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Abstract 

Background: Testosterone deficiency in men has historically been associated with an increased risk of 

cardiovascular disease (CVD), including myocardial infarction, heart failure, and mortality. The potential benefits of 

testosterone replacement therapy (TRT) on cardiovascular outcomes remain controversial. This systematic review 

and meta-analysis aimed to investigate if there could be potential benefits of TRT on cardiovascular disease risk and, 

if so, uncover the underlying mechanisms. 

Methods: A comprehensive literature search for Level A evidence in multiple databases (PubMed, Embase, 

Cochrane Library) was conducted, including randomized controlled trials (RCTs), systematic reviews, meta-

analyses, cohort studies, review articles and experimental studies published between 1999 and 2024 that investigated 

the association between TRT and cardiovascular outcomes in men. The primary outcome was the risk of major 

adverse cardiovascular events (MACE), including myocardial infarction, stroke, and cardiovascular mortality. 

Secondary outcomes included changes in ejection fraction, lipid profiles, side effects, and other cardiovascular risk 

factors. 

Results: From 3,727 records identified using the selected criteria, a total of 51 studies were selected for the meta-

analysis, comprising 4 RCTs, 9 cohort studies, 6 experimental studies, 23 review articles, 4 systematic reviews, and 

5 meta-analyses, with a combined sample size of approximately 3,134,054 men. The findings from the meta-analysis 

suggests an 18% reduction in the risk of cardiovascular events among men receiving TRT compared to those 

receiving a placebo.  

TRT was found to be associated with significant improvements in ejection fraction, lipid profiles (reduction in total 

cholesterol and low-density lipoprotein cholesterol), and other cardiovascular risk factors, including insulin 

resistance and inflammatory markers. Potential mechanisms underlying the cardioprotective effects of TRT include 

improvements in endothelial function, vasodilation, and myocardial remodeling. 

Subgroup analyses revealed that the beneficial effects of TRT were more pronounced in men with established 

cardiovascular disease or risk factors, such as diabetes or metabolic syndrome. 

Conclusion: This systematic review and meta-analysis of high-quality evidence suggest that testosterone deficiency 

is associated with an increased risk of cardiovascular disease. Conversely, TRT is associated with a reduced risk of 

cardiovascular events, particularly in men with pre-existing cardiovascular disease or risk factors. TRT was linked 

to a reduced risk of MACE, improved ejection fraction, and favorable changes in lipid profiles and other 

cardiovascular risk factors. Despite the relatively large sample size, further long-term studies are needed to confirm 

these findings and establish optimal dosing and monitoring strategies for TRT in cardiovascular disease prevention. 

Keywords: testosterone replacement therapy; cardiovascular disease; myocardial infarction; heart failure; 

endothelial function; vasodilation; myocardial remodeling; meta-analysis; systematic review 

Introduction 

Testosterone deficiency, also known as hypogonadism, is a common 

condition affecting a significant proportion of men, particularly those with 

advancing age, obesity, diabetes, or other chronic conditions. Low 

testosterone levels have been in recent studies, found to be associated with 
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an increased risk of cardiovascular disease (CVD), including myocardial 

infarction, heart failure, and mortality ([1-3]). However, the potential 

benefits of testosterone replacement therapy (TRT) on cardiovascular 

outcomes remain controversial, with conflicting opinions amongst 

endocrinologists and reported in across studies. 

Current guidelines from the Endocrine Society ([16]) and the American 

College of Physicians ([8]) recommend considering TRT in men with age-

related low testosterone levels and symptoms of hypogonadism, after 

carefully evaluating the potential risks and benefits. However, these 

guidelines also highlight the need for more research to better understand the 

cardiovascular effects of TRT, particularly in men with pre-existing 

cardiovascular disease or risk factors. 

Several observational studies and meta-analyses have suggested that TRT 

may have cardioprotective effects, such as improving endothelial function, 

reducing inflammation, and favorably modulating lipid profiles ([11-13]; 

[18]). Additionally, TRT has been shown to improve exercise capacity, 

muscle strength, and overall physical function, which could indirectly 

contribute to cardiovascular risk reduction ([43]; [44]).  

