
 
 

 

Sept 2010  1 

Chapter 5. Microvascular complications 
 
Paola Fioretto (Chair) 
Francesco Bandello, Andrew J. M. Boulton, Mark Cooper (special advisor),  
Hans-Peter Hammes, Michel Marre, Merlin Thomas (special advisor),  
Dan Ziegler (special advisor) 
 
 

Section A. Introduction  
 
Diabetes mellitus is recognised as a leading cause 
of disability, morbidity and premature mortality. 
These outcomes are largely due to the 
complications of diabetes that affect the eyes, 
kidneys, nerves, and cardiovascular system. 
Diabetes is the leading cause of blindness, kidney 
failure, and amputations of the feet and legs in 
adults. Diabetic nephropathy is the single most 
common cause of end-stage renal disease in 
western countries.  
 
In the United States, more than 45 percent of new 
cases of patients requiring renal replacement 
therapy have diabetes. In addition, through its 
association with the development of generalised 
vascular disease, diabetic nephropathy is the main 
cause of the excess mortality in diabetes.  
 
The diabetic foot is a condition that includes 
infection, ulceration and destruction of deep tissues 
consequent to neurological abnormalities and 
peripheral vascular disease. In the western world, 
diabetic foot is the most common cause of 
hospitalisation in patients with diabetes. Treatment 
of diabetic foot lesions is associated with high 
costs, especially in cases of amputation, due to 
hospitalisation, rehabilitation, home care and social 
services. Around 60 percent of lower leg 
amputations are due to diabetes. 
 
Myocardial infarction (heart attacks) and strokes 
are also two to four times more common in those 
with diabetes and even more so in diabetic 
individuals with microvascular complications. While 
the risk of dying from acute complications has been 
reduced substantially, the age-adjusted mortality for 
those with diabetes remains two to four times 
greater than the general population.  
 
These adverse outcomes are observed despite 
widespread awareness of diabetes, the availability 
of medications and the combined support of 

specialist health care workers and systems. 
Although it is clear that loss of the ability to regulate 
and maintain healthy blood glucose levels is 
fundamental to the development of microvascular 
complications, the mechanisms by which poor 
glucose control mediates functional changes and 
initiates and sustains tissue damage are poorly 
understood. Understanding the key pathogenetic 
pathways that eventually lead to the development 
of devastating chronic diabetic complications is 
crucial for new therapeutic strategies to prevent and 
cure them. 
 
An important concept is that the best results are 
obtained when the complications are treated at the 
very early stages of the disease. It is therefore 
crucial to develop early markers able to identify 
patients at high risk of developing any 
microvascular complication. The availability of early 
markers/predictors would allow high-risk patients to 
be intensively treated with currently available 
therapies as well as with new agents. When the 
complications are established and advanced, 
current strategies can only partially impact on the 
progression towards end-organ failure. Since the 
mechanisms involved in progression of the 
complications are likely to be different from those 
responsible for the initiation, understanding these 
processes could lead to slowing or halting of 
disease progression. Animal models developing 
advanced diabetic complications are currently not 
available, and this is a major roadblock in the 
development of new strategies to slow the 
progression towards end-organ failure and to cure 
microvascular complications. 
 
Consequently, there is an urgent need to establish 
a road map towards reducing the burden of diabetic 
complications, and promoting key research areas 
that identify and address the factors that contribute 
to the development and progression of the 
microvascular complications of diabetes. 
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Section B. Scientific advances and major challenges 
 
In the last 10-20 years, there have been important 
advances in understanding risk factors and 
molecular mechanisms that lead to microvascular 
complications. This has led to the identification of 
early markers and treatments able to reduce the 
burden of these complications and therefore to 
improve life expectancy and quality of life of people 
with diabetes.  
 
Although diabetic nephropathy remains the most 
common cause of renal failure, diabetic retinopathy 
the leading cause of visual loss in adults and 
diabetic neuropathy the leading cause of lower limb 
amputations, improvement in the management of 
these complications has been substantial. Thus, the 
number of people with type 1 diabetes requiring 
dialysis has decreased in the last 10 years, 
although the number of those with type 2 diabetes 
has increased, most probably because they live 
longer and thus have more time to develop 
advanced renal complications and also because of 
the epidemic numbers of people with type 2 
diabetes.  
 
