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Major Vascular Complications of Diabetes
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Long-term Microvascular Risk reduction in type 1 diabetes: DCCT-EDIC

DCCT/EDIC Research Group. JAMA. 2002;287:2563 -9.



Intensive glucose control versus conventional glucose 
control for type 1 diabetes mellitus: A Systematic Review

Fullerton B et al Cochrane Database Syst Reviews 2014

Å Reducedriskof developingmicrovascularcomplications;
retinopathy: 73% p < 0.00001;
nephropathy: 44% p <0.00001;

neuropathy: 65% p < 0.00001.

Å Reducedriskof progressionof retinopathyafter at leasttwo years39%p < 0.0001;

Å DCCTindicatedintensiveglucosecontrolwashighlycost-effective.



Study1 Baseline HbA1c

Control vs intensive      

Mean duration of 

diabetes at 

baseline (years) Microvascular CVD Mortality

UKPDS 9%­ 7.9% vs 7% Newly diagnosed Ź ź ź

ACCORD1ï3 8.3%­ 7.5% vs 6.4% 10.0 Ź* ź ŷ

ADVANCE 7.5 %­ 7.3% vs 6.5% 8.0 Ź ź ź

VADT 9.4 %­ 8.4% vs 6.9% 11.5 Ź ź ź

*No change in primary microvascular composite but significant decreases in micro/macroalbuminuria2,3

**No change in major clinical microvascular events but significant reduction in ESRD (p = 0.007)5

1. Table adapted from Bergenstalet al. Am J Med 2010;123:374.e9ςe18.  2. Genuthet al. Clin Endocrinol Metab 2012;97:41ς8.  
3. Ismail-Beigi et al. Lancet 2010;376:419ς30.  4. Hayward et al. N EnglJ Med 2015;372:2197-206 (VADT).  5. Zoungaset al. N EnglJ Med 2014;371:1392-406.

Glucose-lowering studies confirmed benefit on microvascular complications but 
mixed results on macrovascular outcomes

6

Long-term follow-up1,4,5

Ź Ź ź Źź Ź

Ź ź** ź ź ź ź

Ź ? ź Źź ź



Glucose Targets for Preventing Diabetic
Kidney Disease and its Progression

ÅLittle or no difference to renal outcomes or cardiovascular mortality 

ÅProbably lowers risk of onset and progression of microalbuminuria 

ÅIn 1,000 adults between zero and two people avoid non-fatal MI, 

seven avoid new-onset and two worsening albuminuria.

ÅThe adverse effects of glycaemic management are uncertain.

Ruospo M et al Cochrane database Syst Reviews 2017,



Synergistic effect of chronic kidney disease, neuropathy, and retinopathy on all-cause 
mortality in type 1 and type 2 diabetes: a 21-year longitudinal study

SuchettaL, et al Cardiovascular Diabetology 2022, 233-43



Declining Trends of Retinopathy and Nephropathy

Yokoyama H et al, BMJ open diabetes res care, 2018, 6.1
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Target: An objective or result towards which efforts are directed.



The Microvasculature

ÅEndothelial Cells lineblood vessels from the 
aorta to microvessels, andform a selective 
blood-tissue barrier.

ÅEndothelium supports~60,000 miles of blood 
vessels.

ÅEndothelium cover 3,000 to 6,000 square metres 
of the human body. 

ÅIt includes at least 1 trillion endothelial cells

ÅRenal endothelial cells exhibit functions related 
to filtration while brain endothelial cells maintain 
the blood-brain-barrier as a vital mechanism of 
protection against harmful agents.

ÅAbnormalities of endothelial cell function are 
involved in a variety of vascular disorders



Heterogeneity of Endothelial Cells

Hennigs JK et al Cells 2021; 10, 2712



Heterogeneity of Endothelial Cell Responses

Hennigs JK et al Cells 2021; 10, 2712



Neurological Complications of Diabetes Mellitus

ÅVascular dementia, 

ÅStroke, 

ÅAnxiety/ depression and 

ÅCognitive impairment 

ÅDM can aggravate epilepsy 

ÅDiabetic encephalopathyincreases the probability of cognitive 

decline, acceleration of Alzheimer's disease and other forms 

of dementia 



The Blood Brain Barrier 



Effects of Diabetes on the Blood Brain Barrier

BogushM, HeldtNA, PersidskyY J Neuroimmune Pharmacol2017 593-601

ÅEndothelial dysfunction
Vascular damage, neurodegeneration

ÅAstrocyte dysfunction

swollen end feet, detached  
membrane, increased permeability

ÅPericyte dysfunction
micro aneurysms, haemorrhage,       

decreased capillary perfusion



Brain insulin signalling cascade.

Scherer T, Sakamoto K, Buettner C, Nature Rev Endo 2021;17, 468-83

ÅInsulin crosses the bloodςbrain barrier to bind to 
insulin receptors widely expressed throughout the 
brain. 
ÅBrain insulin controls appetite, adipose tissue 
lipolysis, hepatic triglyceride secretion and 
branched-chain amino acid metabolism, protecting 
the organism from ectopic lipid accumulation and 
lipotoxicity.  
ÅOvernutrition rapidly induces brain insulin 
resistance before impaired peripheral insulin 
signalling, implicating brain insulin resistance as a 
key culprit of metabolic disease and diabetes. 
ÅInterventions to improve brain insulin signalling 
have therapeutic potential for metabolic disease, 
diabetes and non-alcoholic fatty liver disease; 
augmenting brain insulin signalling might be 
particularly beneficial in preventing lipotoxicity
with a low risk of hypoglycaemia. 



Physiological functions of brain insulin action.

Scherer T, Sakamoto K, Buettner C, Nature Rev Endo 2021;17, 468-83


