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Abstract: Type 2 Diabetes is one of the major diseases spread worldwide. Vascular im-
pairment occurs in patients with prediabetes and type 2 diabetes and leads to 
premature development of cerebrovascular, cardiovascular and peripheral-
nerve dysfunction. Ultrasound markers have been studied in order to evaluate 
the vascular impairment in glycemic disorders. Intima Media Thickness (IMT) di-
rectly measures atherosclerotic transformation of the vessel, as for Ankle-Bra-
chial Index (ABI) is a marker of abnormal vascular function or vascular obstruc-
tion in later stage of its development. The current study presents the first results 
from evaluating the -index – new ultrasound marker for early vascular disease 
and its progression in the glycemic impairment. 

Key words:  prediabetes, diabetes type 2, neuropathy, vascular damage, markers 

Address for correspondence:  Silvia Nacheva, M.D., e-mail: drSylvi87@gmail.com 

 

 
     2 -

        
     -

 [14, 23].    
    -

       

,      -
    [22, 30].   

  , -
      -

  ,   -
      

[1, 21, 25, 32, 33, 35]. 

  
ORIGINAL ARTICLES 

  
ORIGINAL ARTICLES 



36 .   .      ... 

 

 

     . 
      

2        
 ,    (   

)   .   -
   ,    

   ù .    
 -index –  ( )  

  (arterial stiffness ).  
      -

 ,    -
,       

 .      
    

 [36].  
„ “    . 

IMT        
      

[24].       
      IMT [4]. ABI  

      -
  ,   -    -

 ù.    ABI  -
     -  -

     [2].  
      

       
,     2  

      
.       

,    2 –   
 ,        

. 

   
      

 : ,  , 
 .   

 ancle-brachial index (ABI),  
-  (IMT), -index (arterial stiffness). 
      -

  (      
, / , HbA1c).     
 body mass index (BMI). 

 
  30     

54.25 . (± 8.95) – 13 (43.3 %)    17 
(56.6%)     2 (4 – , 
6 –  5-  ,  7 –  5-  

).   20    BMI (66.6%), -
     ,  23 

(76.6%) –     . 

     7 (53.8%)  -
    IMT,  5 (38.4%) 

      -index.   
   5 (38.4%)    -

 BMI.      2, 15 
(88.2%)    BMI, 8 (47%)    

  IMT,  12 (70.6%) –   -
  -index.    ABI  -

,  9 (69.2%)     12 
(70.6%)      -

 –     
-   .  

 
. 1.       

     
 

 
. 2.     -

        
  2 

 
     

    2 
     

(ADA)     -
 ,   -

       
 2 [3].    

     -
       

  .    
      

     , 
    , 

   ,   
   [29]. -

       



 , 53, 2017,  5 37  

 

 

       -
    .   

      
     120-    

       
 .   
    -

   [6, 8, 12, 29, 31]. 
   .  

  2       
 :   

/      
      (GIP – 

glucose-dependent insulinotropic polypeptide  GLP-
1 – glucagon-like peptide-1).     

 L-       -
        

  -  -   -
,   -
    . [9] -

       -
     , -

    -
,    ,   

    / -
  -    

    -
  [34].   -

      
.      

     -
 –      

       
:  ,    

      -
    [10, 11, 18, 19].  

     -
    -

,       
- .      

     
    -

       -
. Lukas et al.  2013 .  -

     (IL-5, IL-6, IL-7, 
TNF-   - - - -

 )    , -
   [20].  

      -
     -  

(ADMA)       -
  [15, 17, 27]. , -

       -
 /   -

,        -
  (CRP)   -

 [13, 26, 37].      
     

,     -
       -

 .     
 -      

  ,    
,    

e    [5, 16]. Brownlee -
     -

       
   .   -

       -
 ,  “ ” [7].  

  ,   
       
 IMT, 38.4%        -

index,    5 (38.4%)     BMI.  
   88.2%      2 

  BMI, 47% –    IMT,  
70.6%      -index.  -

  ABI  ,  9 (69.2%)   
  12 (70.6%)     -

  –   -
  -  –  -

.  

 
     -

     
       

     2,   
.      

      -
      -

 .      
    -

    . 
 

 
1. Abraira C, Colwell J, Nuttall F, et al. Cardiovascular events 

and correlates in the Veterans Affairs Diabetes Feasibility 
Trial. Arch Intern Med. 1997; 157:181-8. 

