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EDIC - AIMS

Examine the longer-term effects of the

original DCCT interventions, such as

cardiovascular and more advanced stages

of retinal and renal disease as well as

cognitive function.
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EDIC Results: Nephropathy—

Microalbuminuria

At DCCT closeout, cumulative incidences of microalbuminuria were
22% in the intensive cohort and 34% in the conventional cohort

Writing Team for the DCCT/ EDIC Research Group. JAMA. 2003;290:2159-2167.

No. at Risk

Conventional
586 545 509 480

Intensive 626 609 586 576



Intensive Diabetes Treatment and 
Cardiovascular Disease in Patients with 

Type 1 Diabetes

N Engl J Med, 2005

DCC/EDIC Research Group



Cardiovascular Events

Non-Fatal MI, Stroke or CVD Death
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No. at risk

411 360 311 213 95 4

342 317 274 214 106 16

No. at risk

1138 1013 857 578 221 20

2729 2488 2097 1459 577 66

No. at risk

411 333 255 132 45 2

342 300 236 144 62 7

No. at risk

1138 913 679 370 104 5

2729 2270 1692 933 277 32

Any diabetes-related endpoint

Year since randomization

P
ro

p
o

rt
io

n
 w

it
h

 e
v

e
n

t

0.0

0.4

1.0

0.2

0.6

0 10 25

0.8

155 20

Myocardial infarction

Year since randomization

P
ro

p
o

rt
io

n
 w

it
h

 e
v

e
n

t

0.0

0.4

1.0

0.2

0.6

0.8

Myocardial infarction

Year since randomization

P
ro

p
o

rt
io

n
 w

it
h

 e
v

e
n

t

0.0

0.4

1.0

0.2

0.6

0.8

Any diabetes-related endpoint

Year since randomization

P
ro

p
o

rt
io

n
 w

it
h

 e
v

e
n

t

0.0

0.4

1.0

0.2

0.6

0.8

0 10 25155 20

0 10 25155 200 10 25155 20

p=0.04 p=0.01

p=0.01 p=0.05

Conventional therapy Sulphonylurea-insulin Conventional therapy Metformin

N Engl J Med October 9, 2008;15 www.nejm.org

10-Year follow-up of intensive glucose control 

in type 2 diabetes





―The Metabolic Memory‖
Evidence for a long-term persistence of 

hyperglycaemia-induced damage

N Engl J Med, 2005

DCC/EDIC Research Group



Overexpression of fibronectin 

induced by diabetes or high 

glucose:

Phenomenon with a memory

Proc. Natl. Acad. Sci. U.S.A.. 87: 404-408, 1990

S. ROY, R. SALA, E. CAGLIERO, M. LORENZI





Densitometric quantitation of mRNA levels in human 

endothelial cells obtained from umbilical veins.
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Ceriello A, Diabetes Care 2003
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Ihnat M et al, Diabetologia 2007

The ―Metabolic Memory: the role of oxidative stress



Effects of high glucose for three weeks or for two weeks plus one week 

of normal glucose in HUVECs



Effects of various antioxidant treatments on the 

hyperglycemia-induced “Memory”



Free nuclear and mitochondrial ROS in HUVECs
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Transient high glucose causes persistent

epigenetic changes and altered

gene expression during subsequent

normoglycemia

Assam El-Osta ,  Daniella Brasacchio ,  Dachun Yao ,  Alessandro Pocai , 

Peter L. Jones ,  Robert G. Roeder ,  Mark E. Cooper ,and Michael Brownlee

JEM VOL. 205, September 29, 2008



Abstract

The current goal of diabetes therapy is to 
reduce time-averaged mean levels of 
glycemia, measured as HbA1c, to prevent 
diabetic complications. However, HbA1c only 
explains < 25% of the variation in risk of 
developing complications. 

Because HbA1c does not correlate with 
glycemic variability when adjusted for mean 
blood glucose, we hypothesized that 
transient spikes of hyperglycemia may be an 
HbA1c – independent risk factor for diabetic 
complications.

We show that transient hyperglycemia 
induces long-lasting activating epigenetic 
changes in the promoter of the nuclear factor  
B (NF- B) subunit p65 in aortic endothelial 
cells both in vitro and in nondiabetic mice, 
which cause increased p65 gene expression. 



Abstract

Both the epigenetic changes and the gene 
expression changes persist for at least 6 d of 
subsequent normal glycemia, as do NF- B –
induced increases in monocyte 
chemoattractant protein 1 and vascular cell 
adhesion molecule 1 expression.

Hyperglycemia- induced epigenetic changes 
and increased p65 expression are prevented 
by reducing mitochondrial superoxide 
production or superoxide-induced  -
oxoaldehydes. 

