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Macrovascular disease in Type 2 diabetes

2–4 x  increased risk of 
fatal heart disease3*
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15 x increased risk of 
amputation4,5 *
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Factors Underlying Accelerated Atherogenesis in DM
• Diabetic dyslipidemia

– ↑ TG-rich LPs, ↓ HDL, ↑ small, dense LDL

• Hyperglycemia

– Glyco-oxidation, sorbitol/myoinositol pathway,

Diacylglycerol/PKC activation

• Hypertension

• Oxidative stress

• Hemorrheological alterations

– ↑ platelet aggregation, fibrinogen, PAI-1

– ↓ fibrinolysis

• Endothelial dysfunction

• Insulin resistance

• Others 
– Sympathovagal imbalance, vascular inflammation, etc



Metabolic risk factors worsen continuously across the spectrum 
of nondiabetic glucose tolerance. The Framingham Offspring 
Study. Ann Int Med 1998;128:524–533
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THRESHOLD OF GLUCOSE TO INCREASE THE 
RISK OF CARDIOVASCULAR COMPLICATIONS

• Fasting glucose of 6.1 mmol/l

increased the risk of 

cardiovascular events by 1.33 

(1.06-1.67) compared with a 

fasting glucose of 4.2 mmol/l.

• 2-h glucose of 7.8 mmol/l (140 

mg/dl) was associated with a 

relative risk of cardiovascular 

events of 1.58 (1.19-2.10). 
Diabetes 1999, 48: 937-942



Mechanisms of hyperglycemia-
induced damage

• Increased flux of glucose and other sugars 
through the polyol pathway

• Increased intracellular formation of advanced 
glycation end-products(AGEs)

• Oxidative stress

• Activation of protein kinase C(PKC isoforms).

• Overactivity of the hexosamine pathway
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Increased protein kinase C 
activation
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Increase hexosamine pathway
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Oxidative stress





Biochemical pathways in diabetic Cx
• Stress-sensitive pathways

– nuclear factor-[kappa]B (NF-[kappa]B)
– p38 MAPK
– NH2-terminal Jun kinases/stress-
activated protein kinases (JNK/SAPK)

• AGE/RAGE pathway
• PKC pathway
• Polyol pathway
• Hexosamine pathway





배양된 토끼 혈관 내피세포의 기능에 대한 고농도 포도당의 효과

– 대한당뇨병학회지 21권 2호 156 ~ 167, 1997

중성구의 혈관 내피세포 부착에 대한 포도당의 효과에 관한 연구

– 대한당뇨병학회지 21권 3호 262 ~ 270, 1997

내피세포의 adhesion molecule 발현에 미치는 고농도 포도당의 효과

– 대한당뇨병학회지 22권 3호 280 ~ 289, 1998

산화 저비중지단백이 중성구의 부착과 이동에 미치는 효과

– 대한당뇨병학회지 23권 1호 12 ~ 24, 1999

고농도 포도당조건에서 호중구에 의한 내피세포의 손상에 관한 연구

– 대한당뇨병학회지 24권 6호 652 ~ 665, 2000

OLETF 쥐에서 내피세포 의존성 혈관이완 장애의 기전

– 대한당뇨병학회지 26권 1호 47 ~ 36, 2002



5.5 mM 15 mM 30 mM Man 30 mM

E-
se

le
ct

in
 e

xp
re

ss
io

n 
(O

D
, 4

50
 n

m
)

0

1

2

*

*, P<0.05 vs. 5.5 mM glucose
Man ; Mannitol as osmotic control

5.5 mM 15 mM 30 mM Man 30 mM

N
eu

tr
op

hi
l a

dh
es

io
n 

(%
)

0

2

4

6

8

10

12
*

*, P<0.01 vs. 5.5 mM glucose
Man; Mannitol 

5.5 mM 15 mM 30 mM Man 30 mM

N
eu

tr
op

hi
l m

ig
ra

tio
n 

(%
)

0

10

20

30

40

50

60
*

*, P<0.05 vs. 5.5 mM glucose
Man; Mannitol



Vascular NADH Oxidase Is Involved in Impaired Endothelium-Dependent
Vasodilation in OLETF Rats, a Model of Type 2 Diabetes
Diabetes 51:522–527, 2002



Enhanced vascular production of superoxide in OLETF rat
after the onset of hyperglycemia. 

Diabetes Research and Clinical Practice 60 (2003) 11/18



NAD(P)H oxidase participates in the signaling events in high glucose-induced

proliferation of vascular smooth muscle cells. Life Sci. 2003 May 2;72(24):2719-30
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