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an elevated CIMT is associated with increased atherosclerotic risk 
factors, prevalence and extent of coronary artery disease, and incidence 
of cardiovascular events.4–6 Endothelial dysfunction, characterized by 
reduced endothelium‑dependent flow‑mediated vasodilation (FMD), 
often precedes arterial structural alterations, such as increased 
intima–media thickness  (IMT) or plaque presentation. Endothelial 
dysfunction is considered as an important biological mechanism 
linking ED and cardiovascular disease.7,8

This study was designed to gain insight into the underlying 
pathogenesis of ED without an established etiology. We aimed to 
determine the association between erectile function and markers of 
subclinical atherosclerosis in young men under the age of 40 years.

PATIENTS AND METHODS
Patients selection
This study was conducted on 261  patients aged 20–40  years and 
complaining of ED, who presented to the Urology and Andrology 
Outpatient Center of the First Affiliated Hospital, Sun Yat‑sen 
University, during 2012–2015. Age‑matched healthy controls were 
recruited from the Health Screening Center.

Erectile function was evaluated using the International Index of 
Erectile Function‑5 (IIEF‑5) questionnaire, where a score of 21 or less 

INTRODUCTION
Cardiovascular disease is the major cause of morbidity and mortality 
worldwide. The treatment of end‑stage atherosclerotic cardiovascular 
disease is extremely difficult, highlighting the importance of early 
diagnosis and prevention. Assessment of erectile dysfunction  (ED) 
may help identify early atherosclerosis in men, because ED has been 
observed several years before coronary symptoms and assumed to 
be an independent marker of cardiovascular disease risk. ED is the 
consistent inability to achieve or maintain a penile erection adequate 
for satisfactory sexual performance. It is a common public health 
problem affecting 44% of men aged 60–69 years and up to 70% of men 
aged ≥70 years. In men <40 years old, about 5% are affected by ED.1,2 The 
etiology of ED is often multifactorial, with vascular, hormonal, lifestyle, 
aging, neurologic, and psychological factors playing roles. Vascular 
disease is by far the most common cause of ED.3 However, many young 
patients suffering from ED do not have clinical cardiovascular disease 
or abnormal laboratory findings, and their underlying pathogenesis 
of ED remains unknown.

The measurement of carotid intima–media thickness  (CIMT) 
through duplex ultrasound is a common noninvasive tool used for 
the evaluation of early atherosclerosis and vascular remodeling. 
Epidemiologic evidence has proven that, similar to carotid plaques, 
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indicates ED. The degree of ED severity was classified by the score as 
mild  (17–21), moderate  (11–16), or severe  (<10). Individuals  were 
eligible for inclusion in the study if they had ED for more than 3 months, 
a stable monogamous relationship with a female partner, and at least one 
attempt of sexual intercourse over the last 4 weeks. Exclusion criteria 
were patients with systemic diseases such as coronary artery disease, 
congestive heart failure, hypertension or orthostatic hypotension, 
diabetes or abnormal fasting blood glucose, dyslipidemia, abnormal 
hormone level, significant renal or hepatic dysfunction and anemia, 
malignancies, smoking history  (in the past 5  years), alcohol and 
substance abuse or addiction, reliance on long‑term pharmacotherapy, 
and those who had pelvic surgery or trauma of the perineal region. 
Those with psychiatric disorders or significant mental health problems 
requiring psychotropic drugs were assessed by clinical interviews with a 
psychologist and excluded from this study. Penile color duplex Doppler 
ultrasound (ACUSON S2000, Siemens Healthcare, Erlangen, Germany) 
was used to find and exclude ED caused by anatomical abnormalities. 
The study was approved by Institutional Research Ethics Committee, 
First Affiliated Hospital, Sun Yat‑sen University, and all patients provided 
informed consent to participate in the study. This trial was registered 
at ClinicalTrials.gov as NCT01249703. Blood chemistry and endocrine 
assays were performed in the clinical testing center of our hospital.

Ultrasound examination
Patients and controls were examined by well‑trained operators 
blinded to the participants’ demographic data, according to a standard 
protocol.9 All individuals had fast for at least 8 h and stopped coffee 
drinking for at least 2  h before the ultrasound examination. After 
15 min of resting in a quiet environment, FMD was evaluated in the 
right brachial artery using a high‑resolution ultrasound machine 
equipped with a high‑frequency and linear array ultrasound probe 
(5–12 MHz, VIVID7, GE Healthcare, Chicago, IL, USA). The probe was 
positioned approximately 2–5 cm proximal to the elbow. Diameter and 
blood flow velocity of brachial artery were recorded by R‑wave gating 
of the synchronic electrocardiogram (ECG). Baseline parameters were 
obtained before reactive hyperemia, and then an arterial occlusion cuff 
was placed around the arm and inflated above 250 mmHg for 5 min 
before deflating. After cuff deflation, the greatest diameter and maximal 
velocity were recorded at end diastole (tip of ECG R‑wave). FMD is 
expressed as the percentage change in diameter before and after cuff 
inflation, reflecting endothelium‑dependent dilatation during reactive 
hyperemia in superficial arteries.