Long-term longitudinal studies in type 1 and type 2 
diabetes have clearly identified hyperglycaemia as 
the most important risk factor for diabetic 
microangiopathy. Importantly, two large intervention 
studies [the Diabetes Control and Complications 
Trial (DCCT) and the United Kingdom Prospective 
Diabetes Study (UKPDS)] have demonstrated the 
efficacy of good glycaemic control in preventing 
retinopathy, nephropathy and neuropathy. These 
studies have subsequently had a tremendous 
impact on the clinical management of diabetes.  
 
The mechanisms whereby high glucose levels 
damage the microvasculature have been in part 
clarified: the pathway leading to formation of 
advanced glycation end-products; activation of the 
polyol pathway and increased production of 
glucosamine; role of protein kinase C isoforms. A 
unifying hypothesis has been proposed with 
glycaemia-induced overexpression of mitochondrial 
reactive oxygen species. Angiogenic factors that 
affect blood vessel formation are also important 
players in the development of microvascular 
complications. A yet more detailed molecular 
understanding of these processes could lead to 
important advances in therapeutic strategies.  
 
Epidemiological and familial studies have shown 
that, in addition to poor glycaemic control, 
familial/genetic influences are important in 
conferring risk for complications. So far, the search 
for genetic determinants of susceptibility has been 

inconclusive, and different strategies should be 
defined to understand these non-glucose related 
factors. 
 
Another important therapeutic advance has been 
the use of antihypertensive drugs to block the renin-
angiotensin system. Such drugs have been shown 
to be particularly effective in slowing the 
progression of nephropathy towards renal failure. 
 
Finally, it has become clear that best results can be 
obtained when intervention is undertaken in the 
early stages of complications; thus, measurement 
of small amounts of albumin in the urine is now 
used worldwide to detect early diabetic 
nephropathy and guide intervention to prevent the 
progression of the disease. Similarly, the 
fundamental role of early detection for retinal 
abnormalities has allowed the timely use of laser 
therapy to prevent visual loss.  
 
However, with some exceptions noted below, 
progress in identifying new targets for treating 
diabetic microvascular complications has been 
disappointing, while some newly developed drugs 
have not held their initial promise. This reinforces 
the urgent need for a deeper molecular 
understanding of the pathological mechanisms that 
underlie these devastating disorders.  
 
Nephropathy 
Diabetic nephropathy is the microvascular 
complication whose natural history has been 
changed most as a consequence of the scientific 
advances over the last 20 years. The identification 
of microalbuminuria as an early biomarker/predictor 
for both renal and cardiovascular diseases has 
allowed patients at high risk to be identified and 
treated. More recently, the demonstration that 
microalbuminuria is a less precise predictor of 
nephropathy risk than originally thought and that 
many patients may spontaneously regress to 
normoalbuminuria, has led to the search for 
additional biomarkers. In addition to the 
measurement of microalbuminuria, the identification 
of early renal function deterioration is now accepted 
as an important clinical indicator of renal and 
cardiovascular risk, especially in people with type 2 
diabetes. 
 
The consequences of these scientific advances are 
the use of microalbuminuria and glomerular 
filtration rate in the routine evaluation of all people 
with diabetes. The kidney is very sensitive to the 
damaging effects of high glucose, and the trials 
comparing standard versus intensified blood 
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glucose control have clearly demonstrated the 
efficacy of strict glycaemic control in preventing the 
development and slowing the progression of 
nephropathy in the early stages. Normalisation of 
glucose for several years has been found to cure 
diabetic nephropathy leading to regression of the 
renal lesions caused by diabetes. These results 
were obtained following pancreas transplantation in 
people with long-term type 1 diabetes.  
 
In addition to glycaemia, familial/genetic factors are 
also important in determining risk/protection from 
diabetic nephropathy. The first polymorphism 
associated with nephropathy risk was the 
angiotensin converting enzyme insertion/deletion 
(ACE I/D), followed by many others. More recently, 
different strategies have been used (genome-wide 
association studies), so far with inconclusive 
results.  
 