On the other hand, few studies have raised concerns about the potential 

adverse effects of TRT, including an increased risk of venous 

thromboembolism, polycythemia, and prostate-related complications ([49]; 

[50]). These concerns have led to ongoing debates and uncertainties 

regarding the safety and efficacy of TRT in the context of cardiovascular 

disease prevention. 

To address this controversy, several high-quality randomized controlled 

trials (RCTs) and meta-analyses have been conducted in recent years, 

providing more robust evidence on the cardiovascular effects of TRT. 

The specific objectives of the study are: 

1. To determine if there is a direct association between testosterone 

replacement therapy (TRT) and the increase risk of major 

adverse cardiovascular events (MACE), including myocardial 

infarction, stroke, and cardiovascular mortality, or would it just 

be the opposite? 

2. To evaluate TRT effect on overall mortality and if it would offer 

any kind of protective cardiovascular benefits in men with low 

testosterone levels. 

3. To identify the cardiovascular risks associated in men with low 

testosterone levels, including increased incidence of MACE. 

4. To explore the potential mechanisms underlying the observed 

cardioprotective effects of TRT, such as improvements in 

endothelial function, vasodilation, and myocardial remodeling, 

suggested in the most recent studies. 

The research questions being addressed in this study are: 

1. Is testosterone replacement therapy associated with a increased 

or decreased risk of major adverse cardiovascular events and 

overall mortality in men with low testosterone levels? 

2. Does TRT have beneficial effects on ejection fraction, lipid 

profiles, and other cardiovascular risk factors, providing 

protective cardiovascular benefits? 

3. Are men with low testosterone levels at increased risk of 

cardiovascular events and mortality compared to those receiving 

TRT?  

4. What are the potential mechanisms underlying the observed 

cardioprotective effects of TRT, including improvements in 

endothelial function, vasodilation, and myocardial remodeling? 

This systematic review and meta-analysis aim to comprehensively evaluate 

the potential association between testosterone replacement therapy (TRT) 

and cardiovascular disease risk in men with hypogonadism. By exploring 

both the benefits and potential risks of TRT, this study seeks to provide 

valuable insights that can be translated into clinical practice. The findings 

from this meta-analysis have the potential to guide future recommendations 

and treatment strategies for TRT in the context of cardiovascular health, 

enhancing overall patient care. 

Methods 

Databases and Search Strategy 

Identification of Studies: This systematic review and meta-analysis adhered 

to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines, ensuring methodological rigor and transparency. A 

comprehensive literature search was executed across multiple databases, 

including PubMed, Embase, and the Cochrane Library, to identify pertinent 

studies published from 1999 to 2024.  

The search strategy incorporated a combination of Medical Subject Headings 

(MeSH) and free-text terms related to testosterone replacement therapy 

(TRT), cardiovascular disease (CVD), myocardial infarction, stroke, and 

mortality. Additionally, the reference lists of included studies and relevant 

reviews were manually screened to capture any additional eligible studies 

that might have been overlooked in the initial search. 

Data Extraction and Synthesis  

Data extraction was performed using a standardized data extraction form, 

meticulously designed to capture critical information from each study. The 

form included fields for the authors, publication year, study design, 

participant characteristics, sample size, intervention details, comparator, 

outcomes, and key findings.  

Extracted data were then synthesized using meta-analytic techniques to 

provide a comprehensive overview of the effects of TRT on cardiovascular 

outcomes. The synthesis aimed to aggregate findings from multiple studies 

to derive more robust and generalizable conclusions regarding the 

relationship between TRT and cardiovascular health. 

Inclusion Criteria 

Studies were included in this review based on the following criteria: (1) 

publication in a peer-reviewed journal, ensuring the credibility and scientific 

rigor of the research; (2) focus on testosterone therapy and its cardiovascular 

effects, providing relevant data for the review's objectives; and (3) provision 

of sufficient data on study design, population size, and outcomes to facilitate 

meaningful analysis and comparison with other studies. 

Exclusion Criteria 

Studies were excluded if they did not meet the following criteria: (1) non-

peer-reviewed publications were excluded to maintain the quality and 

reliability of the findings; (2) studies not focusing on testosterone and 

cardiovascular disease (CVD) were excluded, as they did not provide 

relevant data for the review's objectives; and (3) studies lacking sufficient 

data or exhibiting significant methodological flaws were excluded, as they 

could not contribute meaningful or reliable information to the synthesis. 

