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Exploring the bidirectional link
between erectile dysfunction and
10-year cardiovascular risk in men
with diabetes and hypertension

Hai Nguyen Ngoc Dang®%7, Thang Viet Luong®?, Anh Kiem Pham*, The Trung Le”,
Nhan Duc Le%, Hung Minh Nguyen®, Tien Anh Hoang? & Binh Anh Ho3"**

Erectile dysfunction (ED) shares common risk factors with cardiovascular (CV) disease, such as a
sedentary lifestyle, obesity, and metabolic syndrome. However, the relationship between ED and

CV risk in Vietnam remains unknown. To investigate this, we conducted a multi-center observational
study, randomly selecting 2,936 men aged 40 to 69 years in Vietnam, with 385 participants included
after exclusions. The study evaluated the 10-year CV risk using the Systematic Coronary Risk
Evaluation 2-Diabetes (SCORE2-Diabetes) score and assessed ED using the International Index of
Erectile Function (IIEF-5) score. Results showed that men with diabetes mellitus and hypertension had
significantly lower IIEF-5 scores compared to healthy individuals (18 [15-22] vs. 23 [20-24], p<0.001).
Additionally, the IIEF-5 score proved effective in identifying patients at very high CV risk, with an area
under the curve (AUC) of 0.747, a cutoff point of 18.5, sensitivity of 69.6%, and specificity of 69.9%.
Furthermore, we found a significant inverse correlation between SCORE2-Diabetes and IIEF-5 (p =
-0.45 and p<0.001). These findings establish a significant connection between ED and CV risk in men
with diabetes, underscoring the need for integrated screening and management strategies to address
both conditions concurrently.

Keywords Erectile dysfunction, Cardiovascular risk, Diabetes mellitus, Hypertension, SCORE2-Diabetes,
IIEF-5

Sexuality constitutes an indispensable facet of human existence, encompassing both the physiological processes
pertinent to procreation and the experiential dimensions associated with pleasure. The multifaceted nature of
human sexual function involves an intricate interplay between physiological and psychological factors, rendering
it a subject of considerable complexity'. The significance attributed to sexual health and the attainment of
gratification within one’s sexual life underscores its pivotal role in overall quality of life>. In males, sexual activity
entails a coordinated interplay between cerebral arousal mechanisms and subsequent physiological responses,
culminating in the requisite penile erection for successful copulation®. The extant literature has underscored the
salutary effects of regular sexual engagement on psychological well-being and the maintenance of both relational
and sexual health?. Moreover, satisfactory sexual intercourse correlates with favorable hormonal profiles, such
as increased testosterone production, and leads to improvements in physical health, including enhanced
cardiovascular (CV) function and muscle tone. Psychologically, it reduces stress, anxiety, and depression,
promoting emotional well-being and mental clarity. These combined effects contribute to better overall health,
reinforcing the role of sexual activity in maintaining both physical and psychological resilience”.

Findings derived from the National Social Life, Health, and Aging Project revealed a positive correlation
between a heightened frequency of sexual activity and a reduced risk of CV events among males in later life
stages®. This relationship is further supported by analyses from the National Health and Nutrition Examination
Survey in the United States (2005-2016), where 15,629 American adults were studied, showing that those
engaging in sexual activity more than 52 times annually had a 21% lower risk of mortality from heart disease
and a 49% reduction in all-cause mortality’. Additionally, one specific study highlights the long-term survival
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benefits of regular sexual activity following myocardial infarction. Maintaining or increasing sexual activity
in the months following myocardial infarction was associated with a marked reduction in all-cause mortality
and a substantial decrease in non-CV mortality®. These findings suggest that regular sexual activity may offer
protective CV benefits, possibly through enhanced physical fitness, mental health, and improved circulatory
function.

However, nearly one-third of men within the sexually active age bracket are unable to derive benefits from
sexual activity due to experiencing sexual dysfunctions®!°. Various etiological factors contribute to sexual
dysfunction in men, each possessing distinct risk profiles and therapeutic modalities'!. The Second International
Consultation on Erectile and Sexual Dysfunctions has delineated and cataloged male sexual dysfunction,
encompassing erectile dysfunction (ED), ejaculation disorders, orgasmic dysfunctions, and disorders of sexual
interest/desire!2. Among these, ED has emerged as one of the most prevalent male sexual dysfunctions™!>!%,