The important role of oxidative stress, growth 
factors (especially angiogenic) and inflammation in 
the development of microvascular complications 
has been demonstrated in animal models. 
 
Control of blood pressure, especially through 
blockade of the renin-angiotensin-aldosterone 
system has been shown to be very important in 
slowing/halting progression of diabetic renal 
disease, both in type 1 and type 2 diabetes, and to 
postpone the need for dialysis treatment. Finally, 
multifactorial interventions to modify lifestyle, 
glucose, blood pressure, lipids have been found to 
be fundamental in the treatment of diabetic 
nephropathy. 
 
Retinopathy 
The use of laser photocoagulation for treatment of 
proliferative diabetic retinopathy [Diabetic 
Retinopathy Study (DRS)] and macula oedema 
[Early Treatment Diabetic Retinopathy Study 
(ETDRS)] has been the major advance allowing 
visual loss and blindness to be prevented in most 
cases, and therefore has had a tremendous impact 
in improving quality of life.  
 
Studies of the mechanisms responsible for diabetic 
retinopathy have demonstrated the importance of 
advanced glycation end-products and aldose 
reductase activity, activation of protein kinase C 
and growth factors [basic fibroblast growth factor, 
vascular endothelial growth factor (VEGF), placenta 
growth factor (PlGF), insulin-like growth factor-1 
(IGF-1)]. The identification of the mediators of 
neoangiogenesis in proliferative retinopathy has led 
to the development of new therapeutic approaches, 
such as intravitreal injection of triamcinolone 
acetonide (IVTA), widely used in the past 10 years 
for treating proliferative retinopathy as well as 

clinically significant macular oedema (CSME), 
although only one randomised clinical trial has been 
carried out. A very high rate of side effects (ocular 
hypertension and cataract) associated with IVTA 
has significantly limited this procedure. More 
recently, intravitreal injection of anti-VEGF 
compounds has been used for treating proliferative 
retinopathy as well as CSME. Although these 
pharmacologic approaches offer by definition only 
short-term efficacy, they can be useful when 
combined with other therapeutic modalities, such as 
laser treatment, for improving the prognosis of 
diabetic retinopathy. 
 
The eye, similar to the kidney, is very sensitive to 
hyperglycaemia, and a strict relationship between 
blood glucose and risk of developing retinopathy 
has been demonstrated. Intensified glucose control 
prevents the development and slows the 
progression of diabetic retinopathy in both type 1 
and type 2 diabetes. Arterial hypertension is an 
additional aggravating risk factor, and reduction in 
blood pressure has a positive impact on diabetic 
retinopathy. Some studies show a superiority of 
drugs blocking the renin-angiotensin system, but 
currently available data are contradictory. A 
multifactorial approach to treatment has a positive 
impact also on development and progression of 
retinopathy. 
 
Neuropathy and diabetic foot 
A role for intensive glucose control in the aetiology 
of neuropathy in type 1 diabetes has been 
demonstrated. By contrast, the evidence for 
intensive diabetes therapy and multifactorial risk 
intervention on neuropathy in type 2 diabetes is 
inconclusive [no effect on development or 
progression of polyneuropathy in the Action in 
Diabetes and Vascular Disease: Preterax and 
Diamicron MR Controlled Evaluation (ADVANCE), 
the Veterans Administration Diabetes Trial (VADT), 
or the Steno Type 2 studies]. A role for non-
glycaemic (cardiovascular) risk factors in the 
pathogenesis of diabetic neuropathy has therefore 
been suggested. New methods to assess the 
morphology of neuropathy, intra-epidermal nerve 
fibre density and corneal confocal microscopy, have 
been developed, although early, easy-to-use 
markers of high risk are lacking. There are now 
treatments available for neuropathic pain, but not 
for neuropathy. 
 