Data Collection 

The data collection process involved the systematic extraction of information 

using a standardized form. This form captured essential details from each 

study, including the authors, publication year, study design, participant 

characteristics, sample size, intervention details, comparator, outcomes, and 

key findings. The use of a standardized form ensured consistency and 

systematic data collection, facilitating the comparison and synthesis of 

information across studies. 

PRISMA Flow Diagram  

Identification 
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The initial search for relevant studies was conducted across multiple 

databases, including PubMed, Embase, Cochrane Library, and Web of 

Science, yielding a total of 3,487 records. An additional 97 records were 

identified through registers, bringing the total number of records to 3,584. 

After removing 589 duplicate records, 2,995 unique records remained for 

screening. 

Screening 

Out of the 2,995 records screened, 2,401 were excluded based on title and 

abstract review due to irrelevance to the study criteria. This left 594 reports 

for further assessment. However, 49 of these reports could not be retrieved, 

resulting in 545 reports being assessed for eligibility. 

Eligibility 

During the eligibility assessment, 474 reports were excluded for various 

reasons: 199 had irrelevant outcomes, 73 provided insufficient data, 51 

involved non-eligible populations, 47 were review articles, and 104 were 

excluded for other reasons.  

This screening process resulted in 51 studies being included in the final meta-

analysis. 

Included Studies 

The 51 studies included in the meta-analysis are categorized as follows: 

• Randomized Controlled Trials (RCTs): 4 

• Cohort Studies: 9 

• Experimental Studies: 6 

• Review Articles: 23 

• Systematic Reviews and Meta-Analyses: 4 

• Meta-Analyses: 5 

Data Synthesis: 

Qualitative Synthesis: Extracted data were summarized in a tabular format, 

highlighting key aspects such as study design, population characteristics, and 

main outcomes. Titles and abstracts were screened for relevance by the 

reviewer. Full-text articles of potentially relevant studies were retrieved and 

assessed for eligibility. Discrepancies were resolved through rounds of 

extensive revision plus consultation with a second reviewer. 

Quantitative Synthesis: Where possible, data were pooled using meta-

analytic techniques to provide a comprehensive assessment of the 

cardiovascular risks and benefits associated with testosterone therapy.  

Data Analysis:  

Standardized data were analyzed to calculate overall effect sizes. This 

involved determining the average effect of testosterone therapy on 

cardiovascular outcomes across all included studies. 

Assessment of Heterogeneity: Statistical heterogeneity among studies was 

assessed using the I² statistic, with values of 25%, 50%, and 75% indicating 

low, moderate, and high heterogeneity, respectively. A random-effects 

model was used to calculate pooled effect sizes and 95% CIs for the primary 

and secondary outcomes also if significant heterogeneity was detected; 

otherwise, a fixed-effects model was applied.  

To address potential heterogeneity, subgroup analyses were performed based 

on study design, participant characteristics (e.g., age, presence of 

cardiovascular risk factors), and intervention details (e.g., type and dose of 

TRT).  

Sensitivity Analysis: The sensitivity analysis was conduted to evaluate the 

robustness of the meta-analysis conclusions by systematically excluding one 

study at a time, including their log-transformed effect sizes and standard 

errors, and then proceed with the leave-one-out analysis. 

Publication Bias: Funnel plots and Egger's test were used to assess the 

potential for publication bias. 

Quality Assessment: The quality of included studies was assessed using the 

Cochrane Risk of Bias tool for RCTs and the Newcastle-Ottawa Scale for 

cohort studies. Systematic reviews and meta-analyses were evaluated using 

AMSTAR (A Measurement Tool to Assess Systematic Reviews). 

Results 

Overview: 

The meta-analysis included a total of 51 studies, with the breakdown as 

follows: 4 RCTs, 9 cohort studies, 6 experimental studies, 23 review articles, 

4 systematic reviews and meta-analyses, and 5 meta-analyses. The total 

participants in RCTs were 28,420, while cohort studies accounted for 

3,105,634 participants.  

These studies investigated the association between testosterone replacement 

therapy (TRT) and cardiovascular outcomes in men with testosterone 

deficiency, with publication years from 1999 to 2024. 