These results highlight the dramatic and 
long-lasting effects that short-term 
hyperglycemic spikes can have on vascular 
cells and suggest that transient spikes of 
hyperglycemia may be an HbA1c –
independent risk factor for diabetic 
complications.



Previous studies have shown that in type 

1 diabetic patients even 

when glycemia is normalized 

endothelial dysfunction still persists.

1. Huvers FC, De Leeuw PW, Houben AJ, et al. Endothelium-dependent 

vasodilatation, plasma markers of endothelial function, and adrenergic 

vasoconstrictor responses in type 1 diabetes under near-

normoglycemic conditions. Diabetes. 1999; 48: 1300-1307.

2. Dogra G, Rich L, Stanton K, Watts GF.Endothelium-dependent and 

independent vasodilation studies at normoglycaemia in type I diabetes 

mellitus with and without microalbuminuria. Diabetologia. 2001 ;44: 

593-601.
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22De+Leeuw+PW%22%5BAuthor%5D
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Controls Protocol Protocol Protocol

A B C

Sex 6M 6F 7M 5F 5M 7M 7M 5F

Age (years) 22.3±1.2 22.6±1.7 21.3±1.5 23.3±1.4

Duration of the disease (years) 7.1±2.2 7.7±2.6 7.5±2.5

BMI  (Kg/m2) 23.8±2.2 22.7±2.1 23.5±2.2 22.4±2.3

Fasting glucose (mmol/l) 4.3±0.3 8.2±2.3* 8.1±3.2* 7.8±2.4*

HbA1c (%) 8.3±0.3 8.2±0.5 8.3±0.5

Resting systolic blood pressure (mm 

Hg)

119.1±3.

0

120.4±2.5 125.3±2.1 123.2±1.5

Resting diastolic blood pressure (mm 

Hg)

80.4±2.1 81.2±3.1 82.6±2.1 82.4±3.7

Total cholesterol (mmol/l) 4.8±0.6 4.9±0.8 4.9±0.9 5.0 ±0.6

Triglycerides (mmol/l) 1.1±0.5 1.3±0.4 1.3±0.5 1.2±0.4

HDL-C (mmol/l) 1.4±0.3 1.4±0.3 1.4±0.4 1.4±0.2

LDL-C (mmol/l) 2.6±0.5 2.5±0.4 2.5±0.4 2.6±0.6

FMD (%) 10.8±0.8 5.5±0.5* 5.6±0.7* 5.6±0.8*

Nitrotyrosine (μmol/l) 0.35±0.3 0.73±0.2* 0.71±0.4* 0.72±0.3*

* p< 0.001 vs controlsCeriello A. et al., Diabetes Care 2007
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PATIENTS: No Complications

• Subgroup 1: Patients enrolled within 1 month from 
the diagnosis.

• Subgroup 2: Patients had 4.8-5.2 years of diagnosis 
and included in these subgroup because the mean 
HbA1c over  the last 5 years was ≤ 7%. 

• Subgroup 3: Patients had 4.6-5.4 years of diagnosis 
and included in these subgroup because the mean 
HbA1c over  the last 5 years was ≥ 7%. 



Controls Subgroup 1 Subgroup2 Subgroup3

Sex 12M 8F 11M 9F 12M 9M 12M 12F

Age years 23.4±2.2 19.8±3.2 22.7±4.1 23.6±4.5

BMI  Kg/m2 23.5±2.4 23.7±2.5 23.5±3.2 22.7±3.3

Fasting glucose mmol/l 4.2±0.7 8.4±2.3* 7.1±1.7* 8.5±2.2*

HbA1c % at the time of the 
study

8.3±0.8 6.7±0. 2** 8.9±0. 7

Mean HbA1c %of the last 5 
years 

6.4±0. 3*** 8.7±0. 6

(range of the last 5 years) (5.5-6.9) (8.4-10.5)

