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EURODIAB: Risk factors for Incidence of Polyneuropathy 
Odds Ratios (95% CI); n=932 with Type 1 Diabetes; Follow-Up: 7.3±0.6 years  

0.9 1 2 3 4 



Ziegler et al., 2007 



Prevalence of DPN in Type 2 Diabetic Patients after 10 Jahren Is Associated 
with Initial Fasting Serum Insulin and Blood Glucose (0-5-10 Years)  

Partanen et al., N Engl J Med 1995; 333:89-94 



MONICA/KORA Augsburg Surveys S2+S3 

Diabetic (n=195) OR (95% CI) P Value 
Age (years) 1.08 (1.00-1.16)   0.0389 
Weight (kg) 1.03 (1.00-1.06)   0.0539 
PAD (ABI<0.9) 9.27 (3.44-25.0) <0.0001 

<0.0001 5.61 (2.43-12.96) PAD (ABI<0.9) 
  0.0484 0.31 (0.10-0.99) Physical activity 
  0.0054 1.05 (1.01-1.09) Waist circumference(cm) 
P Value OR (95% CI) Diabetic (n=214) 

Augsburg Myocardial Infarction Registry 

Risk Factors and Comorbidities 
of Painful Diabetic Neuropathy 

Ziegler et al., Pain Med 2009, 10: 393-400; Eur J Pain 2008, Sep 7 [Epub ahead of print]  

PAD = peripheral arterial disease, ABI = ankle-brachial index 
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Diabetes Control and Complications Trial (DCCT) 

DCCT Research Group, NEJM 1993; 329:977–986 



Diabetes Control and Complications Trial (DCCT) 

DCCT Research Group, NEJM 1993; 329:977–986 
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Conventional insulin therapy (%) 
Intensive insulin therapy (%) 

*p<0.05 
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Diabetes Control and Complications Trial (DCCT) 



Epidemiology of Diabetes Intervention and Complications (EDIC) Study 
8-Year Follow-Up of Polyneuropathy (MNSI >2) after DCCT Completion 
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Intensive insulin therapy (n=43) 
Conventional insulin therapy (n=48) 

*p<0.05 * 

Stockholm Diabetes Intervention Study 



Intensive insulin therapy 
Conventional insulin therapy 

Stockholm Diabetes Intervention Study 

*p<0.05 
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UK Prospective Diabetes Study (UKPDS) 



UK Prospective Diabetes Study (UKPDS) 

* *p<0.05 







The ADVANCE Collaborative Group, N Engl J Med 2008; 358: 2560-72  



The ADVANCE Collaborative Group, N Engl J Med 2008; 358: 2560-72  

No effect of intensive diabetes treatment on the 
progression of polyneuropathy in type 2 diabetes 



Veterans Affairs Diabetes Trial (VADT) 

Duckworth et al., NEJM, 2008 

Changes in Median Glycated Hemoglobin Levels from Baseline through 78 Months 



Veterans Affairs Diabetes Trial (VADT) 

Duckworth et al., NEJM, 2008 

No effect of intensive diabetes treatment on the 
progression of neuropathy in type 2 diabetes 



Steno Type 2 Study: Follow-Up after 13 Years 



Steno Type 2 Study: Follow-Up after 13 Years 



Steno Type 2 Study: Follow-Up after 13 Years 

Relative Risk: 0.97 (0.62-1.51); p=0.89 



Effects of randomized clinical trials of intensive diabetes 
therapy in prevention of diabetic polyneuropathy   

Trial 
    n Duration 

[years] 
 HbA1c [%]  
  CT vs IT  

        Neuropathy Outcome 

Clinical NCV VPT HRV 
Type 1 Diabetes 

• DCCT 1441 up to 9 9.1 vs 7.2   +   +   + 
• Stockholm Study     91     10 8.3 vs 7.2   +   + 
• Oslo Study     45       8      n.a.   + 
Type 2 Diabetes 

• UKPDS 3867 up to 15 7.9 vs 7.0  --   --/+ (*)   -- 
• Kumamoto Study   110      6 9.4 vs 7.1   + (§)   + (**)   -- 
• VADT   153      2 9.5 vs 7.4 --   --   -- 
• ADVANCE Study 11140      5 7.3 vs 6.5 -- 
• Steno Type 2 Study   160      7.8 9.0 vs 7.7   --   +(§§) 

 + = benefit; -- = no effect; (*) = only n=217 patients available after 15 years out of n=3.836 at baseline; 
(**)=Significant difference between CT and IT for VPT on the hand but not foot; 
(§)= only NCV in the upper but not lower limbs available; (§§)= effects of ACE inhibitors, antioxidants, and 
statins not discernible from those of glycemic control; CT = conventional treatment; IT = intensive treatment; 
NCV = nerve conduction velocity; VPT = vibration perception threshold; HRV = heart rate variability 



Lifestyle intervention in prediabetes 



1 year 2 years 3 years 

Weight ↓ (4.3%) ↔ ↔ 
LDL cholesterol ↓ ↓ ↓ 
Weekly exercise ↑ ↔ ↔ 
2h BG in OGTT ↔ ↓ ↔ 
IENFD ↑ ↔ (↓) 
QSART ↑ ↔ (↓) 
LDF ↑ ↔ (↓) 
UENS ↔ ↓ 

Singleton et al., Neurology 2007 (abstract) 

IENFD  = Intraepidermal nerve fiber density 
QSART  = Quantitative sudomotor axon reflex test 
LDF  = Laser Doppler flow 
UENS  = Utah Early Neuropathy Scale 

Lifestyle Intervention after 3 years in IGT (n=72) 

Progression of neuropathy despite 
diet and exercise counseling (DPP) 

