is diagnosed with hypogonadism, 
testosterone replacement therapy is typically started. Raising 

the plasma concentration to a normal level and managing the 

disease's symptoms are the objectives of treatment. 

According to reports, testosterone replacement therapy 

produces a number of negative side effects that impact 

various body systems and organs. Numerous studies have 

shown conflicting results supporting and refuting the use of 

testosterone replacement therapy. Its impact on the 

development of cardiovascular events and cerebrovascular 

events (strokes), as well as the risk factors for these illnesses, 

has been examined in this review. Some studies have revealed 
favourable effects or increased risk associated with 

testosterone, while others have found no association between 

the hormone and stroke or cardiovascular events. 

 

Numerous researches documented the positive 

outcomes of testosterone replacement treatment. An 

investigation revealed a negative correlation between senior 

men's testosterone levels and their risk of cardiovascular 

conditions including atrial fibrillation. This conclusion was 

backed by data from other studies, which showed that a lower 

incidence of atrial fibrillation was linked to the normalisation 

of plasma testosterone. There is a documented inverse 
relationship between testosterone therapy and hypertension, 

diastolic blood pressure, and systolic blood pressure. Another 

study indicated that while normalised testosterone levels were 

associated with normal blood pressure and cardioprotection, 

elevated testosterone levels were linked to hypertension. It 

has been observed that testosterone therapy improves heart 

health. It was linked to a decrease in triglycerides and plaque 

development as well as an increase in HDL. A study claimed 

to have seen some protection against cardiovascular problems 

in older people, but it found no correlation between 

testosterone therapy and these conditions. Similarly, some 
additional studies found that testosterone therapy had a 

positive benefit that became more noticeable after a lengthy 

period of usage rather than increasing the risk of 

cardiovascular disease. Evidence also indicates that, even in 

the presence of congestive heart failure and underlying 

chronic stable angina, exercise improves myocardial 

perfusion and ECG abnormalities. Studies investigating the 

relationship between testosterone replacement therapy and 

stroke are extremely rare. Data indicates that testosterone 

replacement therapy does not induce stroke, but rather has a 

beneficial effect even in patients with underlying 

cardiovascular illnesses, despite reports linking low 
testosterone to cerebrovascular events. 

 

A small number of studies documented negative 

consequences from testosterone replacement therapy. A 

cohort study found that both the testosterone treatment group 

and the control group had a significant increased risk of 

myocardial infarction and stroke, though the treatment 

https://doi.org/10.38124/ijisrt/IJISRT24NOV674
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group's risk was higher and participants had an underlying 

coronary artery disease. An additional investigation revealed 

that cardiomyopathy accompanied by a noteworthy decrease 

in ejection fraction was a side effect of testosterone treatment. 

The testosterone treatment group saw a significant rate of 

cardiovascular events, as revealed by a randomised controlled 

trial, prompting the study's termination. There were only 209 

participants in the study, which limits the study's applicability 
to the broader public. According to a study, there was a 

decrease in the risk of myocardial infarction when 

testosterone replacement medication was stopped after the 

first three months of treatment. However, this was observed 

when underlying cardiac illness was present. A different 

study's report, which indicated a higher risk of myocardial 

infarction in those receiving testosterone therapy for the first 

time, corroborated the aforementioned finding. Additionally, 

a study found a link between testosterone replacement 

treatment and deaths from cardiovascular diseases. 

 
A few variables were found to have an impact on a few 

of the given results. The sample size is one of these variables. 

The majority of the research enrolled relatively few 

participants, which restricts the applicability of their 

conclusions. Another factor that was shown to be potentially 

responsible for the observed detrimental effect was the 

method of administration. According to a report, patients who 

received transdermal testosterone gel were less likely than 

those who received intramuscular injections to experience 

cardiovascular problems. As we await the result of a large 

clinical trial (TRAVERSE trial) which is thought to be able 

to address many of the unanswered questions surrounding the 
safety of testosterone replacement therapy, it is advised that 

physicians should adhere strictly to established guidelines 

and be guided by the principle of non-malfeasance when 

managing patients with hypogonadism 

 

