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         Benfotiamine in Diabetic Polyneuropathy (BENDIP): 
Results of a Randomised, Double Blind, Placebo-
controlled Clinical Study    

 RAGE  receptor for advanced glycation 
end products 

 TSS  Total Symptom Score 

 Introduction 
  &  
 Diabetes is a worldwide threat with continuously 
increasing incidence and prevalence. In Germany, 
approximately 7    %  of the population suffers from 
diabetes, i.e. at least 6 million people. Polyneu-
ropathy is found in about 30 – 50    %  of diabetic 
patients. In a recent cost calculation it was found 
that the costs of diabetic neuropathy are usually 
underestimated though they are in the same 
range as the costs of diabetes-associated cardio-
vascular diseases ( Herholz, 2006 ). 
 Pathophysiology of diabetic complications like 
neuropathy includes the formation of advanced 
glycation end products (AGEs), increased activity 
of the polyol and the hexosamine pathway of 
glucose metabolism as well as activation of pro-
tein kinase C with the common feature of over-
production of superoxide by the mitochondrial 

 Abbreviations 
  &   
  AGEs  advanced glycation end products 
 ATP  according to protocol 
 BEDIP  Benfotiamine in the treatment of 

Diabetic Polyneuropathy 
 cm  centimetre 
 CRF  case report form 
 DNA  deoxyribonucleic acid 
 GCP  good clinical practice 
 HbA 1c   haemoglobin A 1c  
 ITT  intention to treat 
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 n  number 
 LOCF  Last Observation Carried Forward 
 NDS  Neuropathy Disability Score 
 NF  � B   nuclear factor  � B 
 nNOS  neuronal nitric oxide synthase 
 NSS  Neuropathy Symptom Score 
 NTSS-6  Neuropathy Total Symptom 

Score-6 
 p  probability 
 PP  per protocol 
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  Abstract 
  &  
  Aim:       Effi cacy and safety of benfotiamine in 
treatment of diabetic polyneuropathy.  
  Methods:       Double blind, placebo-controlled, 
phase-III-study. 181 patients were screened. 
165 patients with symmetrical, distal diabetic 
polyneuropathy were randomised to one of 
three treatment groups entering the wash-out 
phase and 133 / 124 patients were analysed in 
the ITT / PP analysis: Benfotiamine 600   mg per 
day (n    =    47 / 43), benfotiamine 300   mg per day 
(n    =    45 / 42) or placebo (n    =    41 / 39).   
  Results:       After 6 weeks of treatment, the primary 
outcome parameter NSS (Neuropathy Symptom 
Score) differed signifi cantly between the treat-

