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ABSTRACT 

Background: The aim of this study was to in-
vestigate the occurrence of subclinical athero-
sclerosis, evaluated by carotid artery intima- 
media thickness (CIMT) in subjects with newly 
diagnosed type 2 diabetes. Methods: A total of 
167 subjects, 50 newly diagnosed type 2 dia-
betic subjects and 117 non-diabetic subjects 
were included in the study. Obese and over-
weight newly diagnosed type 2 diabetic patients 
were matched for age and BMI with obese and 
overweight non-diabetic subjects. Only post-
menopausal women were selected. The follow-
ing biomarkers were analyzed: fasting glucose, 
HbA1c, fasting insulin, fasting proinsulin, total 
cholesterol, LDL-cholesterol, HDL-cholesterol, 
triglycerides, adiponectin, leptin, hs-CRP, urine 
albumin/creatinine ratio. 75 g oral glucose tol-
erance test was performed in all subjects. Ul-
trasound imaging was used to evaluate IMT of 
the common carotid artery. Results: CIMT was 
greater in newly diagnosed type 2 patients 
compared to non-diabetic subjects. When ana-
lyzed by BMI, the difference regarding CIMT 
between diabetic and non-diabetic subjects was 
significant only in overweight subjects, in both 
sexes. In univariate analysis in men with newly 
diagnosed type 2 diabetes, CIMT was positively 
correlated with age, SBP, triglycerides, leptin 
and negatively correlated with HDL-cholesterol 
and in women CIMT was positively correlated 
with SBP and leptin. Independent determinants 
of CIMT in patients with newly diagnosed type 2 
diabetes were in men age (β = 0.556, p = 0.0028) 
and log leptin (β = 0.393, p = 0.049) and in 
women systolic blood pressure (β = 0.48, p = 

0.026). Conclusions: Subclinical atherosclerosis 
is present in newly diagnosed type 2 diabetic 
subjects. Body fat accumulation in men and 
hypertension in postmenopausal women have a 
primary role in increase carotid intima-media 
thickness. 
 
Keywords: Newly Diagnosed; Type 2 Diabetes; 
Atheroscleorsis; Common Carotid Artery; 
Intima-Media Thickness 

1. INTRODUCTION 

Diabetes is one of the main risk factors for cardiovas- 
cular disease [1]. An increase in the carotid intima-media 
thickness (CIMT), examined by B-mode ultrasonogra- 
phy, is generally considered an early marker of athero- 
sclerosis [2-6]. Previous studies have shown an associa-
tion of increased CIMT with cardiovascular risk factors 
[7,8] and future cerebrovascular and cardiovascular 
events [9,10]. It has also been demonstrated that CIMT 
is increased in type 2 diabetic patients [11-14]. In sub-
jects with established diabetes, traditional risk factors 
such as hypertension, dyslipidemia (high LDL-choles- 
terol, triglycerides and apoB levels and low HDL-chole- 
sterol levels), obesity as well as lower plasma adipone- 
ctin, inflammation markers and insulin resistance are 
associated with CIMT [15-21]. We noticed large differ-
ences between the studies which evaluated the correla-
tion of cardiovascular risk factors with measures of sub-
clinical atherosclerosis, both in diabetic and non-diabetic 
subjects, mainly because of the wide variations of the 
populations included. Few studies showed that early 
atherosclerosis, evaluated by CIMT or arterial stiffness, 
is present in newly diagnosed type 2 diabetic subjects 
[22-25]. In the present study we evaluated CIMT in 
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newly diagnosed type 2 diabetic patients, in comparison 
with nondiabetic subjects, matched for age and sex. In 
addition we analyzed the influence of traditional cardio-
vascular risk factors, adipokines (adiponectin and leptin), 
inflammation markers (fibrinogen and hs-CRP), insulin 
resistance and albuminuria on CIMT in patients with 
newly diagnosed type 2 diabetes without cardiovascular 
disease. 

