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Objective: The objective of this study was to evaluate major adverse cardiovascular events in erectile dysfunction (ED) patients who
received testosterone replacement therapy (TRT) compared with those who did not.

Materials and Methods: From January 2012 to October 2021, we collected the retrospective data of patients with ED at
Ramathibodi Hospital. We divided the patients into two groups: those who received TRT (TRT group) and those with normal
testosterone levels and therefore not requiring TRT (non-TRT group). The patients’ baseline clinicodemographic data were collected.
Major adverse cardiovascular events, including cardiovascular death, ST- and non-ST-elevation myocardial infarction, hospitalization
from congestive heart failure, transient ischemic attack, and ischemic stroke, were collected and analyzed within 2 years after
treatment in all groups.

Results: Of the 221 patients, 111 were in the TRT group and 110 were in the non-TRT group. In the non-TRT group, one event each
of the following occurred: myocardial infarction, transient ischemic attack, and stroke. In the TRT group, no major cardiovascular
event occurred during the 2-year follow-up period. However, no significant difference in major cardiovascular events was noted
between the two groups (p = 0.314).

Conclusion: TRT in ED patients with testosterone deficiency does not increase adverse cardiovascular events when compared with
ED patients with normal testosterone level.
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Introduction

Erectile dysfunction (ED) is a condition in which the penis does not become sufficiently rigid for sexual intercourse. In
2002, approximately 37.5% of Thai men aged 40-70 years had this condition, amounting to 3 million people across the
country.! One study in 2006 found that 38.5% of Asian people had this condition and that the prevalence of ED was
rising with increasing aging.”

There are many contributing factors to ED. One of the most common concomitant endocrine conditions is hypogo-
nadism or testosterone deficiency, which is found in 33% of patients with ED.? The causes of ED and testosterone
deficiency are usually multifactorial and share the same risk factors as cardiovascular disease.” Signs and symptoms of
testosterone deficiency are decreased libido, ED, fatigue, anemia, decreased bone density, and depression.5

Testosterone replacement therapy (TRT) has many forms, including intramuscular, subcutaneous, transdermal, buccal,
and oral formulations.® Currently, TRT is becoming more common in aging hypogonadal men. It is increasingly being
used in the US, and in 2011, its use was three times higher than in 2001.” In the UK, TRT usage increased by 90%
between 2001 and 2011.* Overall, TRT is safe and significantly improves patient symptoms. However, there are some
possible adverse effects, including erythrocytosis, obstructive sleep apnea, gynecomastia, acne, aggravation of urinary
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symptoms in large prostate patients, and infertility.”'* Because erythrocytosis is one of the side effects of TRT, there are
some concerns about adverse cardiovascular events during TRT.

Many studies have been conducted to evaluate this potential risk, but they have had conflicting results. Basaria et al
reported in 2010 that TRT in old-age men had a higher rate of cardiac events compared with the placebo group.'' However,
recent meta-analyses on this related topic have not found a significant association between TRT and cardiovascular risk.'*"?
Even the American Urological Association’s (AUA) 2018 guidelines were unable to conclude this relationship.'* Therefore,
many researchers have realized the importance of this matter, and more clinical studies are still required to confirm the
cardiovascular safety of TRT in hypogonadal men. In this study, we evaluated the major adverse cardiovascular events in
patients with ED who received TRT for the treatment of concomitant hypogonadism and compare them with those in patients

with ED who had a normal testosterone level.

Methods and Materials

Patient Population

We conducted a retrospective cohort study between January 2012 and October 2021 at Ramathibodi Hospital, Bangkok,
Thailand, including patients with ED with a history of at least 2 years of follow-up who have available data on baseline and
follow-up testosterone levels. Erectile dysfunction (ED) can be defined as a persistent or recurrent inability to achieve and/or
maintain an adequate penile erection for sexual satisfaction and satisfactory sexual performance.'® Patients who did not have
a testosterone level prior to ED treatment and who had used TRT before January 2012 were excluded. We divided the
patients with ED into two groups: those with low testosterone levels who received TRT (the TRT group) and those with
normal testosterone levels not requiring TRT (the non-TRT group). The principles of the Helsinki Declaration were followed
during the study, and the confidentiality of the patients’ data was guaranteed. All protocols were approved by the Human
Research Ethics Committee, Faculty of Medicine Ramathibodi Hospital, Mahidol University.