The same operator measured the combined thickness of the 
intima and media of common carotid arteries (CCA). CIMT, defined 
as the distance between two parallel lines: the lumen–intima and 
media–adventitia boundaries, was measured on the far wall of CCA. 
Longitudinal sonographic images  of the right and the left CCA of 
each patient, at approximately 1  cm proximal to the carotid bulb, 
were obtained. A plaque was defined as a focal structure encroaching 
into the arterial lumen of at least 0.5 mm or 50% of the surrounding 
IMT value or demonstrated a thickness >1.5 mm measured from the 
media–adventitia interface to the intima–lumen interface.

Intra‑ and inter‑operator coefficients of variation were 2.8% and 
3.0%, respectively, and intra‑ and inter‑operator intraclass correlations 
were both 0.96.

Laboratory assessment
Blood was collected from patients and controls after overnight 
fast and analyzed for low‑density lipoprotein  (LDL), high‑density 
lipoprotein (HDL), triglyceride  (TG), uric acid (UA), fasting blood 

glucose (FBG), high‑sensitive C‑reactive protein (hs‑CRP) (AU5800 
automatic biochemical analyzer, Beckman Coulter, Fullerton, 
CA, USA), and insulin and testosterone levels  (Architect i2000SR 
analyzer, Abbott Diagnostic, Chicago, IL, USA). The homeostatic 
model assessment  (HOMA) index was calculated as fasting 
insulin concentration  (µU ml−1) × fasting glucose concentration 
(mmol l−1)/22.5.

Statistical analyses
Data were expressed as mean ± s.d. or median (interquartile range), 
as appropriate. Kolmogorov–Smirnov criterion was applied to all 
variables to test for normal distribution. Differences were assessed 
by the Student’s t‑test in normal variables and by the Mann–Whitney 
U‑test in nonnormal variables. Multivariate logistic regression analysis 
was performed to identify significant risk factors for ED. Correlation 
between these significant risk factors and ED severity was tested 
by Spearman’s or Pearson’s rank‑order correlation, as appropriate. 
Multiple linear regression was also used to estimate their association. 
Receiver‑operating characteristic  (ROC) analysis was performed to 
evaluate these risk factors’ ability to predict ED presence, with an 
area under the curve (AUC) value of 0.5 indicating no accuracy and a 
value of 1.00 indicating maximal accuracy. Optimal cutoff points were 
defined by maximizing the sum of sensitivity and specificity.

Statistical analysis was performed using SPSS version  13.0 
(SPSS Inc., Chicago, IL, USA). P  < 0.05  (2‑tailed) was considered 
statistically significant.

RESULTS
Clinical characteristics and laboratory parameters
The clinical characteristics, laboratory, and vascular parameters of patients 
and controls are presented in Table 1. There was no difference with regard 
to the age, body mass index (BMI), systolic blood pressure (SBP), diastolic 
blood pressure (DBP), LDL, HDL, and TG levels in patients and controls. 
Compared with control individuals lacking ED, patients with ED had 
greater CIMT values, and higher FBG, HOMA index and insulin levels, 
but lower brachial artery FMD and lower testosterone levels (all P < 0.05), 
though all values were within their respective normal range. No carotid 
plaques were observed in both groups.

Risk factors associated with ED
The six variables  (CIMT, FMD, FBG, HOMA index, insulin level, 
and testosterone level) that showed significant differences in ED 
versus control patients were examined by logistic regression analysis 
to identify risk factors for ED. The FMD, CIMT, HOMA index, and 
insulin variables were predictors of ED (P < 0.05). Their odds ratios 
are shown in Table 2.

The Spearman’s or Pearson’s correlation was used to further 
investigate the relationship between these risk factors and the severity 
of ED (as measured by the IIEF‑5 score). Throughout the entire study 
population, FMD values were positively correlated with the IIEF‑5 
scores  (r = 0.216, P < 0.001), while CIMT (r = −0.143, P < 0.013), 
HOMA index (r = −0.219, P < 0.001), and insulin (r = −0.126, P < 0.029) 
levels were inversely correlated with the IIEF‑5 scores.

The results of multiple linear regression analysis showed that one 
unit (mm) thicker CIMT was associated with a 6.432‑fold lower IIEF‑5 
score (P < 0.05), while one unit (%) higher FMD was associated with a 
0.475‑fold higher IIEF‑5 score adjusted for age (P < 0.001).