ment groups (p    =    0.033) in the PP (per protocol) 
population. In the ITT (intention to treat) popula-
tion, the improvement of NSS was slightly above 
signifi cance (p    =    0.055). The TSS (Total Symptom 
Score) showed no signifi cant differences after 
6 weeks of treatment. The improvement was 
more pronounced at the higher benfotiamine 
dose and increased with treatment duration. In 
the TSS, best results were obtained for the symp-
tom  “ pain ” . Treatment was well tolerated in all 
groups.  
  Conclusion:       Benfotiamine may extend the 
treatment option for patients with diabetic 
polyneuropathy based on causal infl uence on 
impaired glucose metabolism. Further studies 
should confi rm the positive experiences.     
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electron transport chain ( Brownlee, 2001 ). Recently it was 
shown that pathophysiological changes of binding of ligands to 
the receptor for advanced glycation end products (RAGE) occur 
already at the stage of impaired glucose tolerance, suggesting 
that activation of the RAGE pathway may be one of the fi rst steps 
in the pathogenesis of diabetic polyneuropathy ( Haslbeck et al., 
2005 ). 
 Effective treatment of diabetic neuropathy as early as possible is 
essential in order to slow progression of the disease. However, 
apart from optimisation of blood glucose control, there are only 
limited causal therapeutic options. Even with optimal blood glu-
cose control (HbA 1c  6.7    ±    1.9    % ) 28    %  of insulin-dependent patients 
showed diabetic neuropathy in a large Europe-wide study ( Tes-
faye et al., 1996 ). 
 Recently it was shown that diabetic patients are subject to con-
siderable vitamin B1 defi ciency ( Thornalley et al., 2007 ). In a 
comparison between diabetic patients (26 type 1, 48 type 2 dia-
betes) and normal healthy volunteers, decreased plasma levels 
of vitamin B1 by 76 or 75    % , respectively, were found in the dia-
betic patients. This was explained by a 24- or 16-fold increase in 
renal clearance of thiamine. Furthermore, increased thiamine 
transporter content of the erythrocytes, explaining the contra-
dictory results on vitamin B1 defi ciency in diabetic patients so 
far, masked the conventional assessment of thiamine status. 
 In alcoholics, vitamin B1 defi ciency as cause of polyneuropathy 
symptoms is already known for long time. These symptoms can 
be treated by supplementation of lipid soluble thiamine deriva-
tives like benfotiamine ( Woelk et al., 1998 ). Also in diabetic 
polyneuropathy, clinical studies with benfotiamine have been 
performed with promising results, either in monotherapy ( Haupt 
et al., 2005 ;  Schmidt, 2002 ) or in combination with vitamin B6 
and / or vitamin B12 ( Winkler et al., 1999 ;  Stracke et al., 1996 ; 
 Ledermann and Wiedey, 1989 ). Experimental data showed that 
benfotiamine blocks several pathways of hyperglycaemic dam-
age, i.e. the hexosamine pathway, the formation of AGEs, the 
activation of protein kinase C and the activation of NF  � B  by acti-
vation of transketolase, the rate limiting enzyme of the non-oxi-
dative branch of the pentose phosphate pathway ( Hammes 
et al., 2003 ). Furthermore, it prevents AGE-induced micro- and 
macrovascular endothelial dysfunction ( Stirban et al., 2006 ). 
Therefore, benfotiamine is a therapeutic option based on a 
pathogenetic concept ( Ziegler and Bierhaus, 2007 ). 
 The aim of this study was to verify the effect of benfotiamine as 
monotherapy in a larger population of patients with diabetic 
neuropathy in a double blind, randomised, placebo-controlled 
study design.   

 Patients and Methods 
  &   
 Study design 
 This double-blind, randomised, placebo-controlled phase-III-
study was performed in 10 study centres in Germany. The aim of 
the trial was to confi rm the effi cacy and tolerability of benfo-
tiamine in the treatment of symptomatic diabetic polyneuropa-
thy as well as the investigation of the dose-effectiveness 
relationship. The trial was performed in accordance with the 
Declaration of Helsinki, German law and GCP. The local ethics 
committees approved the trial and the patients gave their writ-
ten informed consent.   

 Outcome measures, statistics and documentation 
 As primary endpoint of this study the NSS (Neuropathy Symp-
tom Score) after 6 weeks was defi ned. A minimum of 180 
patients (60 in each treatment group) was calculated to detect 
signifi cant differences with  �  /  �     =    1.5,  �     =    5    %  two-sided, power 1-
 �     =    90    % . A difference in the main outcome parameter of at least 
20    %  was expected. 
 Secondary outcome parameters were the improvement of NDS 
(Neuropathy Disability Score), TSS (Total Symptom Score accord-
ing to  Ziegler et al., 1995 ) and the vibration perception threshold 
(tuning fork test). 
 The results are given as mean of differences to baseline and the 
95    %  confi dence interval. Statistical differences were analysed 
with the Kruskal-Wallis H-test with a two-sided level of signifi -
cance of 5    % . For the ITT analysis, patients had to have at least 
outcome values after week 4. The results of the clinical fi ndings 
and laboratory examinations were documented on standardised 
CRFs (case report forms) and entered in a data base. HbA 1c  mea-
surements (HPLC) were performed by the participating centres 
and a second control measurement was performed by a central 
laboratory according to a pre-defi ned method, which was part of 
the study protocol. The statistical analysis was performed with 
the statistic software SAS. Centre effects were not analysed.   