Baseline Characteristics and Pretreatment Parameters

The following data were collected from all patients at the beginning of ED treatment: age, body weight (kg), height (cm),
body mass index (BMI), underlying disease, current medications, history of smoking and alcohol drinking, vital signs at
the second visit, IIEF 5 score, EHS score, prostate-specific antigen (PSA) level, testosterone level, fasting blood sugar
(FBS), lipid profile, blood urea nitrogen (BUN), creatinine, and hematocrit level.

Testosterone Replacement Therapy

Testosterone deficiency was diagnosed as morning serum total testosterone level of <300 ng/dL. Testosterone
deficiency is characterized not only by low testosterone production but also by the presence of symptoms or signs
associated with low serum total testosterone levels."* In this study, three formulations of TRT were used:
transdermal testosterone gel, intramuscular testosterone undecanoate, and oral testosterone undecanoate (although
this has not been available in Thailand since 2017). The choice of medication depended on the patient’s
preferences. The testosterone level was monitored, and the dosage was adjusted according to the patient’s
testosterone level. Each group was administered a PDES inhibitor as the treatment of ED.

Posttreatment Outcome
Major adverse cardiovascular events, including cardiovascular death, ST- and non-ST-elevation myocardial infarction,
unstable angina, hospitalization with congestive heart failure, transient ischemic attack, and ischemic stroke, within 2
years of treatment were collected from the medical records for both groups. BMI and laboratory parameters, including
testosterone level, PSA, hematocrit, FBS, lipid profile, BUN, and creatinine, during 2 years after treatment were collected
to compare other covariate factors.

In our practice, the goal of testosterone treatment is to maintain levels within the mid-normal range (350—750 ng/mL.).
We did not collect data comparing different testosterone formulations. Instead, we monitor testosterone levels, adjust
dosages, and occasionally change formulations to ensure levels remain within the appropriate range.
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Statistical Analysis

Quantitative data are presented as median (IQR) as appropriate, and categorical data are presented as counts and
percentages. Quantitative variables were compared between groups using the independent ¢ test, and categorical variables
were compared between groups using the chi-square test. Comparison between the first clinical lab and follow-up over 2
years for the TRT group was done using the Wilcoxon signed-rank test. Interpretation of the odds ratio was done using
logistic regression analysis on accepting factors affecting the participation rate of clinical events. P < 0.05 was considered
statistically significant. STATA version 14.1 (STATA Corp., Texas, USA) was used for all statistical analyses.

Results

Two hundred and sixty patients with ED were found to have been treated between January 2012 and October 2021, of whom
137 were in the testosterone deficiency with TRT group. Following the exclusion of 26 patients due to prior treatment before
2012, 111 patients remained in this group. There were 123 patients with ED in the non-TRT group; after 13 patients were
excluded due to prior treatment before 2012, there were 110 patients in this group.

The demographic data are presented in Table 1. The baseline demographic data of patients in the testosterone
deficiency with TRT group and the non-TRT group were not significantly different in terms of median age, height, ED
duration, IIEF 5 score, EHS, heart rate, FBS, and cholesterol level. However, significant differences were noted in body
weight, BMI, systolic and diastolic blood pressure, obstructive sleep apnea, and antiulcerative drug usage (Table 1).

The baseline testosterone levels were 475 and 250 ng/dL in the non-TRT and TRT groups, respectively. Table 2
presents the laboratory test results after 2 years of treatment. There was a slight increase in FBS (100 vs 107, p = 0.039)

Table | Baseline Characteristics of the Study Population (n = 221) Stratified by Categories of
Baseline Testosterone Level

Variable Non-TRT TRT P-value
(n=110) (n=111)

Age (years); median (IQR) 63.2 (59.7, 69.8) | 62.5 (57.7, 68.4) 0.220

Body weight (kgs); median (IQR) 68 (62, 75) 73 (67, 80) <0.001

Height (cm); median (IQR) 165.6 (162, 170) 166 (164, 170) 0.378

Body Mass Index (kg/m?); median (IQR) 24.2 (22.6, 27.1) | 26.3 (24.5, 28.3) <0.001

ED duration (months); median (IQR) 12 (5, 24) 12 (4, 36) 0.980

Underlying; n (%)