Based on the research that is now available, testosterone 

replacement treatment has more positive effects than negative 

ones. Similarly, there is a connection between cardiovascular 

events and low testosterone levels. Therefore, if a patient is 

diagnosed with hypogonadism, they should be urged to seek 

help and be willing to get treated. As we await the result of a 
large clinical trial (TRAVERSE trial) which is thought to be 

able to address many of the unanswered questions 

surrounding the safety of testosterone replacement therapy, it 

is advised that ph\ysicians should adhere strictly to 

established guidelines and be guided by the principle of non-

malfeasance when managing patients with hypogonadism.  
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[13]. Bu B. Yeap, Zoë Hyde, Osvaldo P. Almeida, Paul E. 

Norman, S. A. Paul Chubb, Konrad Jamrozik, Leon 

Flicker, Graeme J. Hankey, Lower Testosterone 

Levels Predict Incident Stroke and Transient Ischemic 

Attack in Older Men, The Journal of Clinical 

Endocrinology & Metabolism, Volume 94, Issue 7, 1 
July 2009, Pages 2353–

2359, https://doi.org/10.1210/jc.2008-2416 

[14]. English KM, Mandour O, Steeds RP, Diver MJ, Jones 

TH, Channer KS. Men with coronary artery disease 

have lower levels of androgens than men with normal 

coronary angiograms. Eur Heart J. 2000 

Jun;21(11):890-4. doi: 10.1053/euhj.1999.1873. 

PMID: 10806012. 

[15]. Ruige JB, Mahmoud AM, De Bacquer D, Kaufman 

JM. Endogenous testosterone and cardiovascular 

disease in healthy men: a meta-analysis. Heart. 2011 

Jun;97(11):870-5. doi: 10.1136/hrt.2010.210757. 
Epub 2010 Dec 21. PMID: 21177660. 

[16]. Pugh PJ, Channer KS, Parry H, Downes T, Jone TH. 

Bio-available testosterone levels fall acutely following 

myocardial infarction in men: association with 

fibrinolytic factors. Endocr Res. 2002 Aug;28(3):161-

73. doi: 10.1081/erc-120015055. PMID: 12489566. 

[17]. Kienitz T, Quinkler M. Testosterone and blood 

pressure regulation. Kidney Blood Press Res. 

2008;31(2):71-9. doi: 10.1159/000119417. Epub 2008 

Mar 4. PMID: 18319594. 

[18]. Nettleship J, Jones R, Channer K, Jones T. 

Testosterone and coronary artery disease. Front Horm 

Res. 2009;37:91-107. doi: 10.1159/000176047. 

PMID: 19011291. 
[19]. Malkin CJ, Pugh PJ, West JN, Van Beek EJR, Jones 

TH, Channer KS. Testosterone therapy in men with 

moderate severity heart failure: a double-blind 

randomized placebo controlled trial. Eur Heart J. 

2006;27:57–

64. https://doi.org/10.1093/eurheartj/ehi443. 

[20]. Scott JM, Dillon EL, Kinsky M, Chamberlain A, 

McCammon S, et al. Effects of adjunct testosterone on 

cardiac morphology and function in advanced cancers: 

an ancillary analysis of a randomized controlled 

trial. BMC Cancer. 2019;19:778. [PMC free 
article] [PubMed] [Google Scholar] [Ref list] 

[21]. Vikan T, Schirmer H, Njolstad I, et al. Low 

testosterone and sex hormone-binding globulin levels 

and high estradiol levels are independent predictors of 

type. European Journal of 

Endocrinology. 2010;162:747–

754. [PubMed] [Google Scholar] [Ref list] 

[22]. Gagliano-Jucá, T., Basaria, S. Testosterone 

replacement therapy and cardiovascular risk. Nat Rev 

Cardiol 16, 555–574 (2019). 

https://doi.org/10.1038/s41569-019-0211-4 

[23]. Tan RS, Cook KR, Reilly WG. Myocardial Infarction 
and Stroke Risk in Young Healthy Men Treated with 

Injectable Testosterone. Int J Endocrinol. 

2015;2015:970750. doi: 10.1155/2015/970750. Epub 

2015 Jun 1. PMID: 26124832; PMCID: 

PMC4466480. 

