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 PAI-1. 
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.  C. Beutler  
 ( )  ( )  GSSG ( )  

 GSH ( ).  
-, -  

 (20 )  
  

 ( ), . 
., 1977. 

,  
,  in vitro  

 VEGF (G/C)  PAI-1 (4G/5G)  
.  

,  
. 
 

). :  
 – 38 ( ,  

),  – 5 
,  

),  – 2.  
 

 MS EXCEL XP,  STATSOFT STATISTICA 10.0   Windows,  SPSS 
17.0  Windows)  AtteStat,  13.1.  

 p<0,05,  
 U- –

.  
 ROC- .  

 

  
 2  

  
 1.  AVA 

1-3=0,002),  AVD ( 1–3=0,025)  
 (Meanv) ( 1–3=0,006).  
 2  

 AVA ( 1–4=0,005),  AVD ( 1–4=0,050), 
 Meanv  Meanc ( 1–4=0,005 1–4=0,001 ), 

 Mtrv ( 1–4=0,001)  Slc ( 1–4=0,007, 
–4=0,009).  
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,  2  
 AVA (p1–5=0,001, p2a–5=0,001, p2b–5=0,006, 3–5=0,001, 

4–5=0,001).  2 ,  
 AVD ( 1–5=0,050).  (Net)  

 2  (p3–4=0,039). 
 PVO  2   

 2   (p1–4=0,001  p1–5=0,001 ).  
  

 2 ,  
 Mtrv (p1–5=0,032), Slc (p1–5=0,024). , ,  Sla  

 
 (p1–5=0,022, p2a–5=0,002, p3–5=0,021, p4–5=0,021). 

 1. – , ,  
,  ( ) (Me (LQ;UQ) 

  1 
(n=41) 

 2a 
(n=32) 

 2b 
(n=24) 

 3 
(n=59) 

 4 
(n=41) 

 5 
(n=40) 

AVA 2,0 (0,0;2,0) 2,0 (0,0;2,0) 2,0 (2,0; 4,0) 2,0 (2,0;2,0) 2,0 (2,0;2,0) 4,0 (4,0;4,0) 
AVD 0,5 (0,0;1,0) 1,0 (0,0;1,0) 0,5 (0,5;1,0) 1,0 (1,0;1,0) 1,0 (1,0;1,0) 1,0 (1,0;1,0) 
Meanv 0,0 (0,0;1,0) 0,0 (0,0;1,0) 1,0 (0,0;1,0) 1,0 (0,0;1,0) 1,0 (0,0;1,0) 1,0 (0,0;1,0) 
Mean  0,0 (0,0;0,0) 0,0 (0,0;0,0) 0,0 (0,0;1,0) 0,0 (0,0;1,0) 1,0 (0,0;1,0) 0,0 (0,0;1,0) 
PVO 0,0 (0,0;0,5) 0,0 (0,0;1,0) 1,0 (0,5;1,0) 0,5 (0,5;1,0) 0,5 (0,5;1,0) 1,0 (0,5;1,0) 
Mtrv  0,0 (0,0;1,0) 0,0 (0,0;1,0) 1,0 (0,0;1,0) 0,0 (0,0;0,0) 1,0 (0,0;1,0) 1,0 (0,0;1,0) 
Sl  0,0 (0,0;0,0) 0,0 (0,0;0,0) 0,0 (0,0;2,0) 0,0 (0,0;0,0) 0,0 (0,0;0,0) 0,0 (0,0;2,0) 
Slv 1,0 (1,0;1,0) 1,0 (0,0;1,0) 1,0 (1,0;1,0) 0,0 (0,0;0,0) 1,0 (1,0;1,0) 1,0 (1,0;1,0) 
Sl  1,0 (0,0;1,0) 1,0 (0,0;1,0) 1,0 (1,0;1,0) 1,0 (0,0;1,0) 1,0 (1,0;1,0) 1,0 (1,0;1,0) 

 
 

 

7,5  
(4,5;9,0) 

9,5  
(0,0;10,0) 

9,0  
(8,8;10,8) 

9,0  
(8,0;11,0) 

10,5  
(9,0;11,0) 

11,0 
(9,0;12,0) 