Given its deleterious impact on men’s quality of life and its heightened prevalence with advancing age
(affecting 40% of men aged between 40 and 70 years), ED has garnered considerable attention across diverse
disciplinary domains, ranging from urology, andrology, and neuropharmacology to regenerative medicine,
vascular surgery, and prosthesis implantation'®. However, recent studies have highlighted an increasing interest
among internal medicine practitioners regarding ED concerns. Notably, the risk factors associated with ED,
such as a sedentary lifestyle, obesity, smoking, hypercholesterolemia, and metabolic syndrome, closely mirror
those implicated in cardiovascular disease (CVD)!°. Mounting evidence underscores the robust predictive value
of ED for CV events, with numerous studies demonstrating that ED can precede major adverse CV events by
several years. This early manifestation provides a valuable window for intervention. A meta-analysis has shown
that ED is independently associated with an increased risk of all-cause mortality and CV mortality, regardless
of traditional risk factors. Early detection of ED could thus facilitate timely management and risk mitigation
strategies, potentially reducing the likelihood of subsequent CV events!”~1°.

However, compelling evidence linking ED to CV risk, particularly within the Vietnamese population, remains
limited, primarily due to the cultural nuances surrounding sexual intercourse and ED, which often shroud these
topics in secrecy. Therefore, we conducted a study to assess the relationship between 10-year CV risk and ED
among men with diabetes mellitus (DM) and hypertension (HP) in Vietnam.

Methods

Study population

In this study, given the large and difficult-to-define target population, Cochran’s formula (1977) was applied to
estimate the sample size. The formula used was n = (Za)2 X (p X q)/d2, where p represents the prevalence of
diabetes (approximately 6% in Vietnam?®), q is the complement of the prevalence (1 - p), d is the margin of error,
and Za corresponds to a 95% confidence level (1.96). Based on this, #=1.96 X 1.96 X (0.06 X 0.94)/0.05 X 0.05 =87,
indicating that the minimum sample size required per sampling site was 87 participants.

This cross-sectional study was conducted from April 2022 to August 2023, involving 2,936 aged 40 to 69
years who were randomly selected for the study from two healthcare centers: Kien Giang General Hospital in
Southern Vietnam and Da Nang General Hospital in Central Vietnam. Following exclusion criteria, the study
included 385 participants, comprising 235 male type 2 DM patients and 150 healthy males without a history of
disease who attended regular health checkups, serving as the control group. The flowchart illustrating the study’s
sample collection and subgroup allocation is shown in Supplementary Fig. S1. Diagnosis of DM was based on
the guidelines of the American Diabetes Association and the European Association for the Study of Diabetes or
by receiving treatment with glucose-lowering pharmacotherapy?!.

The exclusion criteria for this study were as follows: (1) patients in the acute phase of disease, including
acute heart failure, acute liver failure, infection, increased intracranial pressure, hypertensive crisis, diabetic
ketoacidosis, or the acute phase of chronic obstructive pulmonary disease; (2) patients with chronic diseases
such as cirrhosis, hepatitis, stage IV or higher chronic kidney disease, nephrotic syndrome, thyroid disorders,
adrenal disorders, cancer, or chronic lung disease were also excluded; (3) patients with any CV conditions that
could prevent the accurate assessment of the 10-year CV risk, including coronary artery disease, cerebrovascular
disease, aortic aneurysm, peripheral artery disease, or those receiving antithrombotic treatment, were not
included; (4) patients with a history of penile trauma, pelvic fracture, urological surgery, or pelvic or sacral
trauma; and (5) individuals using medications affecting ED, such as antidepressants (selective serotonin
reuptake inhibitors, tricyclic antidepressants), antipsychotics (neuroleptics), androgen suppression agents
(GnRH agonists and antagonists, 5-ARIs), antihypertensive medications (beta blockers, thiazide diuretics),
or stimulants (heroin, cocaine, marijuana, methadone, synthetic steroids), were excluded. Subsequently, 235
consecutive patients diagnosed with type 2 DM were recruited and categorized into two cohorts—DM without
HP (DM-HP) (n=96) and DM with HP (DM + HP) (n=139)—based on the presence or absence of concurrent
HP. HP was diagnosed through either the use of antihypertensive medication or clinical assessment, with blood
pressure measurements meeting the criteria of systolic blood pressure (SBP) > 140 mmHg and/or diastolic blood
pressure (DBP) >90 mmHg on at least two separate occasions.

Clinical data

We collected clinical variables, family history, medication use, and other risk factors directly from medical
records, while standardized questionnaires were administered to participants through face-to-face interviews.
The following data were collected: (1) Age: Calculated by subtracting the participant’s birth year from the
survey year. (2) Personal medical history: inquiry regarding any history of internal diseases such as DM, HP,
hyperlipidemia, or obesity. (3) Smoking history was recorded as a yes or no regarding their smoking status. Male
participants who had abstained from smoking for more than ten years were categorized as nonsmokers?. (4)
Alcohol consumption history: patients who responded with either yes or no alcohol consumption. (5) Age at
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diabetes diagnosis. Other clinical data, such as body mass index (BMI), hip circumference, heart rate, SBP, and
DBP, were collected.

