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 Background: Metabolic syndrome (MS) has become a pandemic in Turkey, as is the case globally. Increase in carotid artery 
intima-media thickness (CIMT) and erectile dysfunction (ED) may be evident before the clinical signs of cardio-
vascular disease appear. We aimed to investigate the prevalence of increased CIMT and ED as markers of ath-
erosclerotic disease in patients with MS.

 Material/Methods: Thirty-two patients with MS and 29 healthy controls were included. Anthropometric and biochemical parame-
ters, along with total testosterone (TT), high sensitive C-reactive protein (hs-CRP), were recorded. Carotid artery 
intima-media thickness was measured. Erectile dysfunction was assessed with International Index of Erectile 
Function.

 Results: Patients with MS had higher BMI, fasting plasma glucose, post-prandial plasma glucose, insulin, HOMA-IR, to-
tal cholesterol, triglycerides, hs-CRP, and CIMT, whereas TT levels were lower (p<0.0001). The prevalence and 
severity of erectile dysfunction were higher in patients with MS (p<0.0001). Erectile dysfunction scores corre-
lated inversely with CIMT. MS patients with ED were older and had higher CIMT compared to those without 
ED. Increase in age and HOMA and decrease in TT increased the risk of ED. When KIMT exceeding the 95th per-
centile of healthy controls was accepted as a risk factor for CVD, presence of ED was the only determinant for 
this increase.

 Conclusions: Erectile dysfunction was more prevalent and severe in patients with MS and correlated with subclinical endo-
thelial dysfunction. Total testosterone deficiency was prominent among MS patients. Presence of ED points to 
an increased risk of cardiovascular disease when MS is present.
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Background

Metabolic syndrome (MS) is characterized by insulin resis-
tance (IR) associated with abdominal obesity, glucose intol-
erance and diabetes (DM), dyslipidemia, hypertension, and 
cardiovascular disease (CVD) [1]. Various criteria used the 
describe the syndrome: World Health Organization (WHO), 
National Cholesterol Education Programme (NCEP ATP III), and 
International Diabetes Federation (IDF) [2]. The prevalence is 
around 25% in the United States and this prevalence increas-
es with age [3]. Metabolic syndrome increases the risk of DM 
by 5-fold and CVD by 2-fold [4]. Endothelial dysfunction and 
IR are the early pathogenetic events in MS and they are linked 
to atherosclerosis and CVD [5].

Erectile dysfunction (ED) is defined as inadequate or non-sus-
tainable penile erection that is required for satisfactory sexual 
performance [6]. It is not only an alarm sign of CVD, but also 
has a negative impact on personal relationships, and causes 
anxiety and loss of self-esteem [7,8]. Neurogenic, hormonal, 
and psychogenic factors can contribute to ED, but vascular phe-
nomena are thought be most important [9]. Erectile dysfunc-
tion is now accepted as an early sign of atherosclerosis and 
systemic diseases, contrary to the old belief that it is a sec-
ondary outcome [10–14]. Even people without evident athero-
sclerosis show impaired endothelial dysfunction if they have 
ED [15]. Hence, ED is a preliminary indicator of atherosclero-
sis and its future complications. Recent research demonstrat-
ed an increased prevalence of ED in MS [16–18].

Atherosclerosis is a systemic process that affects the whole 
arterial system. Carotid arteries can be easily visualized to 
evaluate the degree of atherosclerosis. Carotid arteria-media 
thickness (CIMT) has been used to assess the risk of CVD [19].

In this study, we aimed to investigate the prevalence of in-
creased CIMT and ED as markers of atherosclerotic disease in 
patients with MS.

Material and Methods

The study was carried out in the Endocrinology Outpatient 
Clinic of a research and training hospital. In this cross-sec-
tional descriptive study, 86 consecutive patients who had MS 
according to the criteria of International Diabetes Foundation 
and who had consented to participate were prospectively re-
cruited [20]. Twenty-nine healthy men were included as con-
trols. This study was approved as “Thesis in Endocrinology and 
Metabolism Residency” by our institution. Exclusion criteria 
included drug therapy for diabetes and/or dyslipidemia, re-
nal dysfunction, and pelvic trauma, prostate disease, periph-
eral or autonomous neuropathy, established CVD, psychiatric 

problems (including depression), and drug or alcohol abuse. 
Smoking was similar between the groups. Only 1 patient from 
the healthy controls with ED was a smoker [21]. After exclu-
sion, 32 patients were enrolled in the study.

A thorough physical examination was done and blood samples 
for laboratory tests were obtained after 12 hours of fasting at 
8:00 A.M.. Fasting glucose (FPG), total testosterone (TT), insu-
lin, high-sensitivity C-reactive protein (hs-CRP), total cholester-
ol (T-chol), triglycerides (TG), low-density lipoprotein cholesterol 
(LDL-C), and high-density lipoprotein cholesterol (HDL-C) were an-
alyzed. Postprandial plasma glucose (PPPG) was also measured.