 
-

 
 

2,0  
(1,0;2,0) 

2,0  
(0,0;2,0) 

4,0  
(2,0;4,0) 

2,0  
(1,0;2,0) 

2,0  
(2,0;4,0) 

4,0  
(2,0;4,0) 

-
 

 

0,0  
(0,0;0,5) 

0,0  
(0,0;1,0) 

1,0  
(0,5;1,0) 

0,5  
(0,5;1,0) 

0,5 
(0,5;1,0) 

1,0  
(0,5;1,0) 

 9,0 
(6,5;11,0) 

11,8  
(0,0;13,3) 

14,0  
(13,0;14,8) 

12,5 
(10,0;13,5) 

12,05 
(12,5;14,0) 

15,0  
(13,0;16,3) 

,  
,  

  
 2 ,  2   

 I . (p1–2b=0,001, p1–4=0,001, p1–5=0,001). 
  

 2  2  
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(p1–4=0,001, p1–5=0,001).  
 

(p1–2b=0,001, p1–3=0,001, p1–4=0,001, p1–5=0,001),   
. 

 Roc- ,  2  
 (70,7%)  (92,9%)  

,  Meanc (AUC=0,818±0,049) (  1).  
 2   

 AVA,  – 81,25%, 
 – 97,62% (AUC=0,926+0,028) (  2). 

 
 1. – Roc-  Meanc  

 2  

 
 2. – Roc-  AVA  

 2  
 

  
 2  

 
 (86,43 (36,49;130,36) . ./ ),  

.  
 2 : 

62,03 (42,53;77,21) . ./  (p1–5=0,017),  
 2  (65,24 (30,55;89,47) . ./ ) (p1–4=0,025). 

  
 2  (19,59 (11,06;29,17) ),   

 2 ,  (8,12 (3,87;13,19) ) (p1–5=0,002),  
.  

 2  
(60,13 (50,25;70,12) )  (44,38 
(34,14;55,73) ) (p1–5=0,005).  

0

20

40

60

80

100

0 20 40 60 80 100
100-

0

20

40

60

80

100

0 20 40 60 80 100
100-
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 2   
 (0,046 (0,023;0,103) ),   

 (0,021 (0,006;0,048) ) (p1–5=0,015). 
 GSH  2  (1,34 

(0,61;1,41) )  2  (2,08 (2,08;2,92 )   
 (2,53 (2,29;3,15) ) (p1–5=0,001  p1–4=0,024 

). 
 

GSSG:  0,36 (0,31;0,40)  0,35 (0,31;0,39)  
 I .  0,33 (0,30;0,38)   

 ( =0,026 =0,042 ). 
 (69,48 (59,09;85,93)%) 

 2  (62,24 (47,60;71,39)%) 
(p3-5=0,032).  2  

 (R= –0,5, 
p<0,05) (  3).  

r = -0,5, p<0,05

-20 0 20 40 60 80 100 120
20

22

24

26

28

30

32

34

36

 
 3. – C  2  

 
 

.  
  

.  
±1,96 , .  

, ,  
 2 ,   

 
.  
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 73,17–109,63 . ./ . 
 109,63 . ./  2  2  

 
,  5,0% (2)  10,0% (4)  42,1% (16)  
 (F1–4=0,2, 1–4=0,001  F1–5=0,1, 1–5=0,006).  

 7,17–14,93 ,  –  
40,11–48,49 .  2  

 14,93  
(57,1% (16))  48,49  (77,8% (28))  

 (22,5% (9)  42,5% (17) )  
2
1–5=8,5, 1–5=0,018 2

1–5=6,6, 1–5=0,010 ). 
 GSH  

 GSSG  2 ,  
.  GSH  2,40–3,30 , 

 GSSG – 0,31–0,35 .  GSH ,  
,  2  

:  87,5% (35)  26,8% (11)  ( 2
1–5=30,4, 

1–5=0,001),   
GSSG>0,35  77,5% (31) ,  

 53,7% (22) ( 2
1–5=5,1, 1–5=0,048).  

,  GSSG  
,  GSH –   

 83,3% (20)  ( 2
1–2b=5,8, 1–2b=0,043 2

1–2b=19,4 1–2b=0,001 
).  