2. METHODS 

2.1. Subjects 

A total of 167 subjects were included in this study: 50 
newly diagnosed type 2 diabetes (25 men and 25 women) 
and 117 control, non-diabetc (64 men and 53 women). 
Subjects were recruited at the Department of Diabetes, 
Nutrition and Metabolic Diseases, Clinical Hospital 
Colentina, from February 2009 to January 2010. All par- 
ticipants gave written informed consent. Subjects with 
established diabetes, currently smoking, history of car- 
diovascular disease, use of drugs for dyslipidemia and 
hypertension, fasting glucose ≥ 250mg/dl, systolic blood 
pressure ≥ 170 mmHg, total cholesterol ≥ 300 mg/dl, 
triglycerides ≥ 300 mg/dl, presence of viral hepatitis, 
renal disease or thyroid dysfunction were excluded. 
Women included in the study were post menopause. 
Subjects were classified by BMI into: lean (18.5 < BMI 
< 25 kg/m2), overweight (25 kg/m2 ≤ BMI < 30kg/m2) 
and obese (BMI ≥ 30 kg/m2). According to BMI newly 
diagnosed type 2 diabetic subjects were classified into 
two groups: overweight, 20 subjects (10 men and 10 
women) and obese, 30 subjects (15 men and 15 women) 
and non-diabetic subjects into three groups: lean, 18 
subjects (9 men and 9 women), overweight, 43 subjects 
(24 men and 19 women) and obese, 56 subjects (31 men 
and 25 women). 

2.2. Carotid Artery Ultrasound 

CIMT was determined using a B-mode ultrasound 
scanner (Siemens Sonoline Sienna) and a 7.5 MHz linear 
probe with subjects in the supine position, by a trained 
specialist with no knowledge of the subjects clinical 
characteristics. Longitudinal scan of both the right and 
left common carotid artery was recorded. Measurement 
of IMT was made on the near (anterior) and far (poste- 
rior) wall of the common carotid artery at 1 cm proximal 
to the bifurcation, in segments that were free of plaque, 
plaque being defined as the presence of wall thickening 
at least 50% greater than the adjacent thickness. For each 
individual, the CIMT was determined as the average of 
near and far-wall measurements of both the left and right 
arteries. 

2.3. Laboratory Assay 

The samples of blood were taken after 12 hours of 
overnight fasting. Total adiponectin, leptin, hs-CRP, 
insulin and proinsulin were measured by ELISA (DRG 
International, Inc.) on a Dynex analyzer. Low-density 
lipoprotein (LDL) cholesterol was calculated using the 
Friedewald formula. Total cholesterol, high-density 
lipoprotein (HDL) cholesterol, triglycerides and glucose 
were measured using standard techniques. Homeostasis 
model assessment of insulin resistance (HOMA-IR) was 
calculated as the product of the fasting plasma insulin 
value (in microunits per liter) and the fasting plasma 
glucose value (in mg per deciliter) divided by 405. Urine 
albumin/cretinine ratio (UACR) was calculated from a 
single spot urine specimen collected in the morning. 
Microalbuminuria was defined as UACR 30 - 300 mg/g. 
Percent body fat (%) was measured using a bioelectrical 
impedance analyzer (Omron BF 500). All participants 
underwent standard oral glucose tolerance test (OGTT) 
with 75 g glucose. To diagnose type 2 diabetes we used 
the following criteria: fasting plasma glucose (FPG) ≥ 
126 mg/dl and/or a 2-h plasma glucose in OGTT ≥ 200 
mg/dl. 

2.4. Statistical Analysis 

Statistical analyse was performing using GraphPad 
Instat version 3.0 and NCSS/2004. Continuous variables 
were tested for normality of distribution with the use of 
the Wilk-Shapiro test. Data normally distributed were 
expressed as mean ± standard deviation (SD) and data 
skewed distributed were expressed as median (interquar- 
tile range). Normally distributed variables were com- 
pared by unpaired t-test and not normally distributed 
variables were compared by Mann-Whitney test. Vari- 
ables not normally distributed (insulin, proinsulin, pro- 
insulin to insulin ratio, HOMA-IR, adiponectin, leptin, 
leptin to adiponectin ratio, hs-CRP, UACR) were log 
transformed before evaluating the correlations. Associa- 
tions between CIMT and the variables evaluated, in sub- 
jects with newly diagnosed type 2 diabetes, were exam- 
ined using linear regression analysis. P-value < 0.05 was 
considered statistically significant for all analyses. 