Hypertension 54 (49.1) 56 (50.5) 0.840
Diabetes mellitus 22 (20.0) 30 (27.0) 0.218
Dyslipidemia 53 (48.2) 57 (51.4) 0.638
Coronary artery disease 7 (6.4) 13 (11.7) 0.166
Obstructive sleep apnea 0 (0) 4 (3.6) 0.045
Benign prostatic hyperplasia 39 (35.5) 45 (40.5) 0.436
Obesity (BMI>30) 8(7.3) 12 (10.8) 0.359
Depression - - -

Prostate cancer 3(2.7) 1 (0.9) 0.309
Smoking 9 (10.2) 4 (7.8) 0.642
Drinking alcohol 25 (29.1) 16 (32.0) 0.720

(Continued)
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Table 1 (Continued).

Variable Non-TRT TRT P-value
(n=110) (n=111)
Medical drug received; n (%)
Antihypertension 40 (49.4) 43 (47.8) 0.834
Antipsycotic 33.7) 2 (22) 0.566
Antiulcer 2 (2.5) 9 (10.0) 0.045
Antidepressant 5 (6.2) 5 (5.6) 0.864
Antiandrogen - - -
Opiate 0 (0) 3(33) 0.097
Cytotoxic drug - - -
Nitrate 0 (0) 1 (1.1) 0.341
5 alpha reductase inhibitor 5(6.3) 3(3.3) 0.362
IIEF-5 score; median (IQR) 13 (9.5, 17) 13.5 (10, 16) 0.823
Erectile Hardness Score; median (IQR) 2(2,3) 3(23) 0.055
Heart Rate (beats/minute); median (IQR) 77 (70, 88) 80 (72, 89) 0.126
Systolic Blood Pressure (mmHg); median (IQR) 133 (122, 146) 127 (117, 139) 0.007
Diastolic Blood Pressure (mmHg); median (IQR) 78 (73, 84) 75 (70, 80) 0.021
Table 2 Changes in Testosterone Level and Other Parameters from Baseline (n = 221)
Clinical Lab Non-TRT TRT
(n=110) (n=111)
First Clinical Lab | Follow-Up 2 Years | P-value | First Clinical Lab | Follow-Up 2 Years | P-value
Clinical Lab; median (IQR)
Testosterone (ng/mL) 475 (283, 586) 518.5 (437.5, 683) 0.051 250 (196, 274) 355 (268, 497) <0.001
PSA (ng/mL) 1.3 (0.9, 23) 1.4 (0.9, 3.1) 0.214 1.1 (0.6, 1.7) 1.2 (0.6, 1.8) 0.005
FBS (mg/dl) 100 (92, 113) 107 (94, 130) 0.039 107.5 (99, 126) 107 (97, 121) 0.061
Triglyceride (mg/dl) 100.5 (75, 140) 89 (80, 136) 0.209 171 (145, 230) 137 (97.5, 193.5) 0.050
Cholesterol (mg/dl) 196 (161, 223) 192.5 (165, 203) 0.132 204 (162, 235) 182 (151, 220) 0.170
LDL-C (mg/dl) 114 (88, 144) 113 (81, 131) 0.094 136 (89, 158) 112 (96, 142) 0.367
HDL-C (mg/dl) 51.5 (40, 59) 48.5 (40, 58) 0.540 36 (33, 46) 43 (36, 50) 0.493
BUN (mg/dl) 14 (12, 18) 15 (13, 16.5) 0.957 15 (14, 18) 16 (14, 18) 0.655
Creatinine (mg/dl) 109, I.1) 1 (09, 1.2) 0.471 1.1 (0.9, 1.3) 1 (09, 1.2) 0.944
Het (%) 41 (40, 43) 42 (40, 44) 0.623 43 (40, 45) 44 (41, 47) <0.001
Abbreviations: ED, erectile dysfunction; IIEF-5, international index of erectile function; PSA, prostate-specific antigen; FBS, fasting blood sugar; LDL, low-density

lipoprotein cholesterol, HDL, high-density lipoprotein cholesterol; BUN, blood urea nitrogen; Hct, hematocrit.
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in the non-TRT group. In the TRT group, testosterone level (250 vs 355, p < 0.001), PSA (1.1 vs 1.2 ng/mL, p = 0.005),
and Hct (43% vs 44%, p < 0.001) increased significantly after treatment. No significant between-group differences
were observed in other laboratory parameters. There was no evidence of erythrocytosis or polycythemia during the
treatment period.

