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1. Prediction of neuropathy in type 2 diabetes 
patients

2. Prediction of nephropathy in type 2 diabetes 
patients

3. Prediction of cardiovascular complications in 
type 2 diabetes patients

4. Prediction of cardiovascular events (and
amputations) in atherosclerosis patients



AGE Reader as a predictor of 
neuropathy in type 2 

diabetes 

1. Diabetic neuropathy



1. Diabetic neuropathy
• Current situation:

– Early detection of neuropathy at the subclinical stage is important to 
slow or stabilize the sensory deficit and to provide education for the 
prevention of foot ulcers.

– Diabetic neuropathy usually diagnosed only when symptoms have 
arrised (too late).

– Diagnostics tests used in clinical practice:
• Complete foot exam once a year
• Filament test: sensitivity to touch
• EMG: nerve conduction (not in primary care)

• Adding the AGE Reader measurements to the screening for diabetic
neuropathy will lead to:
– Early detection of (risk of) diabetic neuropathy selection of patients

for additional diagnostics tests.
– Prevention of diabetic neuropathy in an early stage
– Higher patient participation grade for diagnostics because of the 12 

seconds non-invasive test.
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• Rajaobelina 2017 (Bordeaux)

Conclusions: In our patients with T1DM, a high skin 
AF(>2.4) was associated with a higher risk of signs of 
neuropathy 4 years later.
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1. Diabetic neuropathy
• Gerrits 2008:

– 657 patients without neuropathy on day 1

– After follow-up of 3 years the following
percentages devloped neuropathy:

– Conclusion: Skin AF of >2.35 leads to 2,5 fold
increase in risk of developing neuropathy.
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2. Diabetic nephropathy
• Current situation:

– Diagnostics tests used in clinical practice:
• Urine test: microalbuminuria
• Blood test: creatinine
• eGFR calculation

• Adding the AGE Reader measurements to the
screening will lead to:
– Early detection of (risk of) diabetic nephropathy
– Prevention of diabetic nepropathy in an early stage
– Higher patient participation grade for diagnostics

because of the 12 seconds non-invasive test.
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Rigalleau 2014:

Accumulation of AGEs is independently associated with renal insufficiency 
(and macroangiopathy) in patients with T2D
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Sugisawa 2013

Only skin AF was the significant variable associated with the 
albuminuria-based stage of nephropathy.

2. Diabetic nephropathy



• Gerrits 2008:

– 657 patients without (micro)albuminuria on day 1

– After follow-up of 3 years the following
percentages devloped (micro)albuminiria

– Conclusion: Skin AF of >2.35 leads to 2 fold
increase in risk of developing (micro)albuminuria.

2. Diabetic nephropathy
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3. Diabetes CV complications

• Current situation:
– Assessment of cardiovascular risk based on classic risk 

factors.
– Use of risk scores for predicting risk of cardiovascular

events: ProCam and SCORE. 

• Adding the AGE Reader measurements to the routine 
check-ups will lead to:
– Better cardiovascular risk prediction
– Personalized risk assessment (tailor made in stead of 1 size

fits all)
– Clinically relevant extra information for clinical decision

making
– Improved patient motivation and treatment adherence
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Cross-sectional study
complications

Non-invasive AGE-measurements by skin autofluorescence in patients
with Type 2 Diabetes Mellitus. Tool for risk-assessment of diabetes 

complications? 

Lutgers H, et al. Diabetes Care. 2006 Dec;29(12):2654-9
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Conclusion: AGE Reader (Skin AF) measurement is elevated in diabetes and
reflects the level of vascular damage in diabetes patients. 
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Prospective study
cardiovascular complications

and UKPDS

Skin autofluorescence provides additional information to the UK Prospective
Diabetes Study (UKPDS) risk score for the estimation of cardiovascular

prognosis in type 2 diabetes mellitus. 
Lutgers H. et al, Diabetologia, 2009; 52(5): 789-797
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1. UKPDS < median & AF < median

2. UKPDS < median & AF > median

3. UKPDS > median & AF < median

4. UKPDS > median & AF > median

1. AGE Reader measurement is best single predictor of cardiovascular mortality, except age.
2. When compared to UKPDS risk engine: 

• Indenpendent predictor
• 27% re-classification
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ESC Guidelines on diabetes, 
pre-diabetes, and 

cardiovascular diseases 
developed in collaboration 

with the EASD:
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User reference (attachment):

Messung der Autofluoreszenz der Haut mit dem AGE Reader  

Dr. med. Ovidiu Alin Stirban Leitender Arzt des Bereichs
Diabetologie und Endokrinologie, Sana Klinikum Remscheid und 

MVZ Sana Arztpraxen Remscheid. 

3. Diabetes CV complications



4. Atherosclerosis

AGE Reader as a predictor of 
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4. Atherosclerosis
• Current situation:

– Diagnostics tests used in clinical practice:
• Framingham and SCORE risk scores

– Risk scores not suited for secondary cardiovascular prevention 
in atherosclerosis patients

– Classic risk factors in these risk scores are often modified by
medication. 

• Adding the AGE Reader measurements to patient
monitoring will lead to:
– Early detection of risk of cardiovascular events and amputation
– Patient stratification for secondary cardiovascular prevention
– Clinicaly relevant information that helps in decision making 

about interventions



4. Atherosclerosis



4. Atherosclerosis

• Prevalence Peripheral Artery Disease in USA:
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4. Atherosclerosis

Cross-sectional study
peripheral artery disease

Skin autofluorescence as a measure of advanced glycation end 
products deposition is elevated in peripheral artery disease.

de Vos LC. et al. Arterioscler Thromb Vasc Biol. 2012 



4. Atherosclerosis

Conclusion: AGE Reader measurement is increased in patients with peripheral
artery disease (and cardiovascular disease) and is associated with the Framingham
Risk Scores.



4. Atherosclerosis

Prospective study peripheral
artery disease – cv events

Skin Autofluorescence Is Associated With 5-Year Mortality and 
Cardiovascular Events in Patients With Peripheral Artery Disease. 

de Vos LC. et al. Arterioscler Thromb Vasc Biol. 2014 Feb 13.



4. Atherosclerosis

Conclusion: AGE Reader measurement is independently associated with all-
cause mortality and fatal or nonfatal MACE (Major Adverse Cardiovascular 
Events) in patients with peripheral artery disease after a 5-year follow-up



4. Atherosclerosis

Prospective study peripheral
artery disease - amputations

….. 
de Vos LC. et al. Arterioscler Thromb Vasc Biol. 2015 



4. Atherosclerosis

In this study of 252 patients an AF value >2.9 indicates a risk of amputation
within 6 years of almost 10 times higher.  



Thank you for your attention