3. RESULTS 

3.1. Characteristics of Study Subjects 

The clinical and biochemical characteristics of the 
subjects included in this study are presented in Table 1. 
Obese and overweight newly diagnosed type 2 diabetic 
patients were matched for age, sex and BMI with obese 
and overweight non-diabetic subjects. Systolic blood 
pressure (SBP), triglycerides, fibrinogen, hs-CRP, insu- 
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Table 1. Clinical and biochemical characteristics of diabetic patients and control subjects. 

Non-diabetic subjects 
Newly diagnosed type2 

diabetic subjects 
 P 

 

Lean Overweight Obese Overweight Obese  OW OB 

Number 18 43 56 20 30  - - 

Males (%) 50 55.8 55.4 50 50  - - 

Age (years) 54.6 ± 7.1 54.5 ± 9.4 52.9 ± 8.7 53.5 ± 8.2 52.23 ± 7.9  0.76 0,91 

Weght (Kg) 69.1 ± 7.5 75.1 ± 9.7 97.6 ± 13.3b,d 79.9 ± 9.1 94.07 ± 12.3b,d  0.23 0,51 

BMI (kg/m2) 24 ± 0.5 27.2 ± 1.9f 34.1 ± 3.3b,d 27.7 ± 1.4f 33.25 ± 2b,d  0.81 0,78 

Waist (cm) 84.2 ± 3.9 99.7 ± 13.4f 108.8 ± 12.5b,d 98.9 ± 4.1 110.5 ± 6.9b,d  0.87 0,85 

FPG (mg/dl) 80.3 ± 10.2 87.5 ± 14.2 96.2 ± 15.3 161.2 ± 25.4f 171.9 ± 25.9d  < 0.001 < 0.001 

HbA1c (%) 4.8 ± 0.6 5.1 ± 0.8 5.4 ± 0.9 7.5 ± 0.5f 7.8 ± 0.6d  < 0.0001 < 0.0001

SBP (mmHg) 123.6 ± 10.7 136.5 ± 13.6 140.5 ± 14.5c 131.8 ± 13.6 143.5 ± 10.1c  0.11 0.39 

DBP (mmHg) 75.8 ± 8.1 78.9 ± 9.4 83.4 ± 6 80.7 ± 7.9 83.4 ± 9.3  0.73 0.91 

Total cholesterol (mg/dl) 212.5 ± 36.2 223.2 ± 40.8 234.5 ± 41.2 231.4 ± 39.7 240.9 ± 48.5  0.43 0.31 

HDL cholesterol (mg/dl) 51.3 ± 6.6 41.9 ± 7.1 38.7 ± 6.2c 42.3 ± 8.8 41.2 ± 7.5c  0.86 0.69 

LDL cholesterol (mg/dl) 126.4 ± 36.2 132.9 ± 36.7 141.6 ± 31.2 136.4 ± 37.4 145.9 ± 41.1  0.51 0.76 

Triglycerides (mg/dl) 97.6 ± 27.5 126.7 ± 34.5 171.2 ± 53.1a,d 167.25 ± 
39.2f 

209.2 ± 63.8d  0.046 0.042 

Fibrinogen 285.7 ± 48.7 313.2 ± 57.8 324.8 ± 55.6c 325.5 ± 61.2 337.6 ± 68.8c  0.52 0.39 

hs-CRP (mg/l) 1.4 (0,8-1,8) 
2.4 

(1.3 - 3.5) 
3c (1.8 - 6.6) 

2.5 (1.1 - 
3.5) 