[24]. Lopes RA, Neves KB, Carneiro FS, Tostes RC. 

Testosterone and vascular function in aging. Front 

Physiol. 2012 Apr 10;3:89. doi: 

10.3389/fphys.2012.00089. PMID: 22514541; 

PMCID: PMC3322529. 

[25]. Velho I, Fighera TM, Ziegelmann PK, Spritzer PM. 
Effects of testosterone therapy on BMI, blood 

pressure, and laboratory profile of transgender men: a 

systematic review. Andrology. 2017 Sep;5(5):881-

888. doi: 10.1111/andr.12382. Epub 2017 Jul 14. 

PMID: 28709177. 

[26]. Lincoff A. Michael, Bhasin Shalender, Flevaris 

Panagiotis, Mitchell Lisa M, Basaria Shehzad, Boden 

William E, Cunningham Glenn R, Granger 

Christopher B,  Khera Mohit, Thompson Ian M, Wang 

Qiuqing, Wolski, Kathy, Davey Deborah, Kalahasti 

Vidyasagar, Khan Nader, Miller Michael G, Snabes 

Michael C, Chan Anna, Dubcenco Elena, Li Xue, Yi 
Tingting, Huang Bidan, Pencina Karol, M Travison, 

Thomas G, Nissen Steven E. Cardiovascular Safety of 

Testosterone-Replacement Therapy. New England 

Journal of Medicine 2023/10/19; 107: 117-2. doi: 

10.1056/NEJMoa2215025. JOUR 2023 New England 

Journal of Medicine: 2023/07/13; 0028-4793 

https://doi.org/10.1056/NEJMoa2215025 

https://doi.org/10.38124/ijisrt/IJISRT24NOV674
http://www.ijisrt.com/
https://doi.org/10.1210/jc.2008-2416
https://doi.org/10.1093/eurheartj/ehi443
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6686390/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6686390/
https://pubmed.ncbi.nlm.nih.gov/31391011
https://scholar.google.com/scholar_lookup?journal=BMC+Cancer&title=Effects+of+adjunct+testosterone+on+cardiac+morphology+and+function+in+advanced+cancers:+an+ancillary+analysis+of+a+randomized+controlled+trial&author=JM+Scott&author=EL+Dillon&author=M+Kinsky&author=A+Chamberlain&author=S+McCammon&volume=19&publication_year=2019&pages=778&pmid=31391011&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8269837/#ref22
https://pubmed.ncbi.nlm.nih.gov/20061333
https://scholar.google.com/scholar_lookup?journal=European+Journal+of+Endocrinology&title=Low+testosterone+and+sex+hormone-binding+globulin+levels+and+high+estradiol+levels+are+independent+predictors+of+type&author=T+Vikan&author=H+Schirmer&author=I+Njolstad&volume=162&publication_year=2010&pages=747-754&pmid=20061333&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3225917/#R18
https://doi.org/10.1038/s41569-019-0211-4


Volume 9, Issue 11, November – 2024                                International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                   https://doi.org/10.38124/ijisrt/IJISRT24NOV674 

 

 

IJISRT24NOV674                                                               www.ijisrt.com                                                                                   1540 

[27]. Keating N. L., O’Malley A. J., Smith M. R. 

(2006). Diabetes and cardiovascular disease during 

androgen deprivation therapy for prostate cancer. J. 

Clin. Oncol. 24, 4448–4456. 

10.1200/JCO.2006.06.2497 [PubMed] 

[CrossRef] [Google Scholar] [Ref list] 

[28]. Mathews L, Subramanya V, Zhao D, Ouyang P, 

Vaidya D, Guallar E, Yeboah J, Herrington D, Hays 
AG, Budoff MJ, Michos ED. Endogenous Sex 

Hormones and Endothelial Function in 

Postmenopausal Women and Men: The Multi-Ethnic 

Study of Atherosclerosis. J Womens Health 

(Larchmt). 2019 Jul;28(7):900-909. doi: 

10.1089/jwh.2018.7441. Epub 2019 Jun 6. PMID: 

31170017; PMCID: PMC6645200. 