 Patients, randomisation, treatment and observation 
periods 
 A total of 181 male and female patients with type 1 or type 2 
diabetes mellitus were screened for inclusion into the study. The 
main inclusion criterion was diagnosis of symmetrical distal 
diabetic polyneuropathy for at least 3 months scored by the NSS 
and NDS according to  Young (1993)      ≥    5. Other inclusion criteria 
were HbA 1c      ≤    9.5    % , age 18 – 70 years and stable symptoms (    ≤    1 
point variation of NSS and of NDS between screening visit and 
start of study therapy). Key exclusion criteria were history of 
polyneuropathy for longer than 2 years, vitamin substitution 
(vitamins B, E and B-complex) within the preceding 4 weeks, 
continuation of neuropathy treatment with alpha-lipoic acid 
and other neuropathy medication (antidepressants, neurolep-
tics, tranquillisers, carbamazepine), preceding long-term treat-
ment with psychotropic drugs for 3 months, and necessity of 
strong acting analgesics (opioids). 
 After screening, 165 patients were randomised to three treat-
ment groups entering the wash-out phase: benfotiamine 
3    ×    200   mg (n    =    57, group A), benfotiamine 3    ×    100   mg (n    =    55, 
group B) or placebo (n    =    53, group C). The screening phase took 2 
weeks, followed by a washout phase of 2 weeks with the daily 
application of 3    ×    1 placebo. Study medication was prepared 
according to a randomisation list stratifi ed for each centre. Each 
centre allocated a patient meeting the inclusion- / exclusion cri-
teria to the lowest patient number available on the centre list. 
Study medication, i.e. tablets containing either 100   mg or 200   mg 
benfotiamine or placebo, respectively, for 3x daily application 
was prepared by the same manufacturer and did not differ in 
shape, colour or odour. 
 Patients under stable analgesic treatment could continue this 
during the study. The medication had to be documented. For 
rescue medication of pain, temporary analgesic co-medication 
was allowed, e.g. paracetamol up to a daily dose of 5    ×    500   mg. 
After start of study medication, visits were scheduled at weeks 
2, 4 and 6.   
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  Fig. 1           Flow of participants through the study. 
ITT    =    intention to treat; PP    =    per protocol. Reasons 
(1): Non-compliance to inclusion- / exclusion 
criteria (n    =    13); patient consent (n    =    3). Reasons 
(2): Non-compliance with inclusion- / exclusion 
criteria: Prohibited comedication (n    =    16), increased 
liver enzymes (n    =    7); asymmetric polyneuropathy 
(n    =    1). Reasons (3): Patients ’  demand (n    =    4), in 
two cases because of undesired effects (Group A: 
impaired general condition and slight diarrhoea, 
group B: allergic reactions), non-compliance 
(n    =    1), other complaints or diseases requiring (not 
allowed) comedication (n    =    2), unknown (n    =    1); 
totally 10 reasons for 8 patients. Reasons (4): LOCF 
excluded (n    =    4), age not according to inclusion- / 
exclusion criteria (n    =    4), new concomitant disease 
(n    =    1).  

  Table 1       Demographic characteristics of the three treatment groups in the ITT (intention to treat) population and the PP (per protocol) population 

   ITT (n    =    133)  PP (n    =    124) 

 Treatment group  A (n    =    47)  B (n    =    45)  C (n    =    41)  A (n    =    43)  B (n    =    42)  C (n    =    39) 

 benfotiamine (daily dose)  600   mg  300   mg  placebo  600   mg  300   mg  placebo 
 mean age (years) 
(minimum-maximum) 

 62 
(47 – 73) 

 59 
(46 – 72) 

 61 
(42 – 72) 

 61 
(47 – 71) 

 58 
(46 – 69) 

 61 
(42 – 70) 

 gender  
 male  
 female 

  
 25 
 22 

  
 25 
 20 

  
 24 
 17 

  
 24 
 19 

  
 24 
 18 

  
 22 
 17 

 weight (kg) 
 mean 
(minimum-maximum) 

  
 87.8 
(62 – 131) 

  
 86.5 
(53 – 140) 

  
 85.6 
(60 – 180) 

  
 88.9 
(62 – 131) 

  
 85.0 
(53 – 140) 

  
 85.9 
(60 – 180) 

 height (cm)  ‘
 mean 
(minimum-maximum) 

  
 171.4 
(155 – 189) 

  
 172.0 
(155 – 192) 

  
 171.9
(149 – 188) 

  
 171.6 
(155 – 189) 

  
 172.0 
(155 – 192) 

  
 171.6 
(149 – 188) 

 diabetes mellitus  
 type 1  
 type 2 

  
 8  
 39 

  
 6  
 39 

  
 2  
 39 

  
 7  
 36 

  
 6  
 36 

  
 1  
 38 

 diabetes duration (years)  
 mean 
(minimum-maximum) 

  
 13.2 
(0.75 – 41) 

  
 12.0 
(0.25 – 51) 

  
 11.7 
(0.5 – 37) 

  
 13.1 
(0.75 – 41) 

  
 12.0 
(0.25 – 51) 

  
 11.3 
(0.5 – 37) 