Diagnostic performance for ED identification in young men
As shown in Figure 1 and Table 3, of the four predictors identified 
by logistic regression, FMD had the best diagnostic performance for 
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the identification of ED in men under the age of 40 years. Young men 
with FMD <10.65% were 11.645 times more likely to have ED; this 
cutoff value had sensitivity of 68.6% and specificity of 87.5% for the 
diagnosis of ED. Young men with CIMT >0.623 mm had a 4.16 times 
greater risk of having ED; this cutoff value had sensitivity of 66.3% 
and specificity of 75.0% to predict ED. A HOMA index >1.614 was 
associated with a 5.993 times greater risk of having ED.

DISCUSSION
The incidence of ED increases with age. Although ED is not 
life‑threatening, it affects the quality of life of the patient and his 
partner in a negative way, especially for young men, whose etiology 
of ED remains difficult to elucidate. In this study, we investigated the 
underlying pathogenesis of ED in young patients lacking obvious 
etiology after general assessment. The current results showed that 
young patients with ED had greater CIMT and lower FMD values 
than the control group, indicating subclinical atherosclerosis and 
endothelial dysfunction may be key pathological changes during the 
development of ED. Although all laboratory parameters were within 
respective normal ranges, the relatively high levels of FBG, insulin, 
and insulin resistance index and relatively low testosterone levels in 
young ED versus normal patients may be linked to impaired endothelial 
function and accelerated subclinical atherosclerosis, which may cause 
ED and subsequent cardiovascular disease.

The relationship between ED and cardiovascular disease is 
well established.10,11 They share common risk factors, such as 
diabetes, hypertension, hyperlipidemia, and smoking. Endothelial 
dysfunction may be the common link to both conditions. Impaired 
endothelial function and the subsequent reduced capacity of vascular 
smooth muscle relaxation are regarded as precursor conditions 
of atherosclerosis and impaired cavernosal relaxation.12,13 ED and 
cardiovascular disease often coexist in the same patients, and ED may 
precede symptoms of coronary heart disease (CHD) by 2–3 years and 
CHD events by 3–5 years.14,15

The development of ED before CHD may be explained by the 
artery size hypothesis, which proposed that a smaller penile artery may 
be more susceptible to systemic risk factors than larger vessels in the 
heart and brain, and the same level of plaque compromises blood flow 
more profoundly through the smaller arteries of the penis than through 
the larger vessels of the heart and limbs.16,17 Intima–media thickness 

Table 1: Characteristics of patients with erectile dysfunction and controls

Characteristics ED patients (n=261) Controls (n=40) P

IIEF‑5 12.00 (7.00–16.00) 24.00 (23.00–24.00) <0.001

Clinical data

Age (year) 30.00 (27.00–34.00) 30.00 (27.00–32.00) 0.925

BMI (kg m−2) 23.34±3.14 22.62±2.21 0.074

SBP (mmHg) 116.00 (108.00–124.00) 118.00 (110.00–120.75) 0.568

DBP (mmHg) 70.00 (66.00–78.00) 70.00 (64.25–72.75) 0.747

Laboratory data

Cholesterol (mmol l−1) 4.70 (4.15–5.40) 4.72±0.67 0.541

FBG (mmol l−1) 5.20 (4.80–5.60) 4.40 (4.20–4.88) <0.001

LDL (mmol l−1) 3.11 (2.56–3.59) 3.18±0.77 0.826

HDL (mmol l−1) 1.24 (1.05–1.44) 1.31±0.28 0.285

TG (mmol l−1) 1.02 (0.74–1.46) 1.00 (0.84–1.12) 0.498

UA (umol l−1) 336.00 (276.00–397.50) 317.45±63.66 0.067

Insulin (mmol l−1) 6.80 (4.95–9.70) 6.19±1.75 0.020

Testosterone (ng ml−1) 5.84 (4.64–7.52) 6.56 (5.46–8.09) 0.014

Hs‑CRP (g l−1) 0.64 (0.30–1.47) 0.46 (0.25–1.30) 0.122

Vascular data

FMD (%) 9.44±2.70 13.01±2.89 <0.001

CIMT (mm) 0.66 (0.60–0.75) 0.59 (0.50–0.68) <0.001

HOMA index 1.62 (1.11–2.26) 1.07±0.44 <0.001

Variables are presenting as mean±s.d. or median (25th–75th percentile range). P values are derived from t‑test or Mann–Whitney U‑test. IIEF‑5: International Index of Erectile Function‑5; 
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: high‑density lipoprotein; LDL: low‑density lipoprotein; TG: triglyceride; UA: urate acid; FBG: fasting 
blood glucose; hs‑CRP: high‑sensitive C‑reactive protein; CIMT: carotid intima–media thickness; FMD: flow‑mediated dilation; HOMA: homeostatic model assessment; s.d.: standard deviation