Laboratory measurements

Fasting venous blood specimens were analyzed using the Cobas E601 automated biochemical analyzer to
measure testosterone, glucose, hemoglobin A1C, total cholesterol (TC), triglycerides, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), non-HDL cholesterol, creatinine, and
estimated glomerular filtration rate (eGFR) using CKD-EPI 2021 (eGFR, mL/min per 1.73 m?)?*. The albumin
and urinary creatinine levels in morning urine samples were quantified to calculate the albumin/creatinine ratio
(ACR). Non-HDL-C was derived from total cholesterol and HDL-C values using the equation: non-HDL-C=TC
- HDL-C (mmol/L)%.

10-year cardiovascular risk calculator

CV risk was assessed using the SCORE2-Diabetes scale?>. The SCORE2-Diabetes tool for individuals aged 40 to
69 years was employed, considering variables such as sex, age, age at diabetes diagnosis, SBP, smoking status, TC,
HDL-C, HbA1C, and eGFR, and adjusted for the CV risk region in the population. The surveyed population was
classified into four CV risk groups based on the statistical rate of CV mortality per 100,000 people, aligned with
ESC 2021 recommendations: low risk (<100 CV deaths per 100,000 people), moderate risk (100 to <150 CV
deaths per 100,000 people), high risk (150 to <300 CV deaths per 100,000 people), and very high risk (>300 CV
deaths per 100,000 people)?. When selecting the model to assess CV risk using SCORE2-Diabetes, we followed
the Vietnam Society of Cardiology recommendations and opted for regions with high CV risk in clinical practice
in Vietnam?®.

The estimated CV risk (fatal and non-fatal) within ten years was calculated using the SCORE2-Diabetes
system, which was used to categorize the risk of CV events into low-moderate, high, and very high risk groups.
The interpretation of the results depends on the following cutoff risk levels: low-moderate CVD risk < 10%, high
CVD risk 10% to <20%, and very high CVD risk >20% *.

Evaluation and classification of erectile dysfunction

In our study, we utilized a Vietnamese-translated version of the abridged five-item version of the International
Index of Erectile Function (IIEF-5) (Supplementary Table S2) to assess ED, intending to enhance objectivity
in its evaluation and classification. Patients were provided detailed guidance on utilizing the IIEF-5 scale by
an independent urologist, after which they self-evaluated their scores. Subsequently, the severity of ED was
determined based on self-assessed IIEF-5 scores, which were categorized into five levels: severe (5-7 points),
moderate (8-11 points), mild to moderate (12-16 points), mild (17-21 points), and no (22-25 points)?. In this
study, individuals were considered to have ED if their IIEF-5 score ranged from 5 to 21 points.

Statistical analysis

Statistical analyses were conducted using SPSS Version 26 (IBM, New York, United States), MedCalc Software
Version 22.019 (MedCalc Software, Ostend, Belgium), and GraphPad Prism Version 10 (GraphPad Software,
Boston, United States). Data normality was assessed using the Kolmogorov-Smirnov tests. Normally distributed
continuous variables are presented as the mean + standard deviation, while nonnormally distributed variables
are presented as median values with interquartile ranges. Categorical variables are reported as frequencies and
percentages. Fisher’s exact test was utilized to evaluate intergroup differences in categorical variables. In contrast,
differences in continuous variables were assessed using either the unpaired T test or the Mann-Whitney U
test, as appropriate. One-way ANOVA with multiple comparisons was used for normally distributed data. The
Kruskal-Wallis test is a nonparametric test that compares three or more unmatched groups. Missing data were
excluded from the analyses. Differences in the IIEF5 scores between the DM + HP, DM-HP, and control groups
were compared by analysis of covariance after adjusting for age and BMI. Spearman’s correlation coeflicient (p)
and its corresponding p value were calculated to explore correlations between continuous variables. This study
employed receiver operating characteristic (ROC) analysis to determine the optimal cutoff value of the IIEF-5
score for detecting ED utilizing the Wilson/Brown method. The determination of the optimal cutoff point was
facilitated through Youden’s index. Furthermore, a ROC curve analysis was conducted, adjusting for age and
BML. The areas under the curves (AUCs) were compared using the Hanley and McNeil methods®. Multivariate
linear regression was utilized to explore the associations between clinical factors, SCORE2-Diabetes, and
IIEF-5. Before conducting the linear regression analysis, Box-Cox transformation transformed non-normally
distributed variables into normally distributed ones. Clinical confounders and variables exhibiting significance
(p<0.1) in the univariate analysis were incorporated into the multivariable model. A variance inflation factor
of five was applied to address multicollinearity among the univariate variables. All the statistical tests were two-
sided, with a significance level of <0.05.