[29]. von Mering GO, Arant CB, Wessel TR, et 

al.. Abnormal coronary vasomotion as a prognostic 

indicator of cardiovascular events in women: Results 

from the National Heart, Lung, and Blood Institute-
Sponsored Women's Ischemia Syndrome Evaluation 

(WISE). Circulation 2004;109:722–725 

[PubMed] [Google Scholar] [Ref list] 

[30]. Zhao D, Guallar E, Ouyang P, Subramanya V, Vaidya 

D, Ndumele CE, Lima JA, Allison MA, Shah SJ, 

Bertoni AG, Budoff MJ, Post WS, Michos ED. 

Endogenous Sex Hormones and 

Incident Cardiovascular Disease in Post-Menopausal 

Women. J Am Coll Cardiol. 2018 Jun 5;71(22):2555-

2566. doi: 10.1016/j.jacc.2018.01.083. PMID: 

29852978; PMCID: PMC5986086. 

[31]. Martinez-Quintana E, Saiz-Udaeta B, Marrero-Negrin 
N, Lopez-Mérida X, Rodriguez-Gonzalez F, Nieto-

Lago V. Androgenic anabolic steroid, cocaine and 

amphetamine abuse and adverse cardiovascular 

effects. Int J Endocrinol Metab. 2013 Oct 

1;11(4):e8755. doi: 10.5812/ijem.8755. PMID: 

24719633; PMCID: PMC3968994. 

[32]. Laughlin GA, Barrett-Connor E, Bergstrom J. Low 

serum testosterone and mortality in older men. J Clin 

Endocrinol Metab. 2008 Jan;93(1):68-75. doi: 

10.1210/jc.2007-1792. Epub 2007 Oct 2. PMID: 

17911176; PMCID: PMC2190742. 
[33]. Khaw KT, Dowsett M, Folkerd E, et al. Endogenous 

testosterone and mortality due to all causes, 

cardiovascular disease, and cancer in men: European 

prospective investigation into cancer in Norfolk 

(EPIC-Norfolk) Prospective Population Study. 

Circulation. 2007 Dec;116(23):2694-2701. DOI: 

10.1161/circulationaha.107.719005. PMID: 

18040028. 

[34]. Soisson V, Brailly-Tabard S, Helmer C, et al. A J-

shaped association between plasma testosterone and 

risk of ischemic arterial event in elderly men: the 

French 3C cohort study. Maturitas. 2013 
Jul;75(3):282-288. DOI: 

10.1016/j.maturitas.2013.04.012. PMID: 23706278. 

 

 

 

 

[35]. Ohlsson C, Barrett-Connor E, Bhasin S, Orwoll E, 

Labrie F, Karlsson MK, Ljunggren O, Vandenput L, 

Mellström D, Tivesten A. High serum testosterone is 

associated with reduced risk of cardiovascular events 

in elderly men. The MrOS (Osteoporotic Fractures in 

Men) study in Sweden. J Am Coll Cardiol. 2011 Oct 

11;58(16):1674-81. doi: 10.1016/j.jacc.2011.07.019. 

PMID: 21982312. 
[36]. Nguyen CP, Hirsch MS, Moeny D, Kaul S, 

Mohamoud M, Joffe HV. Testosterone and "Age-

Related Hypogonadism"--FDA Concerns. N Engl J 

Med. 2015 Aug 20;373(8):689-91. doi: 

10.1056/NEJMp1506632. PMID: 26287846; PMCID: 

PMC8905399. 

[37]. Handelsman DJ. Global trends in testosterone 

prescribing, 2000-2011: expanding the spectrum of 

prescription drug misuse. Med J Aust. 2013 Oct 

21;199(8):548-51. doi: 10.5694/mja13.10111. PMID: 

24138381. 
[38]. Snyder PJ, Bhasin S, Cunningham GR, Matsumoto 

AM, Stephens-Shields AJ, Cauley JA, Gill TM, 

Barrett-Connor E, Swerdloff RS, Wang C, Ensrud KE, 

Lewis CE, Farrar JT, Cella D, Rosen RC, Pahor M, 

Crandall JP, Molitch ME, Cifelli D, Dougar D, 

Fluharty L, Resnick SM, Storer TW, Anton S, Basaria 

S, Diem SJ, Hou X, Mohler ER 3rd, Parsons JK, 

Wenger NK, Zeldow B, Landis JR, Ellenberg SS; 

Testosterone Trials Investigators. Effects of 

Testosterone Treatment in Older Men. N Engl J Med. 