 2  
GSSG (<0,31 )  68,3% (28) ,  GSH (<2,40 ) –  
 73,2% (30) ,  –  34,2% (14)  
 26,8% (11)  ( 2

1–4=10,3 1–4=0,010 2
1–4=17,6 1–4=0,001 

).  
 PAI-1  VEGF  

 
 2  

 G/  VEGF  2 , 
 26  35  4,  74,3%   

 2 ,  
 4  37  (10,8%) (F=0,1, =0,001)  

 4).  (0%)  
 15  (16,9%). 

 G/G  34  (89,5%)  38 
 4  14 2 (10,5%) ( 2=16,3, =0,002).  
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 G/G  VEGF   
.  

 
 4. –  VEGF  2  

 
 

 PAI-1  
 (  5) ,  2   

 5G/5G  PAI-1. 
 16  35 ,  

46,7%  5  37  2  (11,1%) ( 2=9,1, 
=0,003). ,  4G 

 ( 2=11,0, =0,001).  
 48  26 – , 

 5  26  4G/4G –  
.  

 
 5. –  PAI-1  

 
 VEGF  PAI-1,  

 
 2  

 GSH  (r=–0,4, p<0,05). 
 

 GSH (r=–0,3, p<0,05)  
 (r=0,3, p<0,05).  

70,3%

10,8%

18,9%

25,7%

74,3%

0

0 20 40 60 80

G/G

G/C

C/C

2-

2-

 2  + 

 2 

44,4%

44,4%

11,1%

20%

33,3%

46,7%

29,2%

50%

20,8%

0 10 20 30 40 50 60

44

45

55

2-

2-

 2  +  
 2  

5G/5G 
 
 
4G/5G 
 
 
4G/4G 
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,  4G/4G  PAI-1  GSH  
 (0,78 (0,47;1,26) )   

 5G/5G  PAI-1 (1,34 (0,88;1,98) ) ( =0,035)  
 4G/5G  PAI-1 (1,46 (0,83;2,14) ( =0,037)).  

4G/5G  PAI-1  GSSG (0,33 
(0,31;0,37) )  5G/5G (0,37 
(0,32;0,40) ( =0,040).  4G/5G  PAI-1  
GSH  (1,46 (0,83;2,14) )   

 4G/4G  PAI-1 (0,77 (0,47;1,26) ) 
=0,023).  4G/5G  

PAI-1 (61,34 (49,06;75,93) )  4G/4G   
PAI-1 (55,81 (38,76;63,89)  ( =0,006)). Meanc   

 4G/4G  PAI-1 (1,00 (0,00;1,00) )   
 4G/5G (0,0 (0,0;0,0) ) ( =0,017).  

 
 

 2  
 

 ( ) (85 ),   
(25 )  (41 ).   

 AVA  
 Meanv (2,0 (2,0;2,0)  1,0 (0,0;1,0) )  

 (2,0 (0,0;2,0)  0,0 (0,0;0,0)  
) (p=0,012  p=0,007 ).  

 PVO (0,5 (0,0;1,0) 
),  (Cal) (1,0 (1,0;1,0) ), Mean  

(1,0 (0,0;1,0) ), Meanv (1,0 (0,0;1,0) ), a  AVD 
(1,0 (1,0;1.0) )  AVA (2,0 (2,0;4,0) ),  

  
 0,5 (0,0;0,5)  PVO, 1,0 (0,0;1,0)  

Cal, 0,0 (0,0;0,0)  Mean  Meanv 0,5 (0,0;1,0)  AVD  2,0 
(0,0;2,0)  AVA (p=0,019; p=0,007; p=0,001; p=0,001; p=0,003  p=0,001 

).  GSH (2,12 
(1,34;2,86) )  (2,53 (2,29;3,16 ) 

=0,009). 
 

 
 

, .  
,  
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, , 
 « », .  

 
, , 

 (FC, PVO, AVD, AVA, Net, Cal, 
Meanv, Meanc, Slv, Slc, Sla),  ( , , , ,  
GSSG, GSH ),  2 ,  

, , , , , 
, , , 

), , -
, .  