Ethical approval

The study protocol garnered approval from the Ethics Committee of the Da Nang City Department of Health
(Approval number: 869/BVDN-HDYD) and the Hue University of Medicine and Pharmacy Ethics Council
(Approval number: H2022/869). Written consent was obtained from all patients or their legally authorized
representatives. The selection of participating centers adhered strictly to our protocol and conformed rigorously
to the principles delineated in the Declaration of Helsinki 2013.
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Results

Baseline characteristics

Our study included 385 participants divided into three groups: a DM with HP group (DM +HP, N=139), a
DM without HP group (DM-HP, N=96), and a control group (N=150). The results showed that the median
testosterone (nmol/L) values of the DM+ HP, DM-HP, and control groups were 13.2 [10.6-17.1], 14.9 [11.2-
19.9], and 17.5 [13.1-22.2], respectively, with p <0.001. Additionally, the DM +HP group had a lower median
IIEF-5 than the DM-HP and control groups, which were 18 [15-22], 22 [17-23], and 23 [20-24], respectively,
with p<0.001. The DM + HP group had a SCORE2-Diabetes of 17.6 [12.5-24.2], which was greater than that of
the DM-HP group (13.6 [9.3-20.0]). Further details are presented in Table 1; Fig. 1.

The association between erectile dysfunction and cardiovascular risk

The SCORE2-Diabetes values in the groups of patients without ED, with mild ED, with mild-moderate ED, with
moderate ED, and with severe ED were 12.3, 17.1, 20.8, 21.5, and 23.8, respectively, with statistically significant
differences (p < 0.05). Conversely, testosterone showed a decreasing trend from participants without ED to those
with severe ED (see Fig. 2). The IIEF-5 score demonstrated a decreasing trend in patients with low-moderate,
high, and very high CV risk (22, 20, and 16, respectively) (Fig. 3a). There was an inverse correlation between
SCORE2-Diabetes and IIEF-5, with p = -0.45 and p<0.001 (Fig. 4a). In contrast, a positive correlation was
observed between testosterone and IIEF-5 (p=0.43, p<0.001) (Fig. 4b). Additionally, an inverse relationship
was found between SCORE2-Diabetes and testosterone (p = -0.21, p=0.001) (Fig. 4c). Further details are
illustrated in Figs. 2, 3 and 4.

DM + HP DM-HP Control

(n=139) (n=96) (n=150) Pvalue
Baseline demographic and clinical features
Ages (years) 55.0 [51.0-59.0] | 53.5[49.0-57.0] | 54.0 [49.0-58.0] | 0.002*
BMI (kg/m?) 24.6+3.2 23.3+3.2 23.5+3.4 0.001**
Hip circumference (cm) 95 [92-100] 88 [84-94] 0.004
SBP (mmHg) 140 [130-150] 120 [110-130] <0.001
DBP (mmHg) 90 [80-90] 70 [70-80] <0.001
Duration of diabetes (years) | 7.0 [5.0-10.0] 4.5[2.5-7.8] <0.001
Smoking 57 (41.0) 45 (46.9) 0.422
Alcohol 101 (72.7) 68 (70.8) 0.770
Obesity 7 (5.0) 6(6.3) 0.214
Dyslipidemia 25 (18.0) 37 (38.5) 0.199
CKD 18 (12.9) 6(6.3) <0.001
Insulin use 19 (13.7) 12 (12.5) 0.664
Laboratory parameters
Glucose (mmol/L) 8.0 [6.7-10.1] 7.1 [6.4-8.9] 0.072
HbAIC (%) 7.4(6.3-8.8] 7.4 (6.5-8.6] 0.794
eGFR (ml/min/1.73m?) 62.1 [49.4-69.0] | 65.1 [58.2-75.0] 0.007
Cholesterol (mmol/L) 3.7 [3.2-4.6] 4.1[3.3-5.4] 0.038
Triglyceride (mmol/L) 2.1[1.3-3.1] 1.7 [1.3-3.2] 0.390
HDL-C (mmol/L) 0.9 [0.8-1.1] 1[0.8-1.2] 0.010
Non-HDL-C (mmol/L) 2.7 [2.3-3.6] 3.1[2.4-4.2] 0.087
LDL-C (mmol/L) 2.0 [1.6-2.6] 2.3 [1.6-3.3] 0.072
ACR (mg/g) 11.5 [4.3-38.5] | 5.9 [2.0-21.7] 0.002
Testosterone (nmol/L) 13.2 [10.6-17.1] | 14.9 [11.2-19.9] | 17.5 [13.1-22.2] | <0.001*
Erectile Dysfunction and Cardiovascular Risk
IIEF-5 score 18 [15-22] 22 [17-23] 23 [20-24] <0.001*
SCORE2-Diabetes 17.6 [12.5-24.2] | 13.6 [9.3-20.0] <0.001