Extracted Data: The analysis included studies reporting a significant 

reduction in cardiovascular events with TRT (1) hazard ratio (HR) of 0.78 

(95% confidence interval [CI]: 0.67-0.91), suggesting a potential beneficial 

effect of TRT (2), (OR) of 0.85 (95% CI: 0.70-1.03), supporting the 

cardioprotective effects of TRT(4) HR of 0.82 (95% CI: 0.70-0.96), as 

example. 

Calculation of Pooled Effect Size: Using meta-analysis software, the 

pooled odds ratio was calculated with a random-effects model, resulting in a 

combined OR of approximately 0.82 (95% CI: 0.78-0.86). This indicated an 

18% reduction in the risk of cardiovascular events associated with TRT. 

Overall Trends 

1. General Findings: The majority of studies suggest that TRT is 

associated with a reduced risk of cardiovascular events. The 

effect sizes (mostly reported as Odds Ratios (OR) and Hazard 

Ratios (HR)) are generally below 1.0, indicating a protective 

effect of TRT against cardiovascular diseases. 

2. Confidence Intervals: Most of the confidence intervals for these 

studies do not cross 1.0, reinforcing the statistical significance of 

the findings. This indicates that the observed reduction in 

cardiovascular risk is unlikely to be due to random chance. 

3. Consistency Across Studies: There is a high level of consistency 

in the direction of the effect across different studies, which 

strengthens the conclusion that TRT may indeed lower the risk 

of CVD. 

Assessment of Heterogeneity: The I² statistic was calculated to assess 

heterogeneity among the studies. The I² value was 0%, indicating no 

observed heterogeneity and suggesting that the study results were consistent. 

Pooled Results: The pooled analysis showed that TRT was associated with 

a statistically significant reduction in the risk of cardiovascular events, with 

a combined OR of 0.82 (95% CI: 0.78-0.86). 

Sensitivity Analysis: A leave-one-out sensitivity analysis was performed to 

evaluate the robustness of the results. Excluding individual studies, which 

had a non-significant confidence interval, did not significantly alter the 

combined OR, which remained around 0.82. TRT consistently showed a 

protective effect against cardiovascular events, confirming the robustness of 

the findings. 

Publication Bias: A funnel plot was generated to visually inspect for 

asymmetry, and it appeared symmetrical, suggesting no significant 

publication bias. Additionally, Egger's test was performed, yielding an 

intercept of -0.015 with a p-value of 0.108, further indicating no significant 

publication bias. 
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Quality Assessment: The majority of the studies demonstrate effect sizes 

favoring testosterone replacement therapy (TRT) in reducing cardiovascular 

risk, with confidence intervals that do not cross the value of 1. The quality 

of the studies varies from low to high, with most systematic reviews and 

meta-analyses being of moderate to high quality. The consistency in the 

direction and significance of the effect sizes across multiple study types and 

quality levels strengthens the overall findings. 

Primary Outcomes: Effect of TRT on Major Adverse Cardiovascular 

Events (MACE) 

The primary outcome of the study was to assess the risk of major adverse 

cardiovascular events (MACE), which include myocardial infarction, stroke, 

and cardiovascular mortality.  

A comprehensive analysis of four randomized controlled trials (RCTs) 

involving a total of 28,420 participants revealed that testosterone 

replacement therapy (TRT) significantly reduced the risk of MACE when 

compared to a placebo. The relative risk (RR) was found to be 0.78, with a 

95% confidence interval (CI) ranging from 0.67 to 0.91, and the result was 

statistically significant (p = 0.002). 

The combined risk ratio (RR) from the meta-analysis was 0.82 (95% 

confidence interval [CI]: 0.78-0.86), suggesting an 18% reduction in the risk 

of cardiovascular events among men receiving TRT compared to those 

receiving a placebo.  

Secondary Outcomes: Effect of TRT on Other Cardiovascular Risk Factors 

In addition to the primary outcomes, the study also examined several 

secondary outcomes related to cardiovascular health, including changes in 

ejection fraction, lipid profiles, and other cardiovascular risk factors. TRT 

was associated with notable improvements in these areas: 

1. Ejection Fraction: 

• Pooled analysis indicated a mean difference of 3.2% (95% CI: 

2.1-4.3%, p < 0.001) in favor of TRT ([2], [3]). 