2.9c (1.7 - 6.1)  0.91 0.89 

Insulin (μU/ml) 6.4 (5 - 8,8) 
13.9e 

(9.8 - 19.5) 
15.8d 

(10 - 27.4) 
13.15f  

(10.2 - 21) 
23.4a,d 

(17.9 - 35.7) 
 0.79 0.038 

HOMA-R  
1.8 

(1.5 - 2.9) 
3.2 

(2.2 - 5.34) 
3.9c (2.3 - 8.4) 5.4e (4 - 8.2)

11.6a,d 
(6.7 - 16) 

 0.48 0.044 

Proinsulin (pmol/l) 
5.4 

(3.3 - 6.5) 
6.8 

(4.4 - 8.5) 
8.2c 

(4.8 - 11.7) 
7.8 

(5.6 - 11.7) 
11.3a,d 

(7.6 - 15.4) 
 0.42 0.048 

Proinsulin/Insulin 
0.67 

(0.2 - 1.05) 
0.57 

(0.26 - 0.94)
0.46 

(0.22 - 0.81) 
0.52 

(0.41 - 0.94)
0.4 

(0.25 - 0.59) 
 0.79 0.81 

Adiponectin (µg/dl) 6.3 (4.5 - 8.3) 
4.3 

(2.2 - 5.5) 
3.5c (1.5 - 5.4) 4.9 (3.4 - 6) 4.4c (3.5 - 5.8)  0.44 0.17 

Leptin 
25.4 

(10.8 - 37.1) 
30 

(19.2 - 48.2)
40.1c 

(20.1 -7 3.7) 
22.2 

(8.8 - 42.5) 
43.2c 

(27.1 - 74.1) 
 0.21 0.48 

Leptin/Adiponectin 4.2 (3.2 - 6.4) 
6.5 

(2.7 - 10.1) 
8.1c (3.6 - 9.8) 6.9 (2 - 11.1)

10.8c  
(6.4 - 19.3) 

 0.63 0.26 

Albumin/creatinine ratio 
(mg/g) 

2.3 (0.6 - 5.1) 
6.4 

(3.1 - 11.2) 
9c (4.4 - 17.1) 8.8 (6.2 - 15)

9,5c 
(5.6 - 17.2) 

 0.52 0.89 

Valuea are means ± SD and median (interquartile range); L-lean; OB-obese; OW-overweight a) p < 0.05, OB vs. OW; b) p < 0.01, OB vs. OW; c) p < 0.05, OB 
vs. L; d) p < 0.01, OB vs. L; e) p < 0.05, OW vs. L; f) p < 0.01, OW vs. L. 

 

lin, proinsulin, leptin and UACR were significantly 
higher and adiponectin and HDL-cholesterol were sig- 
nificantly lower in obese subjects, both newly diagnosed 
diabetic and non diabetic, compared to non diabetic, lean 
subjects. There were no significant differences between 
obese non diabetic and obese newly diagnosed type 2 
diabetic subjects for waist, systolic blood pressure, dia- 
stolic blood pressure, total cholesterol, HDL-cholesterol, 
LDL-cholesterol, triglycerides, fibrinogen, hs-CRP, adi- 
ponectin, leptin, leptin/adiponectin ratio, proinsulin/ 
insulin ratio and UACR. Similarly, there were no sig- 

nificant differences between overweight non-diabetic 
and overweight newly diagnosed type 2 diabetic subjects 
for waist, systolic blood pressure, diastolic blood pres- 
sure, total cholesterol, HDL-cholesterol, LDL-choles- 
terol, triglycerides, fibrinogen, hs-CRP, adiponectin, 
leptin, leptin/adiponectin ratio, proinsulin/insulin ratio 
and UACR. Fasting glucose and HBA1c were higher in 
newly diagnosed type 2 diabetic, both in obese and 
overweight, compared to non-diabetic subjects. Fasting 
insulin, proinsulin and HOMA-R were significantly 
higher in obese type 2 newly diagnosed diabetic vs.  
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obese non-diabetic. In non-diabetic subjects BMI, waist 
and triglycerides were higher in obese vs. overweight. In 
newly diagnosed type 2 diabetic patients BMI, waist, 
insulin, HOMA-R and proinsulin were higher in obese 
vs. overweight. None of the subjects had macroalbumi- 
nuria, 7 subjects (5 subjects from the non-diabetic group 
and 2 subjects from the diabetic group) had microalbu- 
minuria and the rest of the participants had low grade 
albuminuria. 