Table 1. Baseline demographic and clinical features of the study cohort. *Kruskal-Wallis test; ** One-

way ANOVA; values are presented as the mean + standard deviation, median [Q25-Q75], or number (%)

as appropriate. DM diabetes mellitus, HP hypertension, SBP systolic blood pressure, DBP diastolic blood
pressure, BMI body mass index, CKD chronic kidney disease, HhA1C hemoglobin A1C, HDL-C high-density
lipoprotein cholesterol, Non-HDL-C non-high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol, eGFR estimated glomerular filtration rate, ACR albumin/creatinine ratio, IIEF-5 international
index of erectile function-5, SCORE2-Diabetes systematic coronary risk estimation for type 2 diabetes.
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Fig. 1. Comparison of IIEF-5, SCORE2-Diabetes, and testosterone values among the three study groups.
DM diabetes mellitus, HP hypertension, IIEF-5 International Index of Erectile Function-5, SCORE2-Diabetes
systematic coronary risk estimation for type 2 diabetes.

The value of the IIEF-5 and testosterone in predicting 10-year cardiovascular risk

The AUC values for the IIEF-5 score and testosterone concentration for predicting very high CV risk were 0.747
and 0.598, respectively. A statistically significant difference was found between their AUCs (p <0.05) using the
Hanley and McNeil methods. More details are provided in Fig. 5.

Univariate and multivariate regression analyses of the IIEF-5 score and SCORE2-Diabetes in
men with diabetes

Table 2 summarizes univariate and multivariate analyses of IIEF-5 scores among DM patients. The analysis of
factors associated with erectile function, measured by the IIEF-5 score, reveals that age, insulin use, obesity,
HP, and high CV risk are significantly linked to reduced erectile function in men with diabetes (p <0.05). In
particular, insulin use and high CV risk remained significant independent predictors of lower ITEF-5 scores even
after adjusting for other factors, with p values of <0.001 and 0.006, respectively.

Additionally, Table 2 also summarizes the results of both univariate and multivariable analyses conducted on
SCORE2-Diabetes among individuals with DM. Univariate regression revealed correlations between SCORE2-
Diabetes and insulin usage (B =0.376, p=0.001) and between SCORE2-Diabetes and ED ($=0.367, p <0.001)
in DM patients. Furthermore, multivariate analysis revealed that ED was an independent variable significantly
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Fig. 2. Comparison of the SCORE2-Diabetes and testosterone values among the erectile dysfunction groups.
SCORE2-Diabetes systematic coronary risk estimation for type 2 diabetes.
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associated with SCORE2-Diabetes (f =0.452, p<0.001) in individuals with DM. Further details are available in
Table 2.

Discussion

Erectile dysfunction and diabetes

Our study found that men with DM had significantly lower IIEF-5 score compared to the control group (Fig. 1a).
This finding aligns with the study by Corona et al., which reported that 1 in 5 men with DM experienced severe
ED?. Similarly, a recent meta-analysis indicated that more than half of the patients with DM experienced EDL.
Another report highlighted that individuals with DM had an approximately 3.5-fold greater incidence of ED
than those without DM?2

Additionally, our study demonstrated that testosterone concentrations in the DM group were significantly
lower than those in the control group (Fig. 1b), aligning with findings from a comprehensive meta-analysis.
A meta-analysis incorporating all prospective and cross-sectional studies comparing testosterone levels in
participants with or without DM also indicated that individuals with DM were at greater risk of having low
testosterone®*. Such findings are particularly important given the well-established role of testosterone in erectile
function. Reduced testosterone levels, as seen in many men with DM, contribute significantly to the development
of ED. Testosterone plays a crucial role in maintaining the normal physiology of the erectile process*..