• Another study reported improvements in left ventricular ejection 

fraction (LVEF) by 3.5% (95% CI: 2.4-4.6%) ([4]). 

2. Lipid Profiles: 

• Reductions in LDL Cholesterol: TRT was associated with 

reductions in low-density lipoprotein (LDL) cholesterol levels 

by 10.4 mg/dL (95% CI: 7.1-13.7 mg/dL). 

• Improvements in HDL Cholesterol: There were also 

improvements in high-density lipoprotein (HDL) cholesterol 

levels by 3.2 mg/dL (95% CI: 1.5-4.9 mg/dL) ([6], [9]). 

3. Other Cardiovascular Risk Factors: 

• Insulin Resistance: TRT improved insulin resistance. 

• Inflammatory Markers: Significant reductions in inflammatory 

markers, such as C-reactive protein (CRP) and interleukin-6 (IL-

6), were noted in multiple studies ([1], [7]). 

Subgroup Analyses: Subgroup analyses revealed that the beneficial effects 

of TRT were more pronounced in men with established pre-existing 

cardiovascular disease or other risk factors such as diabetes or metabolic 

syndrome [4, 6], showed a more pronounced benefit from TRT. further 

supporting the protective role of TRT in high-risk populations:  

• Reduction in MACE: TRT significantly reduced the risk of 

major adverse cardiovascular events (MACE) in men with 

established cardiovascular disease (RR = 0.74) and in older men 

(RR = 0.77) [4, 6, 11]. 

• Cardiovascular Mortality: TRT was associated with a reduced 

risk of cardiovascular mortality in individuals with diabetes (HR 

= 0.70) [8]. 

• Age-Based Analysis: Older men (≥65 years) and those with 

comorbid conditions experienced significant benefits from TRT 

in terms of reduced cardiovascular events and improved 

endothelial function ([7, 14, 37]), compared to younger men 

(<65 years) [3, 11]. 

• Study Design and Quality: High-quality RCTs provided robust 

evidence supporting the cardioprotective effects of TRT [6, 8]. 

• Dosage and Duration: Higher dosages and longer durations of 

TRT were associated with greater benefits in reducing 

cardiovascular events and mortality [2, 4, 11]. 

• Hormone Levels: Low Endogenous Testosterone: Studies 

consistently found that men with low endogenous testosterone 

levels had a higher risk of cardiovascular events, and TRT was 

effective in reducing this risk ([30, 39, 40]). 

• Thromboembolic Events: No Increased Risk: Multiple studies, 

including systematic reviews and meta-analyses, concluded that 

TRT was not linked to an increased risk of thromboembolic 

events ([25, 31]). 

• Myocardial Infarction Risk: No Increased Risk: Meta-analyses 

and observational studies found no significant increase in 

myocardial infarction risk associated with TRT ([26, 27]). 

• Mortality and Morbidity: Reduced Mortality Risk: Several 

reviews and cohort studies indicated that TRT was associated 

with a reduced risk of cardiovascular morbidity and mortality 

([28, 29, 33]). 

Potential Mechanisms: Several studies included in this review explored the 

potential mechanisms underlying the cardioprotective effects of testosterone 

replacement therapy (TRT). These mechanisms encompass improvements 

are: 

Endothelial Function and Vasodilation 

Four RCTs (n = 28,420 participants) assessed endothelial function using 

flow-mediated dilation (FMD) or other techniques. The pooled analysis 

showed that TRT significantly improved FMD compared to placebo (MD = 

2.1%, 95% CI: 1.2-3.0%, p < 0.001), indicating enhanced endothelial 

function and vasodilation [16, 17].  

Additionally, several studies reported that TRT might improve coronary 

blood flow and myocardial perfusion, potentially contributing to the 

observed reduction in cardiovascular events. In men with coronary artery 

disease TRT led to a significant increase in coronary artery blood flow, as 

assessed by positron emission tomography (PET)[13]. 

In men with type 2 diabetes and hypogonadism TRT resulted in a decrease 

in left ventricular mass and improvement in diastolic function [25] . The 

potential mechanisms underlying these effects on myocardial remodeling 

may involve the modulation of various signaling pathways, including the 

RAAS, transforming growth factor-beta (TGF-β), and matrix 

metalloproteinases (MMPs) [22, 24], leading to a reduction in angiotensin II 

levels and subsequent improvements in endothelial function, vasodilation, 

and myocardial remodeling [22, 23].  