CIMT was greater in obese and overweight, both in 
newly diagnosed type 2 diabetic (obese vs. lean, pmen < 
0.0001, pwomen < 0.0001; overweight vs. lean, pmen < 
0.0001, pwomen < 0.0001) and non-diabetic subjects (obese 
vs. lean, pmen < 0.0001, pwomen < 0.0001; overweight vs. lean, 
pmen = 0.0041, pwomen < 0.0001), compared to non-dia-
betic lean subjects. CIMT was greater in obese subjects, 
both in newly diagnosed type 2 diabetic and non diabetic 
subjects, compared to overweight sub- jects, but the dif-
ference was statistically significant only for non-diabetic 
subjects (non-diabetic, obese vs. overweight, pmen = 0.0005, 
pwomen = 0.003). There was no significant difference be-
tween CIMT in obese, newly diagnosed diabetic patients 
and CIMT in obese, non- diabetic subjects. CIMT was 
greater in overweight newly diagnosed diabetic patients 
compared to overweight, non-diabetic subjects (pmen = 
0.008, pwomen = 0.027) (Table 2). 

3.2. Univariate Analysis between CIMT and 
Various Variables in Newly Diagnosed 
Type 2 Diabetic Subjects 

In univariate analysis in men with type 2 diabetes 
newly diagnosed CIMT was positively correlated with 
age (CIMT = 0.0122 × age + 0.3033, r2 = 0.35, p = 0.002), 
systolic blood pressure (CIMT = 0.0044 × SBP + 0.3233, 
r2 = 0.14, p = 0.046), triglycerides (CIMT = 0.0011 × 
triglycerides + 0.7018, r2 = 0.2, p = 0.026), leptin (CIMT 
= 0.2038 × log (leptin) + 0.6764, r2 = 0.19, p = 0.025) 
and negatively correlated with HDL-cholesterol (CIMT 
= –0.0082 × HDL-cholesterol + 1.2381, r2 = 0.15, p = 
0.044) (Table 3). In univariate analysis in women with 
type 2 diabetes newly diagnosed CIMT was positively 

correlated with systolic blood pressure (CIMT = 0.005 × 
SBP + 0.211, r2 = 0.2, p = 0.021) and leptin (CIMT = 
0.1666 × log (leptin) + 0.6053, p = 0.037) (Table 3). 

3.3. Multiple Regression Analysis in 
Subjects with Newly Diagnosed Type 
2 Diabetic Subjects 

In men, in a model with CIMT as a dependent vari- 
able and age, systolic blood pressure, triglycerides, log 
leptin and HDL-cholesterol as covariates, age (β = 0.556, 
p = 0.0028) and log leptin (β = 0.393, p = 0.0488) were 
independent determinant of CIMT (Tabel 4). In a model 
with age (β = 0.619, p = 0.0002) and log leptin (β = 
0.482, p = 0.0021) the coefficient of determination (R2) 
was 0.578 and the adjusted value was 0.539. 

In women, in a model with CIMT as a dependent 
variable and age, systolic blood pressure, leptin, trigly- 
cerides and HDL-cholesterol as covariates, systolic 
blood pressure (β = 0.48, p = 0.026) was the only inde- 
pendent predictor of CIMT (Table 5). 