Resting systolic blood pressure 
mm Hg

114.3±2.0 112.4±2.2 110.3±2.1 112.2±2.0

Resting diastolic blood 
pressure mm Hg

78.1±1.1 71.5±4.1 72.6±2.1 72.7±2.7

Total cholesterol mmol/l 4.3±0.5 4.4±0.6 4.6±0.5 4.8 ±0.3

Triglycerides mmol/l 1.2±0.5 1.2±0.2 1.4±0.4 1.2±0.5

HDL-C mmol/l 1.4±0.6 1.4±0.7 1.4±0.2 1.4±0.4

LDL-C mmol/l 2.3±0.3 2.4±0.4 2.5±0.6 2.5±0.9

FMD % 10.8±1.6 6.7±0.9* 6.2±1.14* 4.1±0.8*β

Nitrotyrosine μmol/l 0.35±0.03 0.74±0.07* 0.75±0.04* 0.94±0.07*β

8-iso-PGF2a (pg/ml) 32.6±4.6 64.4±4.2* 63.4±3.8* 83.4±5.3*β

sICAM-1a (ng/ml) 124.2±17.5 170.5±12.5* 165.5±12.8* 190.9±18.4*β

sVICAM-1 (ng/ml) 280.51±15.5 370.15±12.3* 387.22±22.4* 460.41±28.4*β

IL-6 (pg/ml) 124.51±16.3 220.35±11.1* 227.12±12.5* 280.31±18.3*β

IL-18  (pg/ml) 73.7±16.5 125.8±17.5* 125.5±17.8* 164.4±16.2*β

Baseline characteristics of controls and subgroups of type 1 diabetic patients 

Data are expressed as mean±SD     * p< 0.001 vs controls   ** p< 0.001 vs sub1 and 3   *** p< 0.001 vs sub3 β p< 0.05 vs sub1 and 2
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The shape of the metabolic 
memory of HbA1c: re-analysing 
the DCCT with respect to time-

dependent effects

Diabetologia (2010) 53:1093–1098

M. Lind , A. Odén , M. Fahlén  and B. Eliasson 



The relative contribution is largest from values 2.4 years ago, which is 2.8 times greater than 
the contribution from present values. The contribution is greater than that from present 
values for times up to 4.9 years ago. For values from 6.5 and 8.4 years ago, the contribution is 
50% and 25% of present values, respectively.

The relative contribution of HbA1c values at different 
points in time in the past to risk of current 

retinopathy progression. 



Glycation and Carboxymethyllysine 

Levels in Skin Collagen Predict the Risk 

of Future 10-Year Progression of Diabetic 

Retinopathy and Nephropathy in the 

Diabetes Control and Complications Trial 

and Epidemiology of Diabetes 

Interventions and Complications 

Participants With Type 1 Diabetes

S. Genuth, W. Sun, P. Cleary, D. R. Sell, W. Dahms, J. Malone, W. Sivitz, and 

V.M. Monnier, for the DCCT Skin Collagen Ancillary Study Group*

DIABETES, VOL. 54, NOVEMBER 2005



Distribution of skin collagens by 

nephropathy progression status.

Distribution of skin collagens by 

retinopathy progression status.
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Effects of ROS in 
vascular cells

Working 
hypothesis for the 

accelerated 
atherosclerosis

in diabetes.

E Schleicher and U Friess:Kidney International (2007) 72, S17–

S26



AGEs binding to RAGE induce cytosolic H2O2 production. Cytosolic H2O2 facilitates induction of 

mPT, promoting a deficiency in complex I of the mitochondrial respiratory chain. Hyperglycemia 

provides increased mitochondrial NADH availability for OXPHOS, which, when coupled with a 

deficient complex I activity, amplifies mitochondrial superoxide generation. Both the AGE-RAGE 

interaction and hyperglycemia synergistically coordinate overproduction of mitochondrial 

superoxide and promote diabetic kidney disease.

Schematic representation of the interplay between AGE and 

RAGE and high glucose in promoting mitochondrial 

superoxide production in the diabetic kidney. 

M. T. Coughlan et al., J Am Soc Nephrol 20: 742–752, 2009



Glycation of mitochondrial

proteins from diabetic rat kidney 

is associated with excess 

superoxide formation

M. Rosca, T. Mustata, M. Kinter, A. Ozdemir, T. Kern, L. 

Szweda, M.Brownlee,V. Monnier,M. Weiss

Am J Physiol Renal Physiol 289: F420–F430, 2005.



Effect of 12 m diabetes on electron

respiratory chain activity



Cortical renal mitochondria isolated from 12 mo 

diabetic animals (squares) form higher levels of 

superoxide than their age-matched controls (circles). 



―The ―Metabolic Memory‖:

Is More than Just Tight Glucose 

Control Necessary to Prevent 

Diabetic Complications?.‖

A. Ceriello, J. Thorpe, M. Ihnat

J Clin Endocrinol Metabol, 2009;94:410-5



(glycated)

The vicious circle of the “Metabolic Memory”

A. Ceriello et al. J Clin Endocrinol Metab, 2009;94:410-5



―The Metabolic Memory‖
Evidence for a long-term persistence of 

hyperglycaemia-induced damage

-The unyfing hypothesis, suggesting hyperglycemia-

induced free radicals overgeneration as the key event in 

the development of diabetic complications, seems to 

explain the perisistence of the “Metabolic Memory”.

- Experiments in the cells, in the animals and in hmans confirm

the exsistence of the “Metabolic Memory”.



Dinosaur tracks, Dinosaur State Park, Rocky Hill, CT



good glucose control should be started as 

early as possible to delay or prevent 

serious diabetes-related complications,‖ 

“The take-home message is that 

said Alan D. Cherrington, PhD, president, 

American Diabetes Association.

ADA  S. Diego 2005 


