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A b s t r a c t: The study was aimed to determine factors of carotid intima-media 

thickness (CIMT) in a population of patients with type 2 diabetes (T2D). 
A survey was conducted on 370 patients (mean age 60.3 ± 8.3 years and diabe-

tes duration 8.6 ± 6.2 years) with T2D and coronary artery disease. Multivariate linear 
regression analysis was built to define the factors of CIMT, when age, systolic and dia-
stolic blood pressure, weight, body mass index, waist circumference, glycaemia, urea, 
creatinin, triglycerides, total cholesterol, LDL-, HDL-, and non-HDL-cholesterol were 
put in a model. 

Mean CIMT of 0.8992 ± 0.1529 mm, and its maximal value of 0.9905 ± 1.946 
mm was detected in this study population. Regression analysis demonstrated that mean 
and maximal CIMT were independently influenced by age, blood creatinin, diastolic 
pressure and non-HDL cholesterol, as well. 

The results have clinical value in defining target groups in patients with T2D 
and arterial hypertension, higher non-HDL cholesterol and blood creatinin, and those-
that are older have a greater probability of detection of increased CIMT. 
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Introduction 
 

Diabetes mellitus (DM) has been recognized as an independent risk 
factor for carotid artery disease in the general population [1]. Its onset in pts 
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with DM is influenced by arterial hypertension, hyperlipidemia and inflamatory 
biomarkers [2, 3]. 

The IRAS study defined postprandial glycemia as a risk factor for 
carotid IMT in the non-diabetic population and hypercholesterolemia as a risk 
factor for CIMT in diabetic pts [4, 5]. However, not many studies have dealt 
with risk factors for carotid IMT value in pts with DM. 

The study was aimed to determine factors of carotid intima-media thi-
ckness (CIMT) in a population of patients with type 2 diabetes (T2D). 

 
 

Patients and methods 
 

A survey was conducted on 370 patients (mean age 60.3 ± 8.3 years and 
diabetes duration 8.6 ± 6.2 years) with T2D and coronary artery disease. The 
study was carried out in the Vascular Lab of the University Cardiology Clinic, 
Skopje, over the period 2005–2008. Type 2 diabetes was defined based on the 
criteria of the International Diabetes Federation. Coronary artery disease in the 
evaluated population is defined as symptomatic CAD, angiographically confirmed. 

Evaluation for CARD was done by the HP Agilent S4500 ultrasound 
system. CIMT was measured by B-mode ultrasound using a linear transducer 
(7.5–10 MHz) and presented as the mean value of two measurements from both 
sides of common carotid arteries. Carotid IMT was defined as the distance from 
the leading edge of the first echogenic line to the leading edge of the second 
echogenic line on the scans, with the first line representing the lumen-intimal 
interface and the second line representing the collagen-containing upper layer of 
the adventitia. IMT with a value equal to or great than 0.8 mm was defined as 
increased IMT. The observer was blind to patients’ risk factors. 

Standard laboratory tests were performed in the evaluated patients. 
Blood pressure was measured with a standard sphygmomanometer in a sitting 
position and presented as a mean value of two readings (in mmHg). Anthropo-
metric measurements were made with the patient wearing lightweight clothing 
and no shoes. Weight was presented in kilograms (kg) and Body Mass Index 
(BMI) in kg/m2. Waist and hip circumferences were measured with a plastic 
tape meter at the level of the umbilicus and of the major trochanter. 

Multivariate linear regression analysis was built to define the factors of 
CIMT when age, systolic and diastolic blood pressure, weight, body mass index, 
waist circumference, glycemia, urea, creatinin, triglycerides, total cholesterol, 
LDL- ,HDL- , and non-HDL cholesterol were put into a model. 
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Results 
 
  In the study population we found these estimated parameters (Table 1). 
 
Table 1 

 
Values of estimated risk factors 

Parameters Mean. Std. Dev. 
Sys.TA (mmHg) 144.26 19.56 
Waist (cm) 96.97 8.00 
Hip 52.96 6.43 
High 169.07 7.59 
Weight (kg) 82.38 12.61 
BMI (kg/m2) 28.75 4.07 
GL (mmol/L) 8.49 2.47 

HOL. 5.39 1.37 
HDL 1.05 0.44 
NON.HDL 4.28 1.36 
LDL 3.37 1.00 
TR 1.98 1.04 

We measured a mean value of CIMT (CIMTx) of 0.8992 ± 1.529 mm, 
and its maximal value (CIMTm) = 0.9905 ± 1.946 mm (Figure 1). 
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Figure 1 – CIMT values in study population 
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Multiple regression analysis (shown in Table 2) demonstrated that mean 
and maximal values of CIMT were independently associated with age (Figure 
2), blood creatinin and diastolic pressure. Maximal value CIMT was influenced 
by non-HDL cholesterol, also (Figure 3). 
 
