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2006년에 2억3천만 명         3억 5천만 명 

인도와 아시아에서 폭증할 것이다 

20년 

2010년 350만 명 

2030년 545만 명 추정 

IDF Diabetes Atlas, http://www.diabetesatlas.org/map  

전 세계인의 문제 우리나라 

당뇨병은 얼마나 많은가? 

자료 출처 : EGDM 

366 million people have diabetes in 2011; 

by 2030 this will have risen to 552 million  



현재 보이는 당뇨병 환자 및 
당뇨병 고위험군 

진단되지 않은 당뇨병 환자, 
앞으로 당뇨병이 될 위험군, 

당뇨병으로 인한 합병증의 부담 
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Increasing CV risk associated with the 
progression of glycemic status 

Cubbon R et al. Int J Clin 
Pract 63:287-299, 2007 



제2형 당뇨병은 사망률을 증가시킨다 

뇌졸중 

관상동맥질환 

심장질환 

1. Reid DD et al. Lancet 1974;1:469–473   2. Ducimetière P et al. Diabetologia 1980;19:205–210 
3. Pyörälä K. Diabetes Care 1979;2:131–141 
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Metabolic Syndrome 

Inflammation 

Common Soil Hypothesis 

Diabetes CVD 
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Multiple causes and locations of 
arterial stiffness 

Zieman SJ et al. ATVB 25:932-943, 2005 



Indices of arterial stiffness 

Stehouwer CDA et al. Diabetologia 51:527-539, 2008 



Measurement of arterial stiffness 

Stehouwer CDA et al. 
Diabetologia 51:527-539, 2008 



Arterial stiffness and cardiovascular events  
– The Framingham Heart Study - 

Mitchell GF et al. Circulation 121:505-511, 2010 

Median follow-up of 7.8 years in 2232 participants 
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Creager MA et al. Circulation 108:1527-1532, 2003 

Endothelial dysfunction 



Cheng et al., Eur J Biochem 2002;269:1050 



Cheng et al., Eur J Biochem 2002;269:1050 

Excessive stimulation in 
insulin resistance! 

Enhanced 
ATII activity 

“Selective”  

Insulin Resistance 



Increased vascular superoxide 
production in human DM 

Saphenous vein and internal mammary arteries from 45 DM and 
45 non-DM control undergoing coronary artery bypass surgery 

당뇨병 환자의 혈관에서는 superoxide production이 증가되어 있으
며, 이는 NOS와 PKC signaling의 이상이 원인임을 알 수 있다. 

Guzik TJ et al. Circulation 
105:1656-1662, 2002 



Formation of advanced glycation end 
products (AGE) 

Aronson D. J Hypertens 
21:3-12, 2003 



Formation of collagen cross-links by AGE 

Aronson D. J Hypertens 
21:3-12, 2003 



The association of arterial stiffness with AGE in type 1 diabetes 

Schram MT et al. Hypertension 46:232-237,2005 



Effect of aminoguanidine on carotid artery 
compliance impedance 

Corman B et al. PNAS 
95:1301-1306, 1998 



Advanced glycation end product 

Activation of renin-angiotensin system 

Low-grade inflammation 

Endothelial dysfunction 

Mechanism of arterial stiffness in diabetes 
mellitus 
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The association of pulse pressure with 
age among type 1 patients 

The association was stronger in the presence of micro- or 
macroalbuminuria or retinopathy than their absence 

normoalbuminuria 

microalbuminuria 

macroalbuminuria 

No RP NPDR PDR 

Schram MT et al. J hypertens 
21:2035-2044, 2003 



Increases in pulse pressure with aging is steeper 
in type 2 diabetes compared with non-DM 

Schram MT et al. J Hypertens 
20:1743-1751, 2002 



Synergistic acceleration of arterial stiffening in 
the presence of raised BP and hyperglycemia 

Tomiyama H et al. 
Hypertension 47:180-188, 2006 

In 2080 Japanese men, baPWV was measured at the beginning 
of the study and at the end of the 3-year study period 



Arterial stiffness is associated with incident 
albuminuria and decreased GFR in T2DM 
•In 46 Japanese T2DM patients (mean age 59 yrs), median F/U of 5.9yrs 
•End point: transition from normo- to microalbuminuria  
                transition from micro- to macroalbuminuria  

Bouchi R et al. Diabetes Care 34:2570-2575, 2011 

A significant association between annual change in eGFR and cf-PWV 



Increased arterial stiffness in normoglycemic 
normotensive offspring of type 2 diabetes parents 

In 54 normoglycemic, normotensive, healthy offspring of type 2 
diabetes parents and 55 matched control 

Giannattasio C et al. Hypertension 51:182-
187, 2008 



 당화혈색소의 증가는 
결국 같지만, 어떤 
과정으로 그 당화혈
색소에 도달했는가
가 중요하다 

 

“당화혈색소의 질” 
  
 

Hirsch, Am J Med 118:S1 21, 2005 

혈당의 증감의 폭이 클 경우, 혈관에 대한 스트레스는 
더 크다.. 