2. Allison MA, Laughlin GA, Barrett-Connor E. Association 
between the ankle-brachial index and carotid intimal medial 
thickness in the Rancho Bernardo Study. Am J Cardiol. 
2006; 15; 98(8):1105-9. 

3. American Diabetes Association (2014) Diagnosis and classifica-
tion of diabetes mellitus. Diabetes Care. 37 Suppl 1: S81-90. 

4. Andreozzi F, Gastaldelli A, Mannino GC, et al. Increased 
carotid intima-media thickness in the physiologic range is 
associated with impaired postprandial glucose metabolism, 
insulin resistance and beta cell dysfunction. Atherosclerosis. 
2013; 229:277-281. 



38 .   .      ... 

 

 

5. Bakker W, Eringa EC, Sipkema P, van Hinsbergh VW. En-
dothelial dysfunction and diabetes: roles of hyperglycemia, 
impaired insulin signaling and obesity. Cell Tissue Res. 
2009; 335:165-189. 

6. Barr EL, Zimmet PZ, Welborn TA, et al. Risk of cardiovascu-
lar and all-cause mortality in individuals with diabetes melli-
tus, impaired fasting glucose, and impaired glucose toler-
ance: the Australian Diabetes, Obesity, and Lifestyle Study 
(AusDiab) Circulation. 2007; 116:151-7. 

7. Brownlee M. Biochemistry and molecular cell biology of 
diabetic complications. Nature. 2001; 414:813-820. 

8. Brunner EJ, Shipley MJ, Witte DR, et al. Relation between 
blood glucose and coronary mortality over 33 years in the 
Whitehall Study. Diabetes Care. 2006; 29:26-31. 

9. Campbell JE, Drucker DJ. Pharmacology, physiology, and 
mechanisms of incretin hormone action. Cell Metab. 2013; 
17:819-837. 

10. Ciccone M, Pestrichella V, Rossi O, et al. Oxidative stress is 
an early marker of endothelial dysfunction? Clin Hemorheol 
Microcirc. 1999; 21:341-342. 

11. Ciccone MM, Bilianou E, Balbarini A, et al. Task force on: 
'Early markers of atherosclerosis: influence of age and sex'. 
J Cardiovasc Med (Hagerstown). 2013; 14:757-766. 

12. DECODE Study Group, the European Diabetes Epidemiol-
ogy Group. Glucose tolerance and cardiovascular mortality: 
comparison of fasting and 2-hour diagnostic criteria. Arch In-
tern Med. 2001; 161:397-405. 

13. Festa A, D'Agostino R Jr, Tracy RP, Haffner SM. Insulin 
Resistance Atherosclerosis Study. Elevated levels of acute-
phase proteins and plasminogen activator inhibitor-1 predict 
the development of type 2 diabetes. The Insuline Resistance 
Atherosclerosis Study. Diabetes. 2002; 51:1131-1137. 

14. Fox CS, Coady S, Sorlie PD, et al. Increasing cardiovascular 
disease burden due to diabetes mellitus: the Framingham 
Heart Study. Circulation. 2007; 115:1544-50. 

15. Goldberg RB. Cytokine and cytokine-like inflammation 
markers, endothelial dysfunction, and imbalanced coagula-
tion in development of diabetes and its complications. J Clin 
Endocrinol Metab. 2009; 94:3171-3182. 

16. He Z, King GL. Microvascular complications of diabetes. 
Endocrinol Metab Clin North Am. 2004; 33:215-238. 

17. Konukoglu D, Firtina S, Serin O. The relationship between 
plasma asymmetrical dimethyl-L-arginine and inflammation 
and adhesion molecule levels in subjects with normal, im-
paired, and diabetic glucose tolerance. Metabolism. 2008; 
57:110-115. 

18. Koya D, Haneda M, Nakagawa H, et al. Amelioration of ac-
celerated diabetic mesangial expansion by treatment with a 
PKC beta inhibitor in diabetic db/db mice, a rodent model for 
type 2 diabetes. FASEB J. 2000; 14:439-447. 

19. Koya D, Jirousek MR, Lin YW, et al. Characterization of 
protein kinase C beta isoform activation on the gene expres-
sion of transforming growth factor-beta, extracellular matrix 
components, and prostanoids in the glomeruli of diabetic 
rats. J Clin Invest. 1997; 100:115-126. 