 HbA 1c   
 mean 
(minimum-maximum) 

  
 7.8 
(6.0 – 10.1) 

  
 7.7 
(6.2 – 9.4) 

  
 7.6 
(5.5 – 9.7) 

  
 7.8 
(6.0 – 10.1) 

  
 7.7 
(6.2 – 9.4) 

  
 7.6 
(5.5 – 9.7) 
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 Evaluation populations 
 All patients receiving at least one medication dose were included 
in the safety population. The assignment of the patients to 
the effi cacy populations (ITT and PP) was performed by assess-
ment of the inclusion / exclusion criteria, as well at screening or 
at the wash-out phase before start of active study medication 
(    �  �     Fig. 1  ). Treatment duration had to be at least 4 weeks. For 
patient drop-outs before week 6, the LOCF method (Last Obser-
vation Carried Forward) was applied for the ITT analysis. Minor 
deviations from these and other criteria were assessed for clini-
cal importance. In the assignment to the ITT population, the fol-
lowing minor protocol-deviations did not lead to an exclusion 
from the population: Minor or only temporary increase of HbA 1c  
up to 10.1    % , age over 70 years. For defi nition of PP, age over 70 
years and LOCF were exclusion criteria, furthermore new co-
morbidities needing new co-medication.    

 Results 
  &   
 Demographic and basic clinical data 
 Demographic data were comparable in the three treatment 
groups (see   Table 1  ). The mean age was approximately 60 years; 
there were more males than females (56 vs. 44    % ). The mean 
duration of diabetes mellitus was approximately 12 years, 
mostly type 2 (more than 85    % ). The mean HbA 1c  was 7.7    % . In 
accordance with the inclusion and exclusion criteria, the dura-
tion of diabetic neuropathy was between 3 months and 2 years. 
The baseline values of the effi cacy parameters are summarised 
in   Table 2   for the ITT and PP populations.   

  Fig. 2           Reduction of NSS (Neuropathy Symptom Score) under two 
different benfotiamine dosages (600   mg and 300   mg daily) and placebo. 
Each column represents mean of changes to baseline visit and its 95    %  
confi dence interval. ITT    =    intention to treat ( a ), PP    =    per protocol ( b ). 
The difference is statistically slightly above signifi cance level in the ITT 
population, but signifi cant in the PP population.  

  Fig. 3           Reduction of TSS (Total Symptom Score) under two different 
benfotiamine dosages (600   mg and 300   mg daily) and placebo in the ITT 
(intention to treat) population. Each column represents mean of changes 
to baseline visit and its 95    %  confi dence interval.  

    Fig. 4           Reduction of single symptoms of the TSS (Total Symptom Score) 
during treatment with 600   mg benfotiamine daily (group A) in the ITT 
(intention to treat) population. Each column represents mean of changes 
to baseline visit and its 95    %  confi dence interval.  

   Table 2       Baseline values of primary and secondary effi cacy variables (mean, minimum-maximum) 

   ITT (n    =    133)  PP (n    =    124) 

 Treatment group  A (n    =    47)  B (n    =    45)  C (n    =    41)  A (n    =    43)  B (n    =    42)  C (n    =    39) 

 NSS (Neuropathy Symptom Score)  7.7 (5 – 9)  7.6 (5 – 9)  7.6 (5 – 9)  7.8 (5 – 9)  7.6 (5 – 9)  7.8 (5 – 9) 
 TSS (Total Symptom Score)  6.2 (1 – 14.64)  6.0 (0 – 14.64)  4.9 (0 – 13.98)  6.1 (1 – 14.64)  5.8 (0 – 14.64)  4.9 (0 – 13.98) 
 NDS (Neuropathy Disability Score)  7.6 (5 – 10)  8.3 (5 – 10)  7.9 (5 – 10)  7.6 (5 – 10)  8.3 (5 – 10)  7.9 (5 – 10) 
 Tuning fork test  

 left side 
 right side 

  
 3.4 
 3.4 

  
 3.0 
 3.0 

  
 3.5 
 3.5 

  
 3.4 
 3.3 

  
 2.9 
 3.0 

  
 3.4 
 3.4 
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 Primary effi cacy outcome: Changes from baseline in NSS 
 At inclusion, the Neuropathy Symptom Score (NSS) was compa-
rable in all three groups (see   Table 2  , median in all groups: 8). 
After 6 weeks of treatment, the improvement from baseline in 
NSS was greatest in group A (600   mg benfotiamine) and smallest 
in group C (placebo,     �  �     Fig. 2  ). The difference between the groups 
was statistically signifi cant (p    =    0.033) in the PP population. In 
the ITT population, the difference was slightly above signifi cance 
level (p    =    0.055).   