Table 2 
 

Multiple regression analysis for factors of CIMT 

Model    Beta    Sig 95% CI (B) 95% CI(B) 

IMT 
mean   

Const  0.000 .293 .699 

  Age 0.154 0.004 .001 .005 
  Creatinin 0.136 0.011 .000 .001 
  Diast.press 0.111 0.036 .000 .004 

IMT max Const  0.001 .173 .669 
  Non HDL 0.190 0.000 .013 .043 
  Creatinin 0.142 0.007 .000 .001 
  Age 0.136 0.010 .001 .006 
  Diast.press 0.104 0.048 .000 .004 
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Figure 2 – Linear regression depenedence of CIMTm from age of pts 
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Figure 3 – Linear regression depenedence of CIMTx from non-HDL cholesterol 

 
 

Discussion 
 

Previous studies referred to increased mean CIMT in the diabetic popu-
lation vs. those in the general population (Table 3). IRAS and ARIC studies 
referred to CIMT value = 0.91 and 0.88 mm in populations with diabetes and 
metabolic syndrome [6, 7]. These values are comparable with CIMT values 
derived from our study.  

Every change of blood creatinin value of 1 mmol/L is responsible for 
increasing CIMT by 14%, according to our results. Patients with manifest nephro-
pathy were excluded from the study.  

Some previous studies referred to the fact that carotid atherosclerosis is 
more prominent in pts with early diabetic nephropathy and T2D [8–12]. Blood 
creatinin value represents kidney function and its impairment. Diabetic nephro-
pathy even in an early phase is a marker for general atherosclerosis. Therefore 
there is a connection with CIMT. Another explanation is that nephropathy and 
carotid atherosclerosis share the same risk factors: arterial hypertension, which 
is very frequent and a component of metabolic syndome. A third explananation 
is that kidney impairment accelerates carotid atherosclerosis in the type 2 diabe-
tic population [13–15]. The most logical explanation is that increasing of CIMT 
is a part of the process of atherosclerosis and could predict diabetic nephropathy 
in its early phases.  
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Table 3 
 

Studies on CIMT in populations with T2DM and/or coronary artery disease 

Author No pts Age               CIMT (mm) 
Folsom 263 (244) 45 ± 64 0.8498 + 0.0127 (0.7347 + 0.0098) 
Hedbland 170 (130) 59 ± 6 0.86 + 0.0169     (0.81 + 0.0173) 
Wakenknecht 272 57 ± 8 0.890 + 0.00166 
Ishizaka 166 60 ± 9 0.82 + 0.0194 
Wei 185 54 ± 8 0.84 + 0.02 (0.73 + 0.01) 
Henry 301 67 ± 8 0.88 + 0.0098 
Taniwaki 271 51 ±10 1.004 + 0.0266 
El-Bargouri 250 51 ± 8 0.798 + 0.0152 (0.797 + 0.0185) 
Yamasaki 252 30 ± 6 1.087 + 0.0334 
Rajala 54 62 ± 2 0.99 + 0.0422 
Niskanen 84 67 ± 1 1.21 + 0.04 
Geroulakis 97 49 ± 7 0.83 + 0.0234 
Toumilehro 44 70 ± 8.9 1.28 + 0.1447 
Temelkova 71 57 ± 1 0.98 + 0.03 
Guvener 70 58 ± 11 0.74 + 0.0239 
Bonora 56 57 ± 8 1.44 + 0.020 
Pujia 54 54 ± 10 0.765 + 0.0176 
Visona 29 53 ± 6 0.90 + 0.0216 
Keven 19 48 ± 9 0.91 + 0.0252 
Sugurdadomir 44 66 0.87 + 0.0281 
Mohami 140 55 ± 13 0.87 + 0.0281 
Bosevski 340 60.3 ± 8.3 0.8965 + 0.1601 
Lorenz* 5052 19–90  
Hodis* 100 54  

*Studies are meta-analysis for CIMT. 