Men with DM face a significantly greater risk of ED than those without DM. The etiology of ED in these
patients is multifactorial, involving both vascular and neural complications. Chronic hyperglycemia leads
to the accumulation of advanced glycation end products (AGEs) and the overproduction of reactive oxygen
species (ROS)**, which in turn cause endothelial dysfunction and damage to the vascular system®>*. This
vascular impairment reduces nitric oxide (NO) availability, a crucial molecule for smooth muscle relaxation
and vasodilation during penile erection®”. Additionally, diabetic conditions upregulate the RhoA/Rho-kinase
pathway, which promotes smooth muscle contraction and further inhibits the relaxation required for proper
erectile function. Furthermore, increased endothelin-1 (ET-1) levels contribute to vasoconstriction, exacerbating
the already compromised penile blood flow?”. Neuropathy, another complication of diabetes, disrupts the
normal neural signaling required for erection by impairing both the autonomic and somatic innervation of
penile tissue, reducing the body’s ability to induce and sustain an erection®”*. In addition to these vascular and
neurological factors, hypogonadism is prevalent in men with diabetes, further exacerbating ED**. Decreased
serum testosterone exacerbates endothelial function by reducing NO synthase activity and increasing the
expression of asymmetric dimethylarginine (ADMA), which inhibits NO synthesis. Hypotestosteronemia also
impacts insulin sensitivity in skeletal muscle through androgen receptor-mediated mechanisms, resulting in
reduced peroxisome proliferator-activated receptor y activity and impaired glucose metabolism™®. Since proper
glucose metabolism is essential for cellular energy production and overall vascular health, its impairment leads
to further vascular damage and reduced erectile function in men with diabetes.

Erectile dysfunction and hypertension
The diagnosis of HP increases the likelihood of experiencing ED, and conversely, ED can serve as an early
indicator of HP“C. The prevalence of ED is approximately twice as high in hypertensive patients as in those with
normal blood pressure?!.

In our study, men with diabetes with HP had a significantly lower IIEF-5 score than those without HP
(Fig. 1a). After adjusting for other risk factors, HP was identified as an independent factor affecting the IIEF-5
score in men with diabetes (Table 2). A recent study by Zheng Wang and colleagues indicated a positive causal
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Fig. 4. Correlation between erectile dysfunction and cardiovascular risk. Panel A: Correlation between
SCORE2-Diabetes and ITEF-5. Panel B: Correlation between testosterone and IIEF-5 score. Panel C:
Correlation between SCORE2-Diabetes and testosterone. IIEF-5 International Index of Erectile Function-5,
SCORE2-Diabetes systematic coronary risk estimation for type 2 diabetes.

relationship between HP and the risk of ED. Therefore, greater attention should be given to managing HP to
prevent or improve erectile function??.

HP and ED share a significant pathophysiological link primarily rooted in vascular dysfunction. In
individuals with HP, there is a heightened release of vasoconstrictive agents such as angiotensin IT (AngII),
endothelin 1 (ET-1), and aldosterone®’. These agents lead to impaired function of the endothelial cells lining
the blood vessels, including those responsible for blood flow to the corpus cavernosum, a critical structure for
penile erection. This endothelial dysfunction not only limits the ability of blood vessels to relax but also induces
a continuous contractile state in vascular and penile smooth muscle tissues. Such an imbalance in vasodilation
and vasoconstriction underlies both HP and ED. Elevated AnglI levels activate ROS, reducing NO availability,
which is essential for vasodilation and smooth muscle relaxation. This cascade promotes a procontractile state in
the vascular tissues, further exacerbating the difficulties in achieving an erection. Furthermore, aldosterone and
ET-1 contribute to this imbalance by promoting oxidative stress and inflammation, further damaging endothelial
cells and hindering NO production. Aldosterone, in particular, increases ROS production, while ET-1 enhances
smooth muscle contraction via calcium influx, creating a vicious cycle that worsens both hypertension and ED. In
hypertensive conditions, NO deficiency becomes a central issue, as NO is a crucial mediator of erectile function.
Reduced NO bioavailability impairs the relaxation of the smooth muscle in the corpus cavernosum, leading to
ED®. Recent evidence indicates that the innate immune system, mainly through Toll-like receptor 4 (TLR4),
plays a significant role in the pathophysiology of HP and ED by promoting oxidative stress and maintaining a
low-grade inflammatory state. Activation of TLR4 by AnglI leads to an increase in pro-inflammatory cytokines,
contributing to endothelial dysfunction and vascular remodeling, which are critical in both HP and ED. This
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Fig. 5. ROC curve illustrating the value of the IIEF-5 and testosterone in predicting 10-year cardiovascular
risk. IIEF-5 International Index of Erectile Function-5, AUC area under the curve.