The major adverse cardiovascular events are presented in Table 3. In the non-TRT group, there was one event each of
myocardial infarction, transient ischemic attack, and stroke. No major cardiovascular events occurred in the TRT group.
However, the between-group difference in the occurrence of major cardiovascular events was not significant (p = 0.314).
The patient with myocardial infarction had triple-vessel disease, and the event occurred 16 months after ED treatment.
This patient had a testosterone level of 780 ng/mL and well-controlled hypertension, and the initial lab results revealed
only untreated hypercholesterolemia (cholesterol 218 mg/dL, triglyceride (TG) 80 mg/dL, low-density lipoprotein
cholesterol (LDL) 147 mg/dL, high-density lipoprotein cholesterol (HDL) 47 mg/dL); otherwise, he was unremarkable.
In the patient with transient ischemic attack, the event occurred after 8 months of ED treatment. He had a testosterone
level of 1348 ng/mL and a history of smoking, and the initial lab results revealed untreated hypercholesterolemia
(cholesterol 237 mg/dL, TG 117 mg/dL, LDL 132 mg/dL, HDL 88 mg/dL). In the patient with ischemic stroke, the event
occurred 15 months after ED treatment. He had a testosterone level of 833 ng/mL and a history of prior hemorrhagic
stroke 10 years before treatment; otherwise, he was unremarkable.

The between-group differences in baseline demographics did not affect adverse cardiovascular events in this study.
Poisson regression analysis indicated a nonsignificant association. We observed that BMI, blood pressure, FBS, and

baseline Het were not significantly associated with adverse cardiovascular events (Table 4).

Table 3 Adverse Cardiovascular Events During 2 Years Follow-Up (n = 221)

Clinical Events Non-TRT TRT P-value
(m=110) [ (n=111)

Clinical Events During 2 years Follow-Up; n (%)

Cardiovascular death - - -

Myocardial infarction 1 (0.9) 0 (0) 0314

Unstable angina - - -

Congestive heart failure - — -

Transient ischemic attack I (0.9) 0 (0) 0.314

Stroke 1 (0.9) 0 (0) 0314

Table 4 Odds Ratio for Total Clinical Events (n = 221)

Characteristics and Clinical Lab | Odds Ratio 95% ClI P-value
Body mass index (kg/m2) 0.84 0.58 to 1.21 0.339
Systolic blood pressure (mmHg) 1.05 0.97 to 1.14 0.192
Diastolic blood pressure (mmHg) 1.12 0.99 to 1.25 0.056
Fasting blood sugar (mg/dl) 0.92 0.79 to 1.06 0.237
Hematocrit (%) 0.96 0.72 to 1.28 0.780
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Discussion
TRT has become more popular among aging men during the past decade.” TRT offers many benefits for men with
hypogonadism, such as improvement of erectile function, sexual desire, anemia, and bone mineral density.'* However,
TRT and cardiovascular risk remain controversial issues. In 2015, the US Food and Drug Administration warned that TRT
may increase the risk of heart attack and stroke.'® Nevertheless, many clinical studies have confirmed the benefits of TRT on
cardiovascular risk.'>'* The 2018 AUA and Endocrine Society guidelines could not draw a conclusion in this regard.'*'’
Furthermore, the data are limited, especially in Asian populations.

Testosterone is a male sex hormone that also plays a role in the cardiovascular system, including systemic and
coronary vasodilation,'® increasing Het levels,'® the expression of platelet thromboxane A2 receptors, and the promotion

° positively inotropic effects on cardiomyocytes;>' and shortened QT interval on an

of platelet aggregation;’
electrocardiogram.?” Basaria et al reported in 2010 that TRT in old-age men had a higher rate of cardiac events compared
with the placebo group,'" although the primary objective of this study was not to evaluate adverse cardiovascular events.
Furthermore, the study tended to terminate early, and the investigators stated that the cardiovascular events that occurred
might have occurred by chance.'' Several clinical studies have indicated that TRT may increase cardiovascular risk.*>**
However, most of these studies had limitations, especially due to their retrospective design, short follow-up period, and
lack of a true control group.?