↑  Increased 
↓  Decreased 
↔  Unchanged 



Ziegler, Diabetes Care 2008 

Disease-modifying treatment of diabetic neuropathy 
based on the putative pathogenetic mechanisms 
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KORA A Study:  MONICA/KORA Augsburg Surveys S2+S3 
 Augsburg Myocardial Infarction Registry 



Definition of Painful Neuropathy 

Pain in the lower legs/feet 
+ 

MNSI Score >2 points 



Michigan Neuropathy Screening Instrument (MNSI) 
Clinical examination 

Feldman et al., 
Diabetes Care 
1994; 17: 1281-9 
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   NGT            IFG             IGT        Diabetes 

Prevalence of Polyneuropathy 
in Prediabetes and Diabetes 

Ziegler et al., Diabetes Care 2008; 31: 556-561 

MONICA/KORA Augsburg Surveys S2+S3 

NGT  = normal glucose tolerance 
IFG  = impaired fasting glucose 
IGT  = impaired glucose tolerance 
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   NGT            IFG             IGT        Diabetes 

Prevalence of Painful Neuropathy 
in Prediabetes and Diabetes 

MONICA/KORA Augsburg Surveys S2+S3 

Ziegler et al., Pain Med 2009; 10: 393-400 

NGT  = normal glucose tolerance 
IFG  = impaired fasting glucose 
IGT  = impaired glucose tolerance 
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  NGT            IFG             IGT        Diabetes 

 Prevalence of Painful Neuropathy in  Prediabetes 
and Diabetes in Survivors of Myocardial Infarction 

Augsburg Myocardial Infarction Registry 

Ziegler et al., Eur J Pain 2008, Sep 7 [Epub ahead of print]  

NGT  = normal glucose tolerance 
IFG  = impaired fasting glucose 
IGT  = impaired glucose tolerance 
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KORA Follow-Up F4 
S4 (1999-2001) 

55-74 years 

F4 (2006-2008) 
70 (61-82) years 
OGTT: n=1129 

Neurological diseases 

NGT 
n=487 

Pre DM 
n=244 

DM 
n=209 

IFG 
n=47 

IGT 
n=156 

IFG+IGT 
n=41 

Known 
n=153 

New 
n=56 

Target population 
n=940 
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Prevalence of painful neuropathy 
MONICA/KORA Augsburg F4 (Age: 61-82 years) 

MNSI>2 (original) + Pain in the feet/distal legs 4 weeks 

 NGT            IFG            IGT            DM             DM 
                                                   new          known   
n=487         n=47         n=197        n=56          n=153 



* 

Intensive insulin therapy 
Conventional insulin therapy 

*p<0.05 
* 



Intensive insulin therapy 
Conventional insulin therapy 

* 



Disease-Modifying Treatment of Diabetic Polyneuropathy 

1957 1967 1977 1987 1997 2007 
? 

α-Lipoic acid 
1959 

B-Vitamins 
1981 

Benfotiamine 
1989 

Ruboxistaurin 
2006 

NGF 
1998 

BDNF 
2001 

VEGF-GT 
2001 

C-Peptide 
1996 

γ-Linolenic acid 
1993 

Acetyl-L-carnitine 
1995 

ACE inhibitors 
1998 

PGE1/PGI2 analogs 
1991 

Alrestatin 
1979 

Sorbinil 
1983 

Tolrestat 
1990 

Ponalrestat 
1989 

Zenarestat 
1999 

Fidarestat 
2001 

Epalrestat 
1993 

Ranirestat 
2006 

Zopolrestat 
2004 ARIs: 



Steno Type 2 Study: Follow-Up after 13 Years 
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Steno Type 2 Study: 13-Year Follow-Up 

Relative Risk: 0.53 (0.34-0.81); p=0.004 



r=-0,40; p<0,05 

Lifestyle intervention over 12 months in impaired glucose tolerance (IGT) 
Correlation between epidermal reinnervation and pain relief (VAS) 

Smith et al., Diabetes Care 2006; 29: 1294-9 



Effect of Lifestyle Intervention on Heart Rate 
Variability over 4 Years in Prediabetes  

Carnethon et al., Diabetes Care 2006; 29: 914-9 
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Neurological Assessment of Thioctic Acid 
in Diabetic Neuropathy (NATHAN) 1 Study 



% 

NATHAN 1 Study: NIS Responders vs NIS Progressors 



Lifestyle-Intervention reduziert das Risiko für Diabetes in 
Assoziation mit Verbesserung der HRV (SDNN pro 17 ms Anstieg) 

Placebo 

Metformin 

Lifestyle 

Risikoreduktion 

0.6 0.7 0.8 0.9 1.0 1.1 1.2 0.5 

25% 

Modell 2: adjustiert um 
Alter, Geschlecht, Rasse, 
Baseline-SDNN, Änderung 
von Gewicht und körperl. 
Aktivität 

Carnethon et al., Diabetes Care 2006; 29: 914-9 



Will power lasts 
about two weeks and 
is soluble in alcohol. 

            Mark Twain 



Genuth S et al., Diabetes Care 2003; 26: 3160–3167 

ADA Criteria for the Diagnosis of Pre-Diabetes 
NGT  = Normal glucose tolerance 
IFG  = Impaired fasting glucose 
IGT  = Impaired glucose tolerance 
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Muscle Nerve 24: 1109-1112, 2001 



Reasons for difficulties to define the causative 
role of prediabetes for painful neuropathy 

  Selection bias 

  Few population-based studies including NGT controls 

  Variable definitions of neuropathy & metabolic abnormality 

  Inadequate assessment of micro-/macroangiopathy 

  Inadequate statistical power 

  Lack of prospective cohort studies 