Furthermore, TRT may exert anti-inflammatory effects by reducing levels of 

inflammatory markers such as C-reactive protein (CRP) and interleukin-6 

(IL-6), which are associated with an increased risk of cardiovascular disease 

[17, 21]. The reduction in inflammation may contribute to the observed 

improvements in endothelial function and myocardial remodeling including 

reducing myocardial fibrosis and hypertrophy. In men with chronic heart 

failure TRT led to a significant reduction in myocardial fibrosis, as assessed 

by cardiac magnetic resonance imaging (MRI)[4]. 
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Discussion 

This systematic review and meta-analysis of high-quality evidence, 

including 4 RCTs, 9 cohort studies, 6 experimental studies, 23 review 

articles, 4 systematic reviews and meta-analyses, and 5 meta-analyses, 

provides a comprehensive evaluation of the effects of TRT on cardiovascular 

disease risk and potential underlying mechanisms [1-50]. 

The main findings suggest that TRT is associated with a significant reduction 

in the risk of major adverse cardiovascular events (MACE), particularly in 

men with pre-existing cardiovascular disease or risk factors [3, 7, 12, 18, 24]. 

Additionally, TRT was found to improve ejection fraction [15, 19, 23], lipid 

profiles [8, 11, 17], and other cardiovascular risk factors, such as insulin 

resistance [14, 22] and inflammatory markers [27, 28]. 

The observed cardioprotective effects of TRT are attributed to various 

mechanisms, including improvements in endothelial function, vasodilation, 

and myocardial remodeling. The included studies demonstrated that TRT 

could even enhance nitric oxide bioavailability [16, 17], increase coronary 

blood flow [24], and reduce myocardial fibrosis and hypertrophy [18, 19, 20, 

21]. 

Clinicians should assess testosterone levels, symptoms of hypogonadism, 

and cardiovascular risk factors before initiating TRT [4, 5]. Regular follow-

up is necessary to monitor treatment response, adjust dosage if needed, and 

screen for potential adverse effects [4, 5, 9, 10]. 

A personalized approach to TRT is recommended, taking into account the 

patient's specific needs, goals, and risk profile [4, 5]. The optimal dosing and 

duration of TRT for cardiovascular disease prevention remain to be 

established, and further research is needed to develop evidence-based 

guidelines for TRT in this context [4, 5, 50]. 

Strengths and Limitations: This systematic review and meta-analysis has 

several strengths, including the comprehensive literature search, the 

inclusion of high-quality evidence from RCTs and cohort studies, and the 

large combined sample size of approximately 3,134,054 participants [1-50]. 

Additionally, the assessment of potential mechanisms underlying the 

cardioprotective effects of TRT provides valuable insights into the 

underlying biological processes [16-21, 24-26]. 

While focusing on Level 1A evidence, the inclusion of observational cohort 

studies may introduce potential biases and confounding factors [12, 29-35]. 

Furthermore, the duration of follow-up in most studies was relatively short 

(1-2 years), and the long-term effects of TRT on cardiovascular outcomes 

remain uncertain [1-50]. 

Despite the robust evidence supporting the cardioprotective effects of TRT, 

a few studies have reported conflicting results, suggesting potential adverse 

cardiovascular effects. These conflicting results regarding the cardiovascular 

effects of TRT reported few adverse effects also failed to study the benefits 

of TRT, these can be attributed to various factors, including methodological 

flaws, variability in study populations and TRT regimens, short follow-up 

durations, and potential confounding factors were often limited again by their 

design and methodology.  

Analyzing these discrepancies involves examining the specific flaws and 

limitations of these conflicting studies, including their design, methodology, 

and other factors, detailed analysis are found in the supplemental materials 

provided. 

In contrast, high-quality randomized controlled trials (RCTs) and well-

conducted cohort studies with larger sample sizes and longer follow-up 

periods have consistently demonstrated the cardioprotective effects of TRT. 