 Secondary effi cacy outcomes  
 TSS 
 In the Total Symptom Score (TSS), the improvement from base-
line after 6 weeks of treatment was greatest in the 600   mg group 
and smallest under placebo, although the difference was not sig-
nifi cant between the groups (    �  �     Fig. 3  ). Observing the individual 
parameters of the TSS in group A (600   mg benfotiamine), the 
best improvement was found for the symptom  “ pain ” , followed 
by  “ numbness ” ,  “ burning ”  and  “ paresthesia ”  (    �  �     Fig. 4  ). In an 
open long-term extension of the study, the improvement in 
group A further increased.   

 NDS 
 The NDS (Neuropathy Disability Score) showed a tendency to 
increasing improvement with time. After 6 weeks, the score was 
decreased by 0.8 – 1.1 points (ITT). However, the baseline values 
differed between the groups from 7.6 (group A) to 8.3 (group B). 
There was no signifi cant difference between the groups at any 
time (p    =    0.609 after 6 weeks in the ITT population).   

 Vibration threshold 
 In the tuning fork test, only minimal differences could be 
detected between the treatment groups. The mean baseline val-
ues differed between 2.9 and 3.5 and decreased by 0.18 – 0.40 
(ITT) and 0.21 – 0.42 (PP) after 6 weeks, respectively.    

 Metabolic control 
 At inclusion, HbA 1c  was comparable in the treatment groups: 
The means were 7.8    %  in group A (600   mg benfotiamine), 7.7    %  in 
group B (300   mg benfotiamine) and 7.6    %  in group C (placebo) 
and did not change signifi cantly during the treatment duration 
of 6 weeks.   

 Safety 
 There were no clinically relevant changes during study treat-
ment in fasting glucose and other laboratory values, blood pres-
sure, heart rate or urine chemistry. Only a few treatment-related 
adverse events were reported during the study. In 6 patients, 
slight gastrointestinal disorders were recorded, skin / allergic 
reactions in 2 patients. Other adverse events were unspecifi c 
disorders like disturbed general well-being, tiredness, dizziness 
or deterioration of the baseline situation. In both benfotiamine 
groups, the number of patients with adverse events was compa-
rable to placebo, demonstrating the good tolerability of a daily 
dose of 300   mg or 600   mg benfotiamine.    

 Discussion 
  &  
 In the BEDIP study ( Haupt et al., 2005 ), a signifi cant therapeutic 
effect of benfotiamine (400   mg daily) was observed using the 
score according to Katzenwadel. The present study demon-