대강치료군 

엄격치료군 



DECODE 연구 
공복고혈당과 식후 고혈당이 심혈관질환에 미치는 영향 
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DECODE Study Group. Lancet 354:617-21, 1999 



혈당의 변동폭과 혈관탄력도와의 관계 

혈당의 변동폭 혈관 탄력도 

혈당이 증가함에 따라서 혈관 탄력도가 급속히 줄어든다 



The association of baPWV with 30-minute post-challenge 
glucose in non-diabetic Korean adults 

In 663 subjects with fasting hyperglycemia, 75g OGTT and baPWV were 
performed 

Choi ES, Rhee EJ et al.  
Korean Diabetes J 34:287-293, 2010 



Is pulse pressure a predictor of new-onset 
DM in high-risk hypertensive patients?  

A subanalysis of CASE-J trial 

Yasuno S et al. Diabetes Care 33:1122-127, 2010 



Association of central aortic pressure indices 
with development of diabetes mellitus in 

essential hypertension 

• In 178 nondiabetic subjects with hypertension at 
baseline, mean follow-up period of 31 months  

• Central aortic pressure measured with applanation 
tonometry 

Chen JY et al. Am J Hypertens 23:1069-
1073, 2010 



당뇨병 환자에서 arterial stiffness는 증가되어있으며 
aging에 따른 증가가 더 심하게 나타난다 

당뇨병 환자에서 혈압이 조절이 않 될 경우 arterial 
stiffness가 더 증가한다 

식후 고혈당이 심혈관 질환의 위험도가 더 높다 

합병증이 있을수록 arterial stiffness가 더 심해진다  

Arterial stiffness in diabetes 

Arterial stiffness가 당뇨병 유발의 위험인자일 수 있다 
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Essential elements in comprehensive 
diabetes care of type 2 DM 

Management of 
Type 2 DM 

Glycemic control 

 Diet/lifestyle 

 Exercise 

 Medication 

Treat associated 
conditions 

 Dyslipidemia 

 Hypertension 

 Obesity 

 Coronary heart 
disease 

Screen for/manage 
complications of diabetes 

 Retinopathy 

 Cardiovascular disease 

 Nephropathy 

 Neuropathy 

 Other complications 



Effect of weight loss and nutritional intervention 
on arterial stiffness in type 2 diabetes 

Arterial stiffness was assessed by measuring aortic PWV at baseline and at completion of a 
1-year weight loss intervention with weight loss intervention + orlistat or placebo  

•Mean weight loss in 1 years was 7.8% from baseline Individuals in highest baseline values 
manifested the largest improvements 

Barinas-Mitchell E et al. Diabetes Care 29:2218-2222, 2006 



Short-term aerobic exercise reduces arterial 
stiffness in older adults with type 2 diabetes, 

hypertension, and hypercholesterolemia 

•In 36 older adults (mean age 71 yrs) with T2DM, HTN, hyperChol 
•Aerobic and nonaerobic exercise group, 3 months 

Madden KM et al. Diabetes Care 
32:1531-1535, 2009 

VO2max 

■ aerobic  
□ nonaerobic 

p=0.005 



Effect of rosiglitazone on arterial stiffness in subjects with 
prediabetes and non-diabetic MS subjects 
99 subjects with prediabetes or nondiabetic MS subjects were treated with 
rosiglitazone or placebe for 12 weeks 

Kim SG et al. EJE 154:433-440, 2006 



Effect of ARB on arterial stiffness in 
T2DM pt with HTN 

Kim JH et al. Diabetes Metab J 
35:346-242, 2011 

A significant decrease in BP after 2 weeks of treatment 



Improved arterial compliance by AGE crosslink breaker 

Kass DA et al. Circulation 104:1464-1470, 2001 

• In 93 nondiabetic subjects with increased arterial stiffness in 9 US centers 
• ALT-711, an oral nonenzymatic AGE breaker or placebo for 56 days  



체중 감소, 운동 

PPAR-γ agonist 

RAAS의 차단 

AGE crosslink breaker 

당뇨병에서 Arterial stiffness의 치료 



당뇨병 환자에서 arterial stiffness 증가 

Survival, CVD risk와 연관성 

내피세포 기능 이상, AGE, RAAS system의 
활성화, ROS 증가가 기전 

치료: 생활습관 교정, PPARγ agonist, RAAS 
blockade, AGE crosslink breakers 

결론 
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