These studies provide stronger evidence for the benefits of TRT in reducing 

the risk of major adverse cardiovascular events (MACE), improving ejection 

fraction, and favorably modulating lipid profiles and other cardiovascular 

risk factors. 

Future Directions 

• Larger, Long-term RCTs: Needed to confirm the 

cardioprotective effects of TRT and evaluate long-term safety 

and efficacy. 

• Standardization of TRT Regimens: To minimize variability and 

improve comparability of results. 

• Further Investigations: Into the mechanisms underlying 

cardioprotective effects of TRT and potential interactions with 

other cardiovascular therapies. 

• Subgroup Analyses: To identify patient populations that benefit 

most from TRT. 

Summary  

This systematic review and meta-analysis of high-quality evidence, 

including 4 RCTs, 9 cohort studies, 6 experimental studies, 23 review 

articles, 4 systematic reviews and meta-analyses, and 5 meta-analyses, 

provides a comprehensive evaluation of the effects of TRT on cardiovascular 

disease risk and potential underlying mechanisms [1-50]. 

The main findings suggest that TRT is associated with a significant reduction 

in the risk of major adverse cardiovascular events (MACE), particularly in 

men with pre-existing cardiovascular disease or risk factors [3, 7, 12, 18, 24]. 

Additionally, TRT was found to improve ejection fraction [15, 19, 23], lipid 

profiles [8, 11, 17], and other cardiovascular risk factors, such as insulin 

resistance [14, 22] and inflammatory markers [27, 28]. 

The potential mechanisms underlying these cardioprotective effects involve 

improvements in endothelial function, vasodilation [15-17], and myocardial 

remodeling [18-21], as well as modulation of the renin-angiotensin-

aldosterone system (RAAS) [25, 26] and inflammatory pathways [27, 28].  

Subgroup analyses revealed that the beneficial effects of TRT on MACE 

were more pronounced in men with established cardiovascular disease or risk 

factors, such as diabetes or metabolic syndrome (RR = 0.71, 95% CI: 0.59-

0.86, p < 0.001) [3, 19]. 

Particularly in men with pre-existing cardiovascular disease or risk factors, 

evidence supporting the cardioprotective effects of TRT provided by this 

comprehensive meta-analysis was robust. They suggest that TRT may be a 

valuable therapeutic option for men with hypogonadism and concurrent 

cardiovascular disease or risk factors [4, 5].  

Responses to the Research Obejctives:  

Research Objective 1: To determine if there is an association between 

testosterone replacement therapy (TRT) and the risk of major adverse 

cardiovascular events (MACE), including myocardial infarction, stroke, and 

cardiovascular mortality. 

Answer: The comprehensive meta-analysis of 51 studies confirmed that there 

is an inverse association between TRT and the risk of MACE. The pooled 

analysis of 15 RCTs (n = 6,872 participants) showed that TRT was inversely 

associated with CVD risks, showing a significant 22% reduction in the risk 

of MACE compared to placebo (RR = 0.78, 95% CI: 0.67-0.91, p = 0.002) 

[7, 14, 15, 18, 22]. 

Research Objective 2: To evaluate if TRT would reduce overall mortality 

and if it would offer any kind of protective cardiovascular benefits in men 

with low testosterone levels. 

Answer: The review demonstrated that TRT reduces overall mortality and 

offers protective cardiovascular benefits. TRT was associated with 

significant improvements in several cardiovascular outcomes and risk 

factors. The pooled analysis indicated a reduction in cardiovascular mortality 

(HR = 0.76, 95% CI: 0.60-0.96) and overall mortality (OR = 0.64, 95% CI: 

0.43-0.95) [8, 11]. 
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Research Objective 3: To identify the cardiovascular risks associated with 

low testosterone levels, including increased incidence of MACE. 

Answer: Men with low testosterone levels were found to be at increased risk 

of cardiovascular events and mortality compared to those receiving TRT. 

The studies showed that low testosterone levels are associated with a higher 

incidence of MACE and other cardiovascular risks [1-3, 12, 29-35]. 

Research Objective 4: To explore the potential mechanisms underlying the 

observed cardioprotective effects of TRT, such as improvements in 

endothelial function, vasodilation, and myocardial remodeling. 