The Malmo study referred to age as an independent factor for increased 
CIMT in the general population [16]. Studies of the influence of age on CIMT 
in the diabetic population are lacking. Because of structural changes during 
ageing, CIMT has been thickened in the older population. How important it is in 
imparied gluco-metabolic conditions is not well understood. Ageing by one year 
is responsible for an increase of CIMT by 15%, according to our results. The 
systematic review by Brohall presents DM as an independent risk factor for 
CIMT, which is equivalent to ageing by 10 years [17].  

Our multivariate analysis reaveled non HDL-cholesterol and diastolic 
blood pressure as independent risk factors for CIMT in the T2D population. 
Arterial hypertension and hyperlipidaemia were defined as independent risk 
factors for advanced carotid artery disease in T2D patients, earlier [18]. Sands 
trial has shown vascular remodelling and CIMT thickening due to arteial hyper-
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tension and hyperlipidemia in the general population [19]. Our results confirm 
the predictivity of these risk factors for CIMT in type 2 diabetic patients.  

 
 

Conclusion 
 

Our data revealed age, blood creatinin, non HDL cholesterol and diastolic 
pressure as indepenedent risk factors for CIMT in the T2D population. The 
results have clinical value in defining target subgroups in patients with T2D: 
and arterial hypertension, higher non-HDL cholesterol and blood creatinin, and that 
older ones to have a greater probability of showing symptoms of increased CIMT. 
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R e z i m e 
 

ZADEBELUVAWETO NA KAROTIDNATA INTIMA-MEDIJA 
KAJ PACIENTITE SO TIP 2 DIJABETES:  

POPRE^NA STUDIJA ZA FAKTORITE NA VLIJANIE 
 

Bo{evski M., Соработници* 
 

Медицински факулtеt, Универзиtеtска клиника за кардиолоgија, 
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Studijata ima{e za cel odreduvawe na faktori na rizik koi vli-

jaat na vrednosta na zadebeluvaweto na karotidnata intima-medija (kIMZ) 
kaj pacientite so tip 2 dijabetes (T2D). 

Be{e izvedena popre~na studija na 370 pacienti (sredna vozrast 
60,3 ± 8,3 godini i vremetrawe na dijabetes 8,6 ± 6,2 godini). Multivari-
jantna linearna regresiona analiza be{e napravena so cel дa се defini-
raат faktorite na kIMZ otkako vozrasta, sistolniot i dijastolniot krven 
pritisok, te`inata, indeksot na telesna masa, obemot na strukot, glike-
mijata, ureata, kreatininot, trigliceridite, vkupniot holesterol, LDL- 
HDL- i non-HDL holesterolot bea vneseni vo modelot. 

Be{e odredena sredna vrednost na kIMЗ od 0,8992 ± 0,1529 mm i 
nejzina maksimalna vrednost od 0,9905 ± 1,946 mm. Regresionata analiza gi 
prika`a vozrasta, kreatininot, dijastolniot pritisok i non-HDL holeste-
rolot za nezavisni faktori na kIMZ. 

Rezultatite imaat klini~ko zna~ewe vo definiraweto na celni 
poтgрupi na pacienti so T2D i: arteriska hipertenzija, visok non-HDL 
holesterol i kreatinin, kako i onie povozrasnite kade што o~ekuvame po-
golema verojatnost za odreduvawe na zgolemena vrednost na zadebeluvaweto 
na karotidnata intima-medija. 
 
Klu~ni zborovi: kIMZ, тип 2 дијабетес, креатинин, возраст, нон- HDL холестерол. 
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Table 1. Values of estimated risk factors 
 

Parameters Mean. Std. Dev.
Sys.TA 
(mmHg) 

144,26 19,56

Waist (cm) 96,97 8,00
Hip  52,96 6,43

High  169,07 7,59

Weight (kg) 82,38 12,61

BMI (kg/m2) 28,75 4,07

GL (mmol/L) 8,49 2,47
HOL. 5,39 1,37

HDL 1,05 0,44
NON.HDL 4,28 1,36

LDL 3,37 1,00

TR 1,98 1,04
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Figure 1. CIMT values in study population 
Grafikon 1. Vrednosti na KIMT vo ispituvnata populacija 
 
Table 2. Multiple regression analysis for factors of CIMT 
Tabela 2. Multivarijantna regresiona analiza za faktori na 

KIMT 
Model   Beta  Sig 95% CI 

(B)
95% 
CI(B) 

IMT 
mean   

Const  0,000 ,293 ,699

  Age 0,154 0,004 ,001 ,005
  Creatinin 0,136 0,011 ,000 ,001
   

Diast.pres
s. 