Table 2: Logistic regression analysis for the presence of erectile 
dysfunction in young men

Variable β OR OR (95% CI) P

Insulin 1.108 3.029 1.723, 5.325 <0.001

FMD 0.403 1.496 1.253, 1.786 <0.001

CIMT −4.833 0.008 0.000, 0.646 0.031

HOMA index −5.819 0.003 0.000, 0.042 <0.001

FMD: flow‑mediated dilation; CIMT: carotid intima–media thickness; HOMA: homeostatic 
model assessment; OR: odds ratio; CI: confidence interval

Figure 1: Receiver‑operating characteristic (ROC) curves to identify ED in 
young men without abnormal laboratory findings. ED: erectile dysfunction; 
CIMT: carotid intima–media thickness; FMD: flow‑mediated dilation; HOMA: 
homeostatic model assessment.
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is considered as a marker of early artery disease and an independent 
predictor of major cardiovascular events. The ARIC study showed that 
for every 0.19 mm increment in CIMT, the risk of death or myocardial 
infarction increased by 36% in middle‑aged patients.18 However, 
although there were reference values, no standardized thresholds were 
determined for the general population. CIMT can vary with age, gender, 
and race/ethnicity, so these factors should be considered when comparing 
CIMT between study groups. As recommended in guidelines for the 
assessment of cardiovascular risk in asymptomatic adults, an elevated 
CIMT is commonly defined as a level that surpasses the population‑based 
75th  percentile value.19 When cardiovascular risk is assessed using 
percentiles, a CIMT greater than the 75th percentile value or ≥1 mm is 
considered high risk, and values between the 25th and 75th percentiles 
or <1 mm are average or moderate.20,21 In our study of men under the age 
of 40 years, the mean CIMT of both groups was <0.70 mm, but greater 
CIMT values were observed in ED patients compared with healthy 
controls, suggesting more accelerated subclinical vascular disease in these 
ED patients. Statistical analysis showed that thicker CIMT was associated 
with a lower IIEF‑5 score and greater risk of having ED.

The evaluation of brachial artery FMD using duplex ultrasound is 
now widely accepted as a noninvasive technique to assess endothelial 
function. Many studies have documented a relationship between 
FMD and traditional cardiovascular risk factors. The FMD values are 
lower (abnormal) in individuals with higher Framingham Risk Scores 
or more risk factors.9 Mutlu et  al.22 reported that a FMD  <8% and 
CIMT ≥0.65 mm could predict patients with coronary artery disease. 
The relationship between FMD and risk factors was most clear in the 
category with the lowest baseline risk, suggesting that FMD was an 
early marker of vascular dysfunction.23 Our previous study reported 
that FMD was impaired in young ED patients and correlated with the 
severity of ED.24 The present study further confirmed the relationship 
of FMD with ED by showing that young men with lower FMD values 
were more likely to have ED, whereas higher FMD was associated with 
higher IIEF‑5 scores.

This report quantitatively investigated the association of CIMT, 
FMD, and the HOMA index with the prevalence of ED in young men 
lacking traditional risk factors. Most studies involved relatively senior 
patients with known vascular causes, whereas this study focused on 
patients under the age of 40 years and without an established etiology 
of ED.

Considering the link between ED and cardiovascular disease, the 
assessment and management of ED may help identify those who require 
early intervention to reduce their risk of future cardiovascular events.25 
As the first point of medical contact for men with ED symptoms, 
the primary care physician or urologist has a unique opportunity to 
perform screening and initiate primary prevention. Young men should 
be informed about the association of ED with atherosclerosis and 
encouraged to make lifestyle modifications and seek medical advice 

to improve their general health, so as to limit cardiovascular risk as 
well as ED prevalence.26

Limitations
Limitations of this study include relying on FMD as the sole indicator 
of endothelial function, and CIMT as the sole indicator of subclinical 
atherosclerosis. The relatively small size of the control group may 
reduce the power of statistical analysis and cross‑sectional design. 
The evaluation of disease was based on a self‑reporting questionnaire, 
although previous work had demonstrated the validity of this measure.

CONCLUSIONS
In young men with normal clinical findings, a greater CIMT and 
lower FMD was associated with a higher incidence of ED. Our study 
highlights endothelial dysfunction, subclinical atherosclerosis, and 
insulin resistance as potential factors in the underlying pathogenesis 
of ED lacking an established etiology. The diagnosis and evaluation of 
ED in young men provides unique opportunities for cardiovascular risk 
prevention. Conversely, early detection of subclinical vascular disease 
may provide a warning sign for the subsequent onset of ED and help 
improve the quality of life of affected men.
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