2016 Feb 18;374(7):611-24. doi: 

10.1056/NEJMoa1506119. PMID: 26886521; 
PMCID: PMC5209754. 

[39]. Shores MM, Smith NL, Forsberg CW, Anawalt BD, 

Matsumoto AM. Testosterone treatment and mortality 

in men with low testosterone levels. The Journal of 

Clinical Endocrinology and Metabolism. 2012 

Jun;97(6):2050-2058. DOI: 10.1210/jc.2011-2591. 

PMID: 22496507. 

[40]. Shores MM, Arnold AM, Biggs ML, Longstreth WT 

Jr, Smith NL, Kizer JR, Cappola AR, Hirsch CH, 

Marck BT, Matsumoto AM. Testosterone and 

dihydrotestosterone and incident ischaemic stroke in 
men in the Cardiovascular Health Study. Clin 

Endocrinol (Oxf). 2014 Nov;81(5):746-53. doi: 

10.1111/cen.12452. Epub 2014 May 5. PMID: 

24645738; PMCID: PMC4169352. 

[41]. Srinath R, Gottesman RF, Hill Golden S, Carson KA, 

Dobs A. Association Between Endogenous 

Testosterone and Cerebrovascular Disease in the 

ARIC Study (Atherosclerosis Risk in Communities). 

Stroke. 2016 Nov;47(11):2682-2688. doi: 

10.1161/STROKEAHA.116.014088. Epub 2016 Oct 

11. PMID: 27729576. 

[42]. Magnani JW, Moser CB, Murabito JM, Sullivan LM, 
Wang N, Ellinor PT, Vasan RS, Benjamin EJ, 

Coviello AD. Association of sex hormones, aging, and 

atrial fibrillation in men: the Framingham Heart Study. 

Circ Arrhythm Electrophysiol. 2014 Apr;7(2):307-12. 

doi: 10.1161/CIRCEP.113.001322. Epub 2014 Mar 8. 

PMID: 24610804; PMCID: PMC4035016. 

https://doi.org/10.38124/ijisrt/IJISRT24NOV674
http://www.ijisrt.com/
https://pubmed.ncbi.nlm.nih.gov/16983113
https://doi.org/10.1200%2FJCO.2006.06.2497
https://scholar.google.com/scholar_lookup?journal=J.+Clin.+Oncol.&title=Diabetes+and+cardiovascular+disease+during+androgen+deprivation+therapy+for+prostate+cancer&author=N.+L.+Keating&author=A.+J.+O%E2%80%99Malley&author=M.+R.+Smith&volume=24&publication_year=2006&pages=4448-4456&pmid=16983113&doi=10.1200/JCO.2006.06.2497&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7783464/#B39
https://pubmed.ncbi.nlm.nih.gov/14970106
https://scholar.google.com/scholar_lookup?journal=Circulation&title=Abnormal+coronary+vasomotion+as+a+prognostic+indicator+of+cardiovascular+events+in+women:+Results+from+the+National+Heart,+Lung,+and+Blood+Institute-Sponsored+Women%27s+Ischemia+Syndrome+Evaluation+(WISE)&author=GO+von+Mering&author=CB+Arant&author=TR+Wessel&volume=109&publication_year=2004&pages=722-725&pmid=14970106&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6645200/#B11


Volume 9, Issue 11, November – 2024                                International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                   https://doi.org/10.38124/ijisrt/IJISRT24NOV674 

 

 

IJISRT24NOV674                                                               www.ijisrt.com                                                                                   1541 

[43]. Rosenberg MA, Shores MM, Matsumoto AM, 

Bůžková P, Lange LA, Kronmal RA, Heckbert SR, 

Mukamal KJ. Serum androgens and risk of atrial 

fibrillation in older men: The Cardiovascular Health 

Study. Clin Cardiol. 2018 Jun;41(6):830-836. doi: 

10.1002/clc.22965. Epub 2018 Jun 8. PMID: 

29671886; PMCID: PMC6013387. 