Height, weight and body composition were measured by bio-
impedance (TANITA, Japan) and Body Mass Index (BMI) was 
calculated as weight (kg)/height2 (m). Waist circumference 
(Wc) was measured at the level of the shortest distance be-
low the costal arch while the person is standing and fasting 
in the morning with a constant tension meter during expira-
tion. Blood pressure (BP) measurement was done while the 
patient was sitting comfortably in a straight position, from 
the right arm with a mercury manometer after 5 minutes of 
rest and without tea, coffee, caffeinated drinks, or cigarettes 
in the last 30 minutes. Metabolic syndrome was defined ac-
cording to International Diabetes Foundation (IDF) Criteria [22].

ED was assessed with a validated, multidimensional question-
naire (IIEF-5, International Index of Erectile Function) [23]. Study 
subjects answered 5 questions by themselves and were as-
sessed on a 25-point scale: Scores ≥22 indicated no ED, 17–21 
points indicated mild ED, 12–16 points indicated mild-mod-
erate ED, 8–11 points indicated moderate ED, and 1–7 points 
indicated severe ED.

Insulin resistance was assessed with homeostasis model as-
sessment- insulin resistance (HOMA-IR): fasting insulin level 
(µIU/ml) times fasting plasma glucose (mg/dl)/405.

Carotid intima-media thickness (CIMT) was measured by 
a General Electric LOQIC 400 ultrasonography device and 
13 MHz linear probe while the person was in the supine po-
sition as described previously [24]. Values less than 0.65 mm 
were considered normal for the age group of our population 
[25]. Calculations were done by a single person and CIMT was 
expressed as the mean of right and left CIMT measurements.

Statistical analysis

Data were analyzed by SPSS 20.0 (SPSS Inc, Chicago, USA). 
Continuous variables are expressed as mean ± standard de-
viation; categorical variables are expressed as percentages. 
Two groups were compared with Student’s t test. Pearson 
correlation tests were used to test for the relation between 
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continuous variables. Chi-square test with continuity correc-
tion was used to test for the difference between categorical 
variables. Statistical significance was accepted as a p value 
less than 0.05. Binary logistic regression was used to assess 
the determinants of ED.

Results

Baseline demographic and clinical characteristics of the study 
groups are summarized in Table 1. Systolic and diastolic BP, 
BMI, Wc, T-Chol, TG, insulin, plasma glucose levels, and hs-CRP 
were significantly higher in patients with MS. Total testoster-
one levels were lower in patients with MS when compared to 
those in the control group (4.8±1.2 ng/ml vs. 6.4±1.6, respec-
tively, p<0.0001) (Table 1).

Carotid intima-media thickness was higher in the MS group 
compared to controls (0.76±0.11 mm vs. 0.53±0.06 mm, re-
spectively, p<0.0001) (Table 1). There was positive correla-
tion with CIMT and hs-CRP, T-Chol, and LDL-c in the control 
group (Rp=0.577, p=0.001, Rp=0.400, p=0.032 and Rp=0.378, 
p=0.043, respectively). In contrast, CIMT correlated positively 

with age and LDL-c, and negatively with TT in the MS group 
(Rp=0.557 p=0.001, Rp=0.380 p=0.032 and Rp=–0.410 p=0.020, 
respectively).

Prevalence of ED was higher in patients with MS (65.6%, n=21) 
when compared to the healthy men in the control group (13.8%, 
n=4) (p<0.0001). All the cases in the control group were mild; 
whereas in MS group 6 had mild, 5 had mild-to-moderate, 4 
had moderate, and 6 had severe ED. Scores of ED were lower 
in the MS group compared to controls (15.2±7.5 vs. 23.8±1.5, 
respectively, p<0.0001). ED scores correlated inversely with 
CIMT in both groups (control Rp=–0.864, p<0.0001 and MS 
Rp=–0.898, p<0.0001) and also with age in the MS group 
(Rp=–0.634, p<0.0001) (Figure 1).

Mean age was older in MS patients who had ED (41.9±4.8 vs. 
35.3±5.9, p= 0.002) and who had higher CIMT (0.82±0.09 vs. 
0.65±0.04, p=0.004) when compared to those without MS. 
Other parameters, including TT levels, were similar between 
those with ED and without ED in the MS group.

Increase in age and HOMA and decrease in TT increased the 
risk of ED (OR 1.594 [CI 95% 1.216–2.086 p=0.001]; OR 1.39 

Patients with MS (n=32) Control group (n=29) P

Age (years)  39.6±6  37.2±4.8 0.092

Systolic BP (mmHg)  147±16  127±13 <0.0001

Diastolic BP (mmHg)  92±11  83±8 <0.0001

BMI (kg/m2)  33.03±5.35  23.89±3.01 <0.0001

Wc (cm)  112.3±11.2  91.2±4.7 <0.0001

FPG (mg/dl)  138.7±57.6  81.3±10.3 <0.0001

PPPG (mg/dl)  204.2±90.4  111.1±15.9 <0.0001

Insulin  12.1±7.13  6.01±2.72 <0.0001

T-Chol (mg/dl)  224.4±48.1  169.1±36.4 <0.0001

TG (mg/dl)  269.6±126.8  101.4±50.1 <0.0001

LDL-C (mg/dl)  125.4±43.5  107.5±27.8 0.058

HDL-C (mg/dl)  40.5±6.4  43.2±11.9 0.262

hs-CRP  3.74±2.84  0.85±0.76 <0.0001

CIMT (mm)  0.76±0.11  0.53±0.06 <0.0001

TT (ng/ml)  4.8±1.2  6.4±1.6 <0.0001

Table 1. Demographic and clinical characteristics of the study groups expressed in mean ± standard deviation.