 
 (  ( )  – 0, 1, 2, 3, 4)  

 
 (  6).  

  
,  

.  
, . 

,  
,  

.  

 
0 – ; 1 –  2 ; 2 –  2 ; 3 –  I .;  

4 –  

 6. –  2  

 7.  
,  

 2  
 I . ,  FC  

(3 ),  AVA (4 ), Slv  Slc (  1 ),  
 

. , ,  
, , 

. 
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0 – ; 1 –  2 ; 2 –  2 ; 3 –  I .;  

4 –  

 7. –  

,  
,  

, , ,  
. 

 

 
1.  2  

 
.  

GSSG:  0,33 (0,30;0,38)  0,36 (0,31;0,39)  
 I .  0,33 (0,31;0,37)   

 ( =0,026 =0,042 ).  
 2  

 (65,03 (42,53;77,21) . ./ , =0,025),  
 [1, 2, 

4, 8, 10, 12, 13,14, 15, 16, 17, 18, 19, 22, 24, 26].  
2.  2  

 (  AVA, 
 PVO, Meanc, Mtrv, Sla, Slc)  

 2 . 
 2 :  

 AVA,  PVO  Sla.  
 

.  
,  

-  2   
 I . [2, 5, 8, 9, 10, 23, 20, 26]. 

3.  
 2  Meanc 

 – 70,73%,  – 92,86% (AUC=0,818±0,0493)),  
 2  –  AVA 
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 – 81,25%,  – 97,62% (AUC=0,926±0,0280)). 
 2  

 (65,03 (42,53;77,21) . ./ , =0,025),  
 

 [2, 5, 9, 20]. 
4.  G/G  VEGF  

 (p=0,024)  
 2  ( =0,002).  G  VEGF 

 ( =0,002), 
.  5G/5G  PAI-1 
 2  ( =0,003).  4G 

 ( =0,001) [3, 6, 10, 11, 21, 25]. 
5. ,  

FC, PVO, AVD, AVA, Net, Cal, Meanv, Meanc, Slv, Slc, Sla , , , 
, ,  GSSG, GSH  

 I .  
,  

.  
 
 

 [7]. 
 

1.  
 

 2 . 
2.  

 
 2 . 

3.  2  5G/5G  PAI-1 
,  

. 
4. ,  2   

 
 «  

  
». 

5.  
 
  

,  2 . 
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RESUME 
 

Shyshko Olga Nikolaevna 
Antioxidant status, microcirculation and geneti  polymorphism  

in patients with prediabetes and type 2 diabetes  
 

Key words: prediabetes, type 2 diabetes (T2D), antioxidant status, 
microcirculation, genetic polymorphism, plasminogen activator inhibitor, vascular 
endothelial growth factor, artificial neuronal network.  

Aim of research: to reveal peculiarities of changes that characterize bulbar 
conjunctiva microcirculation, antioxidant status and to estimate genetic 
polymorphism that predispose to ischemic heart disease (ICD) and glomerular 
filtrating rate (GFR) decrease in patients with prediabetes and T2D.  

Methods of research: clinical, instrumental, laboratory, molecular-genetic, 
statistic. 

Results of research and their novelty. It was estimated that microcirculation 
changes are characterized by arteriolo-venular anastomosis increase, decrease of 
arteriolar venular ratio, perivascular edema, meandric tortuosity of capillaries, micro 
thrombosis in venules, and sludge in arterioles and capillaries in patients with T2D. 
Antioxidant status changes are characterized by decreased activity of superoxide 
dismutase and decreased concentration of reduced glutathione, increased activity of 
catalase, glutathione peroxidase and concentrations of oxidized glutathione and 
thiobarbituric acid reactive substances in patients with T2D and ICD. It was proved 
that VEGF G/C genotype and PAI-1 5G/5G genotype are associated with ICD in 
patients with T2D.  G/C genotype is more frequent in patients with normal 
GFR. Decision making support program based on database that includes parameters 
of microcirculation, antioxidant status as well as standard risk factors of ICD and 
T2D was created for the first time. 

Recommendations for usage: accomplished results are recommended to be 
used in regional and republican specialized centers.  

Area of application: endocrinology. 
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