By contrast, the results from the Testosterone Trials, which used a prospective randomized placebo control study design in
old-age men, indicated no significant difference in major cardiovascular events between the two groups.”® Various studies
have shown a possible beneficial effect or no significant association between TRT and cardiovascular risk.?”?® Furthermore,
data from recent meta-analyses similarly demonstrated that TRT does not increase cardiovascular risk.'*'>**3

Patients with ED may have concomitant testosterone deficiency. TRT offers several benefits in ED patients. TRT improves
erectile function, sexual activity, hypogonadal symptoms, and sexual desire. Additionally, other sexual function parameters,
including intercourse, orgasm, and overall satisfaction, are also enhanced. Furthermore, combination therapy of TRT with
a PDES inhibitor is superior to PDES inhibitors alone in improving erectile function. In other domains, TRT improves body
composition, insulin resistance, depressive symptoms, and bone mineral density, which may benefit in elderly patients.>'~*

We evaluated cardiovascular risk in patients with ED who had hypogonadism and received TRT. In our study, no
major adverse cardiovascular event occurred in the patients with ED who had low testosterone and received TRT. The
major cardiovascular events that occurred in this study were not different than that in the non-TRT group. Our results
support the cardiovascular safety identified in recent meta-analyses. From this result, we can imply that normalized
testosterone levels in ED patients who have low testosterone levels will not increase cardiovascular risk compared with
ED patients who have normal testosterone level.

We observed that the baseline characteristics of patients in the TRT group had a higher cardiovascular risk (higher
body weight, BMI, cholesterol, and LDL level). However, there was no incidence of a major adverse cardiovascular
event during 2 years of follow-up in the TRT group. We identified only three major cardiovascular events, and all of these
events were in the non-TRT group. Our study found that hematocrit increased slightly from 43% to 44% during TRT, but
this level does not meet the criteria of erythrocytosis. This might explain why we do not have cardiovascular events in the
TRT group. We believe that the proper diagnosis of testosterone deficiency before starting treatment and hematocrit
monitoring are necessary to prevent cardiovascular events during TRT.

The data from recent meta-analyses indicated no significant association between TRT and major cardiovascular
events.?”*%* However, most clinical studies included in these meta-analyses had some limitations, such as heterogeneity
of the cutoff value of low testosterone, short follow-up duration, bias of the selected population, and impact of funding.
Furthermore, most clinical studies included mostly non-Asian populations, which may have had different demographics. We
believe that more clinical studies in various populations with long-term follow-up are still necessary to further confirm
cardiovascular safety during TRT.

The strength of this study is that the diagnoses of testosterone deficiency were valid, based on the patients’ symptoms and
signs of testosterone deficiency. All patients had baseline and follow-up testosterone level. Although this was a retrospective

study, all the data were collected from real outpatient visits and not based on prescriptions or insurance claim forms. Moreover,
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all of the patients in this study were patients with ED. Our results reflect the real-life situation in which most testosterone
deficiency patients are patients with ED who are seeking treatment. Furthermore, Corona et al reported that most adverse
cardiovascular events occurred within 2 years of TRT.?” Therefore, we collected 2 years of results after TRT, which is long
enough to see the effect of TRT on cardiovascular risk.

This study has several limitations. First, it is a retrospective study. The patients’ baseline demographics between the two
groups were different in body weight, BMI, obstructive sleep apnea, and blood pressure. Second, we do not routinely evaluate
free testosterone or sex hormone binding globulin level in our clinical practice, precluding the evaluation of these parameters.
Third, we had a small number of testosterone deficiency patients without TRT (only six patients). We could not directly
compare adverse cardiovascular events between treated and untreated hypogonadism patients due to the small number of
patients in the untreated hypogonadism group. Therefore, we used ED patients with normal testosterone level as a control
group. In addition, we had only three major cardiovascular events in this study, and there were only 9% of patients who had
a history of coronary artery disease. In fact, the patients with ED in our cohort usually took phosphodiesterase 5 inhibitors,
which usually require stable cardiovascular status before starting medication, for their ED treatment. Therefore, the outcomes
may have been different if we had a greater sample size or more cardiovascular disease patients in the study. Further
prospective randomized placebo control studies with a higher case volume are still required to confirm our findings.

Conclusion

TRT does not increase adverse cardiovascular events in patients with ED with testosterone deficiency compared with
patients with ED with normal testosterone level. The results of this study confirm the cardiovascular safety of TRT,
especially when there has been proper diagnosis of testosterone deficiency and treatment monitoring during TRT. Further
randomized, prospective studies are required to elucidate this finding.
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