The most common causes that interact to result in 
breakdown of the diabetic foot with resultant 
ulceration have been described in prospective 
observational studies. The commonest component 
causes are neuropathy (loss of pain and position 
sensation), deformity (most commonly prominence 
of the metatarsal heads and clawing of the toes) 
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and trauma (most commonly inappropriate, ill-fitting 
footwear); almost two thirds of ulcers are caused by 
a combination of these three factors. Peripheral 
vascular disease contributes to at least 30 percent 
of ulcers, and other factors, including other 
microvascular complications, male sex, social 
isolation and ethnicity (risk greatest in people of 
European descent), have been described.  
 
Several randomised controlled trials confirm the 
role of offloading in healing neuropathic foot ulcers. 
These observations have led to the more 
widespread use of offloading devices in patients 

with foot ulceration. Negative pressure wound 
therapy is efficacious in achieving more rapid 
wound closure in patients with complex foot 
wounds and in post-surgical healing in the diabetic 
foot. Similar efficacy exists for hyperbaric oxygen 
treatment in patients with neuroischaemic or 
ischaemic infected ulcers, distal non-treatable 
peripheral vascular disease and non-healing. A 
number of artificial skin substitutes have shown 
significant though minor improvements in wound 
closure rates, although many trials failed to 
adequately offload the wounds.  
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Section C. Road map reports 
 
Links between Goals and Milestones in the DIAMAP report are noted within the text and also in the diagrams 
in italics. Roadblocks are listed below the diagrams and described at the end of the chapter. Goals and 
Milestones considered a priority are indicated with a broken green line.  

 
 

Goal 5.1. Develop and validate new pathogenetic treatments for diabetic 
microangiopathy  
 

 
 

   Roadblock 1. Assumption that nephropathy in type 2 diabetes is the same as in type 1 diabetes 
   Roadblock 2. Lack of access to human tissue through large accessible biobanks 
   Roadblock 5. Lack of animal models to sufficiently mirror human disease 
 

 

 

Introduction and background 
Chronic diabetes results in progressive damage to 
a number of different organs, including the eyes, 
the kidneys, the nerves, the heart and 
cardiovascular system. Fundamental to each of 
these changes is the loss of the ability to regulate 
and maintain healthy glucose levels in the blood. 
However, the mechanisms by which poor glucose 
control, as well as other factors, is able to mediate 
functional changes and initiate and sustain tissue 
damage are poorly understood. This road map 
specifically focusses on defining these mechanisms 
in diabetic microangiopathy. The ultimate aim is to 
develop and validate new treatments.  
 
The primary procedure comprises validation in 
animal models that are as close as possible to early 
human disease. A novel prerequisite for validation 
is secondary intervention (treatment when the 
complication is already present), which is mostly 
neglected in the development of drugs for 
complications (see also Milestone 1.4.06). Studies 

along these tracks may also shed light on possible 
differences in the aetiology, pathophysiology and 
clinical outcomes in microvascular complications in 
type 1 compared with type 2 diabetes. 
 
Milestone 5.1.01. Define early pathogenetic 
mechanisms common to diabetic 
microangiopathy 
This Milestone focusses on understanding in fine 
molecular detail the mechanisms by which 
hyperglycaemia leads to tissue damage. A number 
of key pathogenetic pathways that eventually lead 
to the development of diabetic complications should 
be explored: mitochondrial dysfunction/oxidative 
stress, inflammation and metabolic regulation of 
growth factors.  
 
Milestone 5.1.02. Extend understanding of 
glucose toxicity in different cell types of target 
organs  
The epidemiologic observation that eyes become 
affected by microvascular damage in almost all 
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patients with diabetes over time, while kidneys and 
nerves more frequently escape despite identical 
glycaemic exposure, has no mechanistic 
explanation. Moreover, non-vascular cells have a 
major impact on the response of vascular cells to 
chronic glucose toxicity. A systematic overview of 
individual cell susceptibility to chronic glycaemic 
toxicity [i.e. impact on gene (transcriptome) and 
protein (proteome) expression, kinases (kinome) 
and other signalling cascades] will allow for 
elucidation of shared and individual pathological 
pathways involved. The synergistic interactions 
between small vessels and the surrounding 
microenvironment deserve particular attention. This 
line of research is enabled by the development of 
new tools for targeting critical molecules in tissues 
and whole model animals and by new imaging 
techniques.  
 