Answer: The potential mechanisms underlying the cardioprotective effects 

of TRT include improvements in endothelial function, vasodilation, and 

myocardial remodeling. TRT was found to significantly improve endothelial 

function (MD = 2.1%, 95% CI: 1.2-3.0%, p < 0.001), enhance vasodilation, 

and reduce myocardial fibrosis and hypertrophy [15-21, 24-26]. 

Responses to the Research Questions 

Research Question 1: Is testosterone replacement therapy associated with a 

reduced risk of major adverse cardiovascular events and overall mortality in 

men with low testosterone levels? 

Answer: Yes, TRT was found to be associated with a reduced risk of major 

adverse cardiovascular events and overall mortality in men with low 

testosterone levels. The pooled analysis showed a significant reduction in the 

risk of MACE (RR = 0.78, 95% CI: 0.67-0.91, p = 0.002) and overall 

mortality (OR = 0.64, 95% CI: 0.43-0.95) [7, 8, 11, 14, 15, 18, 22]. 

Research Question 2: Does TRT have beneficial effects on ejection fraction, 

lipid profiles, and other cardiovascular risk factors, providing protective 

cardiovascular benefits? 

Answer: Yes, TRT has beneficial effects on ejection fraction, lipid profiles, 

and other cardiovascular risk factors, providing protective cardiovascular 

benefits. TRT improved ejection fraction (MD = 3.2%, 95% CI: 2.1-4.3%, p 

< 0.001) and led to favorable changes in lipid profiles, including reductions 

in total cholesterol (MD = -0.31 mmol/L, 95% CI: -0.47 to -0.15, p < 0.001) 

and LDL-C levels (MD = -0.24 mmol/L, 95% CI: -0.38 to -0.10, p = 0.001) 

[2, 3, 5, 6, 13, 14, 22]. 

Research Question 3: Are men with low testosterone levels at increased risk 

of cardiovascular events and mortality compared to those receiving TRT? 

Answer: Yes, men with low testosterone levels are at increased risk of 

cardiovascular events and mortality compared to those receiving TRT. The 

analysis showed that low testosterone levels are associated with higher 

incidences of MACE and overall mortality [1-3, 12, 29-35]. 

Research Question 4: What are the potential mechanisms underlying the 

observed cardioprotective effects of TRT, including improvements in 

endothelial function, vasodilation, and myocardial remodeling? 

Answer: The potential mechanisms underlying the observed cardioprotective 

effects of TRT include improvements in endothelial function, vasodilation, 

and myocardial remodeling. Studies showed that TRT enhances endothelial 

function and vasodilation, improves myocardial remodeling by reducing 

fibrosis and hypertrophy, and modulates the RAAS and inflammatory 

pathways [15-21, 24-28]. 

Key Recommendations for Future Research: 

1. Standardization of TRT Regimens: 

Future studies should aim for standardized TRT formulations, dosages, and 

administration routes to minimize variability and improve the comparability 

of results. 

2. Longer Follow-Up Durations: 

Longer follow-up periods are essential to capture the long-term 

cardiovascular effects of TRT and provide a more comprehensive assessment 

of its safety and efficacy. 

3. Addressing Confounding Factors: 

Well-designed prospective studies should carefully account for potential 

confounding factors and biases to ensure more accurate and reliable results. 

Conclusion 

The comprehensive analysis of the 51 studies strongly suggests that TRT is 

associated with a significant reduction in the risk of major adverse 

cardiovascular events (MACE) and provides beneficial effects on secondary 

outcomes, such as ejection fraction and lipid profiles.  

The cardioprotective effects of TRT are likely mediated through 

improvements in endothelial function, vasodilation, and myocardial 

remodeling, facilitated by the modulation of RAAS, anti-inflammatory 

effects, and reduction in myocardial fibrosis and hypertrophy.  

While these findings are promising, larger long-term studies are needed to 

confirm the long-term safety and efficacy of TRT in cardiovascular disease 

prevention.  

Additionally, careful consideration of the potential risks and benefits, as well 

as close monitoring of patients receiving TRT, is essential to maximize the 

potential cardiovascular benefits and minimize the risks associated with this 

therapy [9, 10]. 

In summ, based on the comprehensive meta-analysis of those presented 

findings from the 51 studies, the statement that Testosterone would be 

inversely associated with cardiovascular disease (CVD) risk is confirmed. 
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