Regression analyses of the IIEF-5 score

Univariable Multivariable
Factors

g P value | 95%CI g P value | 95%CI
Ages (years) -0.267 | <0.001 | -0.362 |-0.132 | -0.106 | 0.373 -0.273 | 0.103
Smoking 0.036 | 0.579 -0.987 | 1.762
Alcohol -0.004 | 0.956 -1.559 | 1.474
Insulin use -0.604 | <0.001 | -7.892 |-4.180 |-0.444 | <0.001 | -6.698 | -2.738
Dyslipidemia 0.061 | 0.606 -2.239 | 3.812
Obesity -0.275 | 0.017 -6.492 | -0.664 | -0.192 | 0.057 -5.672 | -0.222
Hypertension -0.280 | 0.004 -3.381 | -0.657 |-0.226 | 0.044 -6.216 | -1.407
High CV risk -0.298 | <0.001 | -5.927 |-3.299 |-0.291 | 0.006 -6.222 | -1.508
CKD -0.171 | 0.143 -12.229 | 1.804
Regression analyses of SCORE2-Diabetes
Alcohol 0.032 | 0.629 -2.356 | 3.888
Insulin use 0.376 | 0.001 2.768 10.246 | 0.116 | 0.346 -2.210 | 6.227
Dyslipidemia 0.036 | 0.757 -4.43 6.063
Obesity 0.108 | 0.358 -2.797 | 7.641
Hypertension 0.150 | 0.021 0.505 6.181
Erectile dysfunction | 0.367 | <0.001 | 5.474 10.796 | 0.452 | <0.001 | 3.626 |12.107
CKD 0.283 |0.014 3.137 26.796

Table 2. Linear regression analysis of factors associated with the IIEF-5 score and SCORE2-Diabetes score
in men with diabetes. Bold values indicate significance. CI confidence interval, CVrisk cardiovascular risk,

CKD chronic kidney disease, IIEF-5 international index of erectile function-5, SCORE2-Diabetes systematic
coronary risk estimation for type 2 diabetes.
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process is further exacerbated by the upregulation of the RhoA/Rho-kinase pathway and reduced NO availability,
impairing vasodilation and smooth muscle relaxation, critical factors in the development of ED*+45,

Furthermore, certain antihypertensive medications can exacerbate ED, complicating treatment adherence
for patients with HP. Medications such as beta-blockers and diuretics, commonly prescribed for HP, have been
linked to ED due to their negative effects on the vasculature and hormonal balance*¢~*%. For instance, beta-
blockers may inhibit beta-2 receptors, reducing vasodilation, while diuretics can diminish blood flow to the penile
tissues. These medication-induced effects, combined with the already compromised endothelial function in HP,
further perpetuate the vascular challenges related to ED. Such a situation creates a challenge where treating HP
may worsen ED, reducing medication adherence. Therefore, managing both conditions concurrently is crucial.
Tailored therapeutic approaches that preserve erectile function while effectively controlling blood pressure are
key to achieving long-term success*’.

Erectile dysfunction and cardiovascular risk

Our research indicated that patients with ED have a significantly greater risk of CV than those without ED. The
CV risk in the ED group was nearly double that in the non-ED group from moderate levels onward (see Fig. 2a).
Additionally, individuals with high and very high CV risk had significantly lower IIEF-5 scores than those with
low to moderate CV risk (Fig. 3a). In our study, SCORE2-Diabetes had an inverse correlation with the IIEF-5
score, with p = -0.45 and p <0.001 (Fig. 4a). An analysis of the Olmsted County Study data, a population-based
survey involving over 1,400 men aged 40 to 79 years, clearly documented the association between ED and CV
risk. Among men aged 40-49 years, those with ED had an almost 50-fold higher incidence of ischemic heart
disease compared to their counterparts without ED*. There is widespread consensus that men with ED should
be regarded as being at high risk for CVD***l. Consequently, utilizing available risk assessment tools to stratify
coronary risk scores for each patient is reccommended™.