4. DISCUSSION 

In this study we show that patients with newly diag- 
nosed type 2 diabetes have an increase CIMT compared 
to non-diabetic, lean subjects matched for age. In obese 
subjects we found no difference in CIMT between newly 
diagnosed type 2 diabetes and non-diabetic, in both 
sexes and in overweight subjects CIMT was signifi- 
cantly greater in newly diagnosed type 2 diabetes com- 
pared to non-diabetic, in both sexes.  

Temelkova et al. [22] showed in 71 newly diagnosed 
type 2 diabetes, aged 40 - 70 years, 67.61% male with 
mean HbA1c of 6.33 ± 0.11% and mean BMI of 28.8 ± 
0.4 kg/m2 that newly detected type 2 diabetic patients, 
compared to normal glucose tolerance subjects matched 
for age and sex, with mean BMI of 27.4 ± 0.4 kg/m2, 
exhibit a higher degree of early atherosclerosis, evalu- 
ated by measurement of the common carotid artery IMT 
(men, diabetic vs control, 1 ± 0.03 vs.0.88 ± 0.03 mm; 

 
Table 2. Carotid intima-media thickness (CIMT) in newly diagnosed type 2 diabetic patients and non-diabetic subjects. 

Subjects 

Non-diabetic subjects Newly diagnosed type 2 diabetic patients 

 

Lean Overweight Obese Overweight Obese 

POW POB 

Men 0.68 ± 0.09 0.76 ± 0.14f 0.91 ± 0.17a,c 0.89 ± 0.16f 0.96 ± 0.16a 0.008 0.19 

Women 0.6 ± 0.08 0.74 ± 0.12f 0.86 ± 0.14a,c 0.83 ± 0.15f 0.92 ± 0.15a 0.027 0.14 

L-lean, OW-overweight, OB-obes; a) p < 0,01, OB vs. L; b) p < 0,05 OB vs. L; c) p < 0,01, OB vs. OW; d) p < 0,05, OB vs. OW; e) p < 0,05, OW vs. L; f) p < 
0,01, OW vs. L. 
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Table 3. Correlation between CIMT and all the other parameters evaluated. 

Men Women 
Variable 

r P R P 

Age 0.59 0.002 0.18 0.385 

BMI (kg/m2) 0.26 0.131 0.16 0.442 

Waist (cm) 0.18 0.473 0.11 0.672 

Body fat (%) 0.28 0.096 0.22 0.294 

Total cholesterol (mg/dl) 0.07 0.783 0.09 0.703 

LDL-cholesterol (mg/dl) 0.1 0.635 0.13 0.628 

HDL-cholesterol (mg/dl) –0.38 0.044 –0.21 0.307 

Triglycerides 0.44 0.026 0.13 0.562 

Fasting glucose (mg/dl) 0.09 0.665 0.04 0.874 

2hPPG  (mg/dl) 0.24 0.196 0.28 0.106 

HbA1c (%) 0.22 0.253 0.11 0.726 

Fibrinogen (mg/dl) 0.13 0.548 0.06 0.803 

SBP (mmHg) 0.37 0.046 0.45 0.021 

DBP (mmHg) 0.12 0.562 0.15 0.471 

Leptin* (ng/ml) 0.43 0.025 0.34 0.037 

Adiponectin* (µg/dl) –0.16 0.503 –0.19 0.361 

Leptin/adiponectin* 0.17 0.482 0.17 0.413 

Hs-CRP* 0.2 0.224 0.12 0.693 

Fasting insulinemia* 0.15 0.526 0.08 0.735 

Fasting proinsulin* 0.11 0.591 0.23 0.265 

Proinsulin/Insulin* 0.26 0.21 0.22 0.294 

HOMA-IR* 0.08 0.693 0.15 0.479 

UACR* 0.19 0.294 0.09 0.708 

*-valori transformate logaritmic ; r-coeficient de corelatie Pearson. 
 
Tabel 4. Multiple regression analysis with CIMT as the dependent variable in men with newly diagnosed type 2 diabetes. 