strated 600   mg of benfotiamine showing greater effi cacy than 
300   mg in the NSS. The aim of this study, however, to confi rm 
the results of the pilot study ( Haupt et al., 2005 ), missed signifi -
cance in the ITT population and was met only in the PP analysis. 
Whereas the ITT analysis is the more robust evaluation, the more 
investigational approach of the PP analysis by selection of 
patients according to the inclusion / exclusion criteria justify the 
conclusion, that signifi cant treatment effects of benfotiamine 
could be proven also in an ITT population using an optimised 
study design. Especially the exclusion of LOCF in the PP popula-
tion might explain the difference of signifi cance between ITT 
and PP population, because during the fi rst weeks a high pla-
cebo effect was observed, discriminating from therapeutic effect 
only at 6 weeks. Though  Haupt et al. (2005)  showed a fast onset 
of action with signifi cant results already after 3 weeks by the 
test of Katzenwadel, one has to take into account differences in 
the scores used for analysis. Depending on the parameters or 
symptoms tested with different scores, the onset of therapeutic 
improvement might need different time spans. As was shown by 
    �  �     Fig. 4  , the symptom  “ pain ”  seems to be infl uenced best by 
benfotiamine, whereas  “ paresthesia ”  showed nearly no effect 
after 6 weeks even under the higher benfotiamine dose. As a 
consequence, the defi nition of the primary endpoint has to be 
considered thoroughly in dependence of treatment duration or 
vice versa. 
 Furthermore, it was diffi cult to estimate the magnitude of an 
effect on the NSS and to compute the sample size for this study, 
because this score had not been used for documentation of 
treatment effects so far but rather for epidemiological purposes. 
The NSS decreased by 1.35 points (17    % ) under 600   mg benfo-
tiamine and only by 8.3    %  under placebo (ITT population) after 6 
weeks. Assuming that these differences are due to reduction of 
symptoms, this means e.g. complete relieve of at least one symp-
tom of neuropathy, a clinically meaningful result. On the other 
hand, for sample size calculation a difference of at least 20    %  had 
been expected, leading to inappropriate sample size. Further-
more, the study population corresponded to sample size calcu-
lation only during the screening phase. Thereafter, reduced 
patient numbers decreased the power of the study considerably. 
This might contribute to missing statistical signifi cance in the 
ITT analysis additional to the problem of LOCF. 
 Comparing the characterisation of the disease and the symp-
toms by the different scores, a discrepancy at baseline can be 
seen. Whereas the severity of defi cits evaluated by the NDS and 
the severity of symptoms evaluated by the NSS were moderate 
to severe, TSS indicates only mild symptoms / pain in mean, with 
a broad variation in all treatment groups between minimum and 
maximum at baseline. Thus, it is possible that although the 
symptoms were typical and severe for diabetic polyneuropathy 
according to the NSS, severity and frequency of evaluated symp-
toms were relatively low according to the TSS in a part of the 
patients. With mean baseline values of TSS between 4.9 – 6.2 
points, reduction by benfotiamine was 18    %  (600   mg), corre-
sponding to more than one point, compared to only 5.3    %  under 
placebo, i.e. a relative difference in favour of benfotiamine of 
12.7    % . A reduction of one point of TSS means, that e.g. the sever-
ity of one symptom changes from moderate to mild or from 
severe to moderate, a clinically relevant result, especially con-
sidering the aspect that the symptom  “ pain ”  seems to be best 
infl uenced by benfotiamine (    �  �     Fig. 4  ). In the SYDNEY 2 trial 
( Ziegler et al., 2006 ), oral treatment of patients suffering from 
diabetic polyneuropathy with different doses of alpha-lipoic 
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acid (600, 1.200 and 1.800   mg daily compared to placebo) for 5 
weeks showed a relative difference in favour of alpha-lipoic acid 
between 16 – 20    %  for the TSS, which was defi ned as primary end-
point with considerably less baseline differences and higher ini-
tial values compared to the BENDIP study. 
 As a pathogentically based treatment, benfotiamine was 
expected also to improve NDS or at least slow progression. A 
tendency to improvement was found in all groups with a high 
placebo effect leading to non-signifi cant differences between 
the groups. For demonstrating a slowing of progression how-
ever, the treatment duration of 6 weeks was too short. 
 In conclusion, this study may be the basis for a following trial 
using another primary endpoint, e.g. the TSS or NTSS-6 ( Bastyr 
et al., 2005 ), alternatively a numerical pain rating scale with a 
precise defi nition of severity of the disease at inclusion based on 
these scores. This defi nition should avoid mild disease, because 
a high placebo effect will mask the therapeutic effect, and severe 
disease, because a point of no return by irreversible degenera-
tion of nerve tissue ( Cellek, 2004 ) would impede therapeutic 
improvements. Additionally, the type of diabetes might play a 
role in pathogenesis of diabetic complications ( Kasalova et al., 
2006 ), with consequences of therapeutic interventions, or the 
quality of blood glucose control ( Arora et al., 2006 ). If the prom-
ising results could be confi rmed in another controlled clinical 
study under optimised conditions, benfotiamine would offer a 
therapy of diabetic neuropathy, which is well substantiated by 
the pharmacodynamic profi le of benfotiamine ( Hammes et al., 
2003 ). As the general pathological basis of all changes in metab-
olism caused by enhanced glucose levels is the production of 
superoxide by the mitochondrial electron-transport chain 
( Brownlee, 2001 ), benfotiamine is a pathogenetically based, 
causal treatment option with a broader mechanism of action as 
other inhibitors of AGE production (aminoguanidine, pimageni-
dine), which proved to be benefi cial in animal experiments 
( Kihara et al., 1991 ) but without clinical proof of effi cacy in dia-
betic complications so far ( Bolton et al., 2004 ;  Freedman et al., 
1999 ). Based on the data of  Thornalley et al. (2007) , a thiamine 
defi ciency is to be expected in diabetic patients even if masked 
in conventional measurements, justifying a probative applica-
tion of benfotiamine in patients with neuropathy.   
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