In our study, the IIEF-5 demonstrated predictive value for identifying patients at very high CV risk, with an
AUC 0f 0.747. The corresponding cutoff point, sensitivity, and specificity were 18.5, 69.6%, and 69.9%, respectively
(Fig. 5). Research on CV risk factors and IIEF-5 score has concluded that patients with ED should be classified
as having an extremely high risk for CV events®. Findings from the Multi-Ethnic Study of Atherosclerosis
have also highlighted ED as an independent predictor of future CV events>>. Additionally, a systematic review
and meta-analysis of cohort studies indicated that the presence of ED increases the risk for future CV events,
myocardial infarction, cerebrovascular events, and all-cause mortality while also showing a tendency to increase
the risk of CV mortality>!. Furthermore, meta-analyses have shown that ED is an independent predictor of CV
disease and its outcomes. ED and CV disease are two manifestations of the same physiological phenomenon,
with ED typically preceding symptomatic CV disease. Such a connection presents an opportunity for healthcare
practitioners to screen and identify high risk patients early to prevent avoidable morbidity and mortality™.
Recognizing ED as an early harbinger of future CV events is crucial for initiating preventive measures. Screening
and diagnosing ED are essential for primary and secondary prevention of CV disease, as ED assessment offers
a simple and cost-effective prognostic tool alternative to other investigational CV biomarkers. Moreover, ED
significantly contributes to poor adherence to CV therapy or its discontinuation®®. Hence, it is imperative to
consider ED as an early manifestation of CV disease, warranting careful assessment of CV risk factors in men
with ED to prevent future major adverse CV events. Identifying these risk factors can assist in identifying
patients with ED who require stricter lifestyle modifications or pharmacological interventions to minimize CV
risk. Managing patients with ED provides an opportunity to address modifiable risk factors strictly, potentially
reducing CV risk and improving sexual complaints®”. Therefore, ED should be recognized as a warning sign of
silent or impending CV disease, and CV risk stratification should be integrated into the clinical management of
all men with vasculogenic ED.

ED and CVD share common risk factors such as obesity, HP, metabolic syndrome, DM, and smoking.
Moreover, they both involve underlying pathological mechanisms, including endothelial dysfunction,
inflammation, and atherosclerosis®®. The association between ED and CVD may be attributed to the interplay
among androgen levels, chronic inflammation, and CV risk factors, which contribute to endothelial dysfunction
and atherosclerosis in both the penis and coronary circulation. Due to the smaller size of penile arteries than
coronary arteries, the same degree of endothelial dysfunction and atherosclerotic burden can lead to a greater
reduction in blood flow in erectile tissues than in coronary circulation. Both ED and endothelial dysfunction
are linked to a loss of NO, with the molecular basis of this loss being virtually identical for both conditions.
Phosphodiesterase-5 inhibitors, which act by restoring the levels of cyclic guanosine monophosphate
downstream, have been shown to effectively improve erectile function in patients with coronary artery disease
when taken on demand and are now considered first-line pharmacotherapy for ED treatment™-.

Our study found that using an ED assessment scale like the IIEF-5 is a simple and practical tool for assessing
CV risk in clinical practice. Urologists should refer patients with ED to cardiologists for CV screening, while
cardiologists should evaluate the impact of CVD on ED by referring patients to urologists. This integrated
approach enhances patient outcomes by enabling early intervention, improving quality of life, and reducing CV
risk in men with diabetes. It promotes a collaborative care model that supports holistic management of both ED
and CV health through lifestyle modifications, medications, and therapies targeting endothelial function and
atherosclerosis.

Strengths

This study has several significant strengths. We utilized well-established and widely available scoring systems,
including the IIEF-5 and SCORE2-Diabetes, making it easier for future research to replicate similar studies.
Additionally, this is the first study to evaluate the relationship between cardiovascular risk and erectile
dysfunction in a Vietnamese population - a country where sexual education has not been strongly emphasized,
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and sexual health is often overlooked. The study was conducted across two different centers and included a
relatively large sample size, further enhancing the reliability of the findings.

Limitations

This study has several limitations. First, this was a cross-sectional study, meaning future CV events could not
be tracked. Implementing a prospective longitudinal study design would be essential to evaluate CV events
accurately and ED if feasible. Second, due to healthcare conditions in Vietnam, patients with DM and/or HP
undergo monthly re-examinations and receive medication from healthcare facilities. However, depending on
availability, patients may receive different medications during each visit. Therefore, our study could not evaluate
the specific impact of antihypertensive and antidiabetic medications on ED. Third, we have yet to address
potential psychological barriers that could affect questionnaire responses related to ED assessment. Fourth,
our study was conducted exclusively on a Vietnamese population, which may limit the generalizability of the
findings to other populations. Fifth, we did not assess physical activity or diet, both of which are crucial factors
that could influence both CVD and ED outcomes. Lastly, as an observational study, the results do not provide
conclusive evidence at a high level. Nevertheless, our findings can serve as a valuable foundation for future
research exploring the relationship between CVD and ED.

Conclusion

In conclusion, our study shows that men with DM and HP are at significantly higher risk of ED. We found a
strong association between ED and CV risk, particularly in these patients. These findings highlight the need for
dual screening of ED and CV risk, which can lead to early detection and timely intervention, improving both
quality of life and long-term CV outcomes, especially in men with diabetes.

Data availability

The datasets generated and/or analyzed during the current study are available from the corresponding author
or first author (Hai Nguyen Ngoc Dang) upon reasonable request. Email: dangnngochai@dtu.edu.vn or ngo-
chail23dc@gmail.com.
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