0,111 0,036 ,000 ,004

IMT 
max 

Const  0,001 ,173 ,669

  Non HDL 0,190 0,000 ,013 ,043
  Creatinin 0,142 0,007 ,000 ,001
  Age 0,136 0,010 ,001 ,006
  Diast.pres

s 
0,104 0,048 ,000 ,004
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Figure 2. Linear regression depenedence of CIMTm from age of pts  
Grafikon 2. Linearna regresiona zavisnost na maks. KIMT od 
vozrasta na pacientot.  
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Figure 3. Linear regression depenedence of CIMTx from non-HDL cholesterol 
Grafikon 3. Linearna regresiona zavisnost na srednata vrednost 
KIMT od non-HDL holesterolot. 
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Table 3. Studii za kIMT vo populaciite so T2DM i/ili KAB 
Table 3. Studies on CIMT in populations with T2DM and/or coronary artery 
disease 
 
Author No pts Age               CIMT (mm) 
Folsom 263 (244) 45+64 0,8498+0,0127 

(0,7347+0,0098) 
Hedbland 170(130) 59+6 0,86+0,0169     (0,81+0,0173) 
Wakenknecht 272 57+8 0,890+0,00166 
Ishizaka 166 60+9 0,82+0,0194 
Wei 185 54+8 0,84+0,02 (0,73+0,01) 
Henry 301 67+8 0,88+0,0098 
Taniwaki 271 51+10 1,004+0,0266 
El-Bargouri 250 51+8 0,798+0,0152 (0,797+0,0185) 
Yamasaki 252 30+6 1,087+0,0334 
Rajala 54 62+2 0,99+0,0422 
Niskanen 84 67+1 1,21+0,04 
Geroulakis 97 49+7 0,83+0,0234 
Toumilehro 44 70+8,9 1,28+0,1447 
Temelkova 71 57+1 0,98+0,03 
Guvener 70 58+11 0,74+0,0239 
Bonora 56 57+8 1,44+0,020 
Pujia 54 54+10 0,765+0,0176 
Visona 29 53+6 0,90+0,0216 
Keven 19 48+9 0,91+0,0252 
Sugurdadomir 44 66 0,87+0,0281 
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Mohami 140 55+13 0,87+0,0281 
Bosevski 340 60,3+ 8,3 0,8965+0,1601 
Lorenz* 5052 19-90  
Hodis* 100 54  
 
*Studies are meta-analysis for CIMT.  

 
 

Zadebeluvaweto na karotidnata intima-medija kaj pacientite so  
tip 2 dijabetes: Popre~na studija za faktorite na vlijanie 

 
Rezime 
 
Studijata ima{e za cel odreduvawe na faktori na rizik koi 

vlijaat na vrednosta na zadebeluvaweto na karotidnata intima-
medija (kIMZ) kaj pacientite so tip 2 dijabetes (T2D). 

Be{e izvedena popre~na studija na 370 pacienti (sredna 
vozrast 60,3 + 8,3 godini and vremetrawe na dijabetes 8,6 + 6,2 
godini). Multivarijantna linearna regresiona analiza be{e 
napravena so cel na definirawe na faktorite na kIMZ otkako 
vozrasta, sistolniot i dijastolniot krven pritisok, te`inata, 
indeksot na telesna masa, obemot na strukto, glikemijata, ureata, 
kreatininot, trigliceridite, vkupniot holesterol, LDL- HDL- i 
non-HDL holesterolot bea vneseni vo modelot. 

Be{e odredena sredna vrednost na kIMT od 0,8992 + 0,1529 
mm i nejzina maksimalna vrednost od 0,9905 + 1,946 mm. Regresionata 
analiza gi prika`a vozrasta, kreatininot, dijastolniot pritisok i 
non-HDL holesterolot za nezavisni faktori na kIMZ. 

Rezultatite imaat klini~ko zna~ewe vo definiraweto na 
celni podrgupi na pacienti so T2D i: arteriska hipertenzija, visok 
non-HDL holesterol i kreatinin, kako i onie povozrasnite kade 
o~ekuvame pogolema verojatnost za odreduvawe na zgolemena 
vrednosta na zadebeluvaweto na karotidnata intima-medija.  

 
 