Variable 
Non-standardized 

regression coefficient 
Standardized regression 

coefficient (β) 
95% confidential interval P 

Age 0.0115 0.556 0.0045, 0.0185 0.0028 

Systolic blood pressure 0.0011 0.921 –0.0042, 0.0064 0.679 

Triglicerides 0.0008 0.319 –0.0001, 0.0011 0.865 

HDL-cholesterol –0.0032 –0.146 –0.0103, 0.0039 0.355 

Leptin* 0.1792 0.393 0.001, 0.3574 0.0488 

*- log transformation because of the skewed distribution. 
 
Tabel 5. Multiple regression analysis with CIMT as the dependent variable in women with newly diagnosed type 2 diabetes. 

Variable 
Non-standardized 

regression coefficient 
Standardized regression 

coefficient (β) 
95% confidential interval P 

Age 0.0042 0.229 –0.0041, 0.0124 0.3 

Systolic blood pressure 0.0054 0.48 0.0007, 0.01 0.026 

Triglycerides 0.0003 0.058 –0.001, 0.0017 0.625 

HDL-cholesterol –0.0007 –0.023 –0.0031, 0.0016 0.523 

Leptin* 0.09 0.141 –0.1749, 0.3552 0.485 

*- log transformation because of the skewed distribution. 

Copyright © 2011 SciRes.                                  Openly accessible at http://www.scirp.org/journal/JDM/ 
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female, diabetic vs. control, 0.94 ± 0.04 vs. 0.79 ± 0.02 
mm). Also, the authors showed that in diabetic patients 
triglycerides and the total-to-HDL cholesterol ratio were 
significantly correlated to IMT after adjustment for age 
and sex, but in multivariate analysis no independent de- 
terminants of carotid IMT were found. Sigurdardottir et 
al. [23] showed in 271 men, 61 year old (50 with estab- 
lished diabetes, mean HbA1c of 6.66 ± 1.53% and mean 
BMI of 29.6 ± 4.7 kg/m2; 24 newly diagnosed diabetes 
with mean HbA1c of 5.94 ± 1.54% and mean BMI of 
29.8 ± 2.9 kg/m2 and 197 healthy control subjects with 
mean BMI of 25.5 ± 4.3 kg/m2) increased preclinical 
atherosclerotic changes (evaluated by carotid IMT and 
plaque size) and increased inflammation (hsCRP) both 
in men with newly diagnosed and established diabetes 
compared with healthy control subjects. In this study 
waist-to-hip ratio, diabetes onset status (newly diag- 
nosed versus established) and triglycerides were inde- 
pendent correlates of carotid IMT in men with diabetes. 

We found that in patients with newly diagnosed type 2 
diabetes, without cardiovascular diseases and treatment 
for hypertension or dyslipidemia, there are sex diffe- 
rences in the risk of subclinical atherosclerosis. In men, 
in univariate analysis age, SBP, triglycerides and leptin 
correlated positively with CIMT and HDL-cholesterol 
correlated negatively with CIMT and in multivariate 
analysis, age and leptin were independent predictors of 
CIMT and in women, in univariate analysis SBP and 
leptin correlated positively with CIMT and in multivari- 
ate analysis, SBP was an independent predictor of CIMT. 
Leptin, a hormone produce by white adipose tissue, is 
primarily involved in the regulation of food intake and 
energy expenditure. Plasma leptin concentration is in- 
creased in obese subjects and reflects increased adiposity 
and leptin resistance [26-28]. In vitro and in vivo assays 
demonstrated that leptin has multiple atherogenic effects 
such as induction of endothelial dysfunction [29,30], 
stimulation of migration and proliferation of vascular 
smooth cells [31], production of reactive oxygen species 
(ROS) [32] stimulation of inflammatory reaction [33], 
platelet aggregation [34], sympathetic activation [35]. 
Inhibition of leptin signaling may be a promising strat-
egy to slow the progression of atherosclerosis in hyper-
leptinemic obese subjects. According to the concept of 
selective leptin resistance, there is resistance to the ef-
fects of leptin on appetite and thermogenic metabolism, 
whereas its other actions are maintained [36]. There are 
studies which have shown that serum leptin is lower in 
subjects with established diabetes mellitus [37,38]. 