[44]. Zeller T, Schnabel RB, Appelbaum S, Ojeda F, 
Berisha F, Schulte-Steinberg B, Brueckmann BE, 

Kuulasmaa K, Jousilahti P, Blankenberg S, Palosaari 

T, Salomaa V, Karakas M. Low testosterone levels are 

predictive for incident atrial fibrillation and ischaemic 

stroke in men, but protective in women - results from 

the FINRISK study. Eur J Prev Cardiol. 2018 

Jul;25(11):1133-1139. doi: 

10.1177/2047487318778346. Epub 2018 May 29. 

PMID: 29808758. 

[45]. Hyde Z, Norman PE, Flicker L, Hankey GJ, Almeida 

OP, McCaul KA, Chubb SA, Yeap BB. Low free 
testosterone predicts mortality from cardiovascular 

disease but not other causes: the Health in Men Study. 

J Clin Endocrinol Metab. 2012 Jan;97(1):179-89. doi: 

10.1210/jc.2011-1617. Epub 2011 Oct 19. PMID: 

22013106. 

[46]. Chan YX, Knuiman MW, Hung J, Divitini ML, Beilby 

JP, Handelsman DJ, Beilin J, McQuillan B, Yeap BB. 

Neutral associations of testosterone, 

dihydrotestosterone and estradiol with fatal and non-

fatal cardiovascular events, and mortality in men aged 

17-97 years. Clin Endocrinol (Oxf). 2016 

Oct;85(4):575-82. doi: 10.1111/cen.13089. Epub 
2016 May 8. PMID: 27106765. 

[47]. Azoulay L, Yin H, Benayoun S, Renoux C, Boivin JF, 

Suissa S. Androgen-deprivation therapy and the risk 

of stroke in patients with prostate cancer. Eur Urol. 

2011 Dec;60(6):1244-50. doi: 

10.1016/j.eururo.2011.08.041. Epub 2011 Aug 27. 

PMID: 21908097. 

[48]. Martín-Merino E, Johansson S, Morris T, García 

Rodríguez LA. Androgen deprivation therapy and the 

risk of coronary heart disease and heart failure in 

patients with prostate cancer: a nested case-control 
study in UK primary care. Drug Saf. 2011 Nov 

1;34(11):1061-77. doi: 10.2165/11594540-

000000000-00000. PMID: 21981434. 

[49]. Maggi M, Wu FC, Jones TH, Jackson G, Behre HM, 

Hackett G, Martin-Morales A, Balercia G, Dobs AS, 

Arver ST, Maggio M, Cunningham GR, Isidori AM, 

Quinton R, Wheaton OA, Siami FS, Rosen RC; 

RHYME Investigators. Testosterone treatment is not 

associated with increased risk of adverse 

cardiovascular events: results from the Registry of 

Hypogonadism in Men (RHYME). Int J Clin Pract. 

2016 Oct;70(10):843-852. doi: 10.1111/ijcp.12876. 
PMID: 27774779. 

[50]. Arnlöv J, Pencina MJ, Amin S, Nam BH, Benjamin 

EJ, Murabito JM, Wang TJ, Knapp PE, D'Agostino 

RB Sr, Bhasin S, Vasan RS. Endogenous sex 

hormones and cardiovascular disease incidence in 

men. Ann Intern Med. 2006 Aug 1;145(3):176-84. doi: 

10.7326/0003-4819-145-3-200608010-00005. PMID: 

16880459. 

[51]. Sih R, Morley JE, Kaiser FE, et al. Testosterone 
replacement in older hypogonadal men: a 12-month 

randomized controlled trial. The Journal of Clinical 

Endocrinology and Metabolism. 1997 

Jun;82(6):1661-1667. DOI: 10.1210/jcem.82.6.3988. 

PMID: 9177359. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.38124/ijisrt/IJISRT24NOV674
http://www.ijisrt.com/