20. Lucas R, Parikh SJ, Sridhar S, et al. Cytokine profiling of 
young overweight and obese female African American adults 
with prediabetes. Cytokine. 2013; 64:310-315. 

21. Meinert CL, Knatterud GL, Prout TE, Klimt CR. A study of 
the effects of hypoglycemic agents on vascular complica-
tions in patients with adult-onset diabetes. II. Mortality re-
sults. Diabetes. 1970; 19: Suppl:789-830. 

22. Moss SE, Klein R, Klein BE, Meuer SM. The association of 
glycemia and causespecific mortality in a diabetic popula-
tion. Arch Intern Med. 1994; 154:2473-9. 

23. Moss SE, Klein R, Klein BE. Causespecific mortality in a 
population-based study of diabetes. Am J Public Health 
1991; 81:1158-62. 

24. O’Leary DH, Polak JF, Kronmal RA, et al. Carotid artery 
intima and media thickness as a risk factor for myocardial in-
farction and stroke in older adults. N Engl J Med. 1999; 
340:14-22. 

25. Ohkubo Y, Kishikawa H, Araki E, et al. Intensive insulin 
therapy prevents the progression of diabetic microvascular 
complications in Japanese patients with non-insulin-
dependent diabetes mellitus: a randomized prospective 6-
year study. Diabetes Res Clin Pract. 1995; 28:103-17. 

26. Pasceri V, Willerson JT, Yeh ET. Direct proinflammatory 
effect of C-reactive protein on human endothelial cells. Cir-
culation. 2000; 102:2165-2168. 

27. Rittig K, Peter A, Baltz KM, et al. The CCR2 promoter poly-
morphism T-960A, but not the serum MCP-1 level, is asso-
ciated with endothelial function in prediabetic individuals. 
Atherosclerosis. 2008; 198:338-346. 

28. Sarwar N, Gao P, Seshasai SR, et al. Diabetes mellitus, 
fasting blood glucose concentration, and risk of vascular 
disease: a collaborative meta-analysis of 102 prospective 
studies. Lancet. 2010; 375:2215-22. 

29. Sarwar N, Gao P, Seshasai SR, et al. Diabetes mellitus, 
fasting blood glucose concentration, and risk of vascular 
disease: a collaborative meta-analysis of 102 prospective 
studies. Lancet. 2010; 375:2215-22. 

30. Selvin E, Marinopoulos S, Berkenblit G, et al. Meta-analysis: 
glycosylated hemoglobin and cardiovascular disease in dia-
betes mellitus. Ann Intern Med. 2004; 141:421-31. 

31. Seshasai SR, Kaptoge S, Thompson A, et al. Diabetes melli-
tus, fasting glucose, and risk of cause-specific death. N Engl 
J Med. 2011; 364:829-41. 

32. Shichiri M, Kishikawa H, Ohkubo Y, Wake N. Long-term 
results of the Kumamoto Study on optimal diabetes control 
in type 2 diabetes patients. Diabetes Care 2000; 23:Suppl 
2:B21-B29. 

33. Stettler C, Allemann S, Jüni P, et al. Glycemic control and 
macrovascular disease in types 1 and 2 diabetes mellitus: 
meta-analysis of randomized trials. Am Heart J. 2006; 
152:27-38.  

34. Szmitko PE, Leiter LA, Verma S. The incretin system and 
cardiometabolic disease. Can J Cardiol. 2010; 26:87-95. 

35. UK Prospective Diabetes Study (UKPDS) Group. Intensive 
blood-glucose control with sulphonylureas or insulin com-
pared with conventional treatment and risk of complications 
in patients with type 2 diabetes (UKPDS 33). Lancet 1998; 
352:837-53. 

36. Wada T, Kodaira K, Fujishiro K, et al. Correlation of ultra-
sound-measured common carotid artery stiffness with patho-
logical findings. Arterioscler Thromb Vasc Biol. 1994; 
14:479-482. 

37. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-
reactive protein in healthy subjects: associations with obe-
sity, insulin resistance, and endothelial dysfunction: a poten-
tial role for cytokines originating from adipose tissue? Arte-
rioscler Thromb Vasc Biol. 1999; 19:972-978. 

    28  2017 . 

 