MS – metabolic syndrome; NS – non-significant; BP – blood pressure; BMI – body mass index; Wc – weight circumference; FPG 
– fasting plasma glucose; PPPG – postprandial plasma glucose; T-chol – total cholesterol; TG – triglyceride; LDL-C – low density 
lipoprotein cholesterol; HDL-C – high density lipoprotein cholesterol; hs-CRP – high sensitive C reactive protein; CIMT – carotid intima 
media thickness; TT – total testosterone.
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(CI 95% 1.058–1.827 p=0.018); OR 0.193 [CI 0.063–0.596 
p=0.004], respectively).

When KIMT exceeding the 95th percentile of healthy con-
trols was accepted as a risk factor for CVD, only presence of 
ED was a determinant for this increase (OR: 0.032 (95%CI: 
0.003–0.353 p=0.005).

Discussion

We demonstrated that prevalence of ED was increased in pa-
tients with MS when compared to healthy subjects and this 
correlated with CIMT.

Carotid intima-media thickness and hs-CRP levels were also 
higher in patients with MS. We demonstrated that TT levels 
were lower in patients with MS, and CIMT correlated positive-
ly with age and LDL-C, and negatively with TT in the MS group. 
Increase in age and HOMA and decrease in TT increased the 
risk of ED and the presence of ED was a determinant for the 
increase in KIMT.

This study confirms the association between MS, ED, and CVD 
in a Turkish population. Our patients with MS had adverse met-
abolic profile compared to the control group. hs-CRP, a reliable 
marker of inflammation, was higher in the MS group, along 
with increased CIMT [26]. hs-CRP predicts MS and it is used 
both as a screening tool and to tailor the statin treatment in 
patients with CVD [27,28].

Our patients with MS had higher CIMT and CIMT correlated 
with hs-CRP in the control group, LDL-C in both groups, and 
TT in the MS group. We could not show any relation between 
hs-CRP and TT, but recent studies have shown that low TT was 
correlated with inflammatory markers [29].

Carotid intima-media thickness predicts the cardiovascular 
disease, but the CIMT-MS relationship is rather controversial. 
Metabolic syndrome per se was not associated with increased 
CIMT; however, some components of MS are predictive of CIMT 
[30]. Our patients with MS who had ED were older and had 
higher CIMT, thus this increase can be attributed to age rather 
than MS. However, a recent study has documented that men 
under age 40 years also suffer from ED. In this same study, 
young patients with ED had higher CIMT compared to con-
trols. The study concluded that ED could be the first sign of 
endothelial dysfunction and a clinical marker of cardiovascu-
lar and metabolic disease in young people [31]. Although age 
was a determinant, presence of ED was the only factor asso-
ciated with an increase with CIMT in our study.

In our study group, patients with MS had higher frequency of 
severe ED. Low testosterone, HOMA-IR, and age were predic-
tors of ED in our study group. A study from China confirmed 
the role of testosterone in ED [32]. Testosterone deficien-
cy has been blamed for worse cardiometabolic profile [33]. 
Testosterone treatment is beneficial in some components of 
MS [34]. Increased fat mass (central adiposity), reduced insu-
lin sensitivity, impaired glucose tolerance, and unfavorable lip-
id profile had been reported [35]. Testosterone improves glu-
cose, lipid, and cholesterol metabolism at the molecular level 
thorough different mechanism [36].

Different components of MS may have different effects on the 
development of ED. Hypertension, elevated fasting blood glu-
cose, and low HDL-C have been found to be correlated with 
ED [37]. Besides MS, ED may accompany other chronic dis-
eases. Although presence of MS was associated with an in-
creased prevalence of ED, we are unable to demonstrate spe-
cific effects of different components of MS on ED. Recently, 
HOMA-IR determination was reported as a useful screening 
tool for ED [38]. HOMA-IR was a predictor of MS in our study.
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Figure 1.  Correlation OF ED Scores with CIMT (A) and Age (B) in MS patients.
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Conclusions

ED was more prevalent in patients with MS in this small study 
group. There was a positive linear relationship between the 
degree of ED and CIMT. Increased CIMT might be the com-
mon reflection of chronic atherosclerotic diseases and ED, 

and decreased levels of testosterone along with IR may be the 
missing link between ED and MS. Presence of ED should alert 
the physician to the high probability of an impending system-
ic cardiovascular disease and all patients with MS should be 
questioned regarding ED.
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