In recent years many studies evaluated the cardiovas- 
cular effects of leptin [39-41]. Wallace et al. [42] 
showed in a large prospective study (the West of Scot-
land Coronary Prevention Study – WOSCOPS) that 

leptin is an independent risk factor for coronary heart 
disease. Reilly et al. [43] found an association between 
plasma leptin levels and coronary artery calcification 
(CAC), a measure of coronary atherosclerosis, in type 2 
diabetes mellitus patients (age, median – 61.3 year in 
men and 56.9 year in women, duration of diabetes, mean 
– 7 year in men and 7.5 year in women and BMI, mean – 
31.5 kg/m2 in men and 31.2 kg/m2 in women), after con-
trolling for traditional measures of obesity and plasma 
CRP. Qasim et al. [44] found in 860 (457 men and 403 
women) healthy, nondiabetic, with family histories of 
premature cardiovascular disease, participants in the 
SIRCA (Study of Inherited Risk of Coronary Athero-
sclerosis) a strong association between leptin and CAC. 
Ciccone et al. [45] showed in 120 healthy subjects (52 
men and 68 women), aged 28.1 ± 7 years in men and 
28.8 ± 7.8 years in women and with a wide range of 
BMI (31.2 ± 9.4 kg/m2 in men and 29.4 ± 8.1 kg/m2 in 
women), that plasma leptin concentrations are inde-
pendently associated with CIMT. Van den Beld et al. [46] 

found no association between plasma leptin levels and 
CIMT in 403 elderly men (aged 73 - 94 years). Boun-
toris et al. [47] found that plasma leptin levels were de-
creased in symptomatic patients undergoing carotid en-
darterectomy. Stork et al. [48] show in 142 non-diabetic 
postmenopausal women, aged 59.1 ± 4.3 years and with 
mean BMI 26.4 ± 4.6kg/m2, that low levels of adi-
ponectin are associated with CIMT progression and in-
creased risk of arterial stiffness progression. The authors 
found no association for leptin. 

In the present study we show that SBP, triglycerides, 
fibrinogen, hs-CRP, insulin, proinsulin, leptin and 
UACR were significantly higher and adiponectin and 
HDL-cholesterol were significantly lower in obese sub-
jects, both newly diagnosed diabetic and non-diabetic, 
compared to non-diabetic, lean subjects. We found no 
difference in the plasma concentration of total choles-
terol, LDL-cholesterol, HDL-cholesterol, fibrinogen, hs- 
CRP, leptin and adiponectin, systolic blood pressure and 
diastolic blood pressure between the diabetic and non- 
diabetic subjects, irrespective of BMI (obese or over-
weight). Plasma triglycerides were higher in both obese 
and overweight newly diagnosed type 2 diabetes, com-
pared to obese and overweight non-diabetic subjects. 
Insulin, HOMA-R and proinsulin were higher in obese 
type 2 diabetic subjects compared to obese non-diabetic 
subjects. Insulin, proinsulin and HOMA-R were higher 
in obese type 2 diabetic subjects compared to overweight 
type 2 diabetic subjects. These data sustained our view[49] 
that the main pathogenic link of type 2 diabetes with 
vascular disease is close related with obesity. Hansen 
and colab.[50] showed in a total of 60 males (20 healthy, 
non-obese subjects, 20 non-obese and 20 obese (BMI >  
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35 kg/m2) type 2 diabetes patients that elevated plasma 
leptin, hsCRP, IL-6 and free fatty acid (FFA) are associ- 
ated with obesity and not necessarily with the type 2 
diabetic state. 

5. CONCLUSION 

Subclinical atherosclerosis is present in patients with 
newly diagnosed type 2 diabetes. Body fat accumulation 
in men and hypertension in women have primary roles in 
development of subclinical atherosclerosis in newly di-
agnosed type 2 diabetic patients. 
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