Milestone 5.1.03. Compare relative 
contributions of glucose variability and glucose 
exposure to microvascular injury 
Some observations suggest that glucose variability 
rather than average glycaemic exposure reflected 
by HbA1c may explain microvascular damage 
leading to blindness, kidney and nerve damage. 
Thus, hyperglycaemic spikes may represent an 
independent risk factor for complications. Cell 
culture systems and model animals can be 
combined to exploit high throughput and array-
based technologies for the identification of critical 
target genes and pathways involved in 
microvascular damage. 
 
Clinical studies using state-of-the-art technologies 
are needed to test in prospective, longitudinal 
follow-up the relevance of the variability in blood 
glucose and the development of microangiopathic 
complications. Novel tools to measure cumulative 
glycaemic tissue exposure and tools/surrogate 
parameters for cumulative tissue damage are 
necessary to determine the relevance to 
microvascular damage of glucose variability 
compared with cumulative exposure.  
 
Milestone 5.1.04. Understand the mechanisms 
of good and bad glucose memory, including 
epigenetic phenomena  
There is evidence that good glycaemic control 
maintained for a prolonged period of time protects 
against microvascular complications, even when 
such good control is not maintained. On the other 
hand, there is also evidence for memory of poor 
metabolic control. Adaptive cell and tissue 
mechanisms providing protection or damage are 
being identified to allow the possibility for their use 
either for damage prevention or for the 
development of protection. Research is needed to 
understand the underlying mechanisms of 

glycaemic memory because of their immediate role 
in promotion of and protection against cell and 
tissue damage.  
 
Milestone 5.1.05. Define the relative 
contributions of non-glucose factors to 
microvascular damage 
Each organ has inborn protection systems against 
different types of stress that are helpful to cope with 
the type of stress diabetes imposes. In this regard, 
tissue-specific factors of this primary defence are 
defined by their ability to cope with glucose toxicity. 
In addition to glucose, other factors such as arterial 
blood pressure, lipids, cytokines produced by 
visceral fat and smoking may contribute to tissue 
damage in a specific organ. Large patient cohorts 
with well-characterised levels of microvascular 
damage in all areas of the body should be 
established to provide material for the analysis of 
non-glucose factors that contribute to microvascular 
damage (see also Goal 4.1). This research should 
also be directed towards understanding differences 
in the pathophysiology of renal disease in type 1 
and type 2 diabetes. 
 
Milestone 5.1.06. Define genes associated with 
increased risk for microvascular complications 
and gene/risk factor interactions 
Epidemiological studies have suggested that 
genetic factors are important in conferring risk for 
diabetic nephropathy. The presence of diabetic 
retinopathy in patients without nephropathy also 
suggests that, in addition to hyperglycaemia, 
genetic factors are involved in determining high 
nephropathy risk. 
 
Polymorphisms of genes related to the adaptive 
and maladaptive response spectrum to 
hyperglycaemia and its biochemical sequelae are of 
central interest. The interaction between genes and 
environmental factors (glucose, blood pressure, 
lipids, etc) also calls for further research. Biobanks 
of material from patients with rapid as well as those 
with delayed progression to advanced disease 
stages are necessary for the analysis of special 
susceptibility gene sets (see also Milestone 1.4.01, 
Goal 4.1 and European Platform for Clinical 
Research in Diabetes - EPCRD). Systematic gain- 
and loss-of-function studies in experimental 
systems and parallel studies for genetic 
polymorphisms in affected humans, including 
outcome studies for complications, are proposed. 
These data may shed further light on possible 
differences between nephropathy in type 1 vs type 
2 diabetes. 
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Milestone 5.1.07. Identify factors that protect the 
microvasculature from glucose-induced 
damage  
The causal role of chronic hyperglycaemia in 
microvascular damage and the phenomenon of 
glycaemic memory are established. Importantly, 
adaptive cell and tissue mechanisms providing 
protection against glycaemic toxicity remain to be 
identified to open the possibility to exploit them for 
prevention. It will be particularly important to 
understand better synergy between the small 
vessels and the surrounding microenvironment. 
This area of research is enabled by the 
development of new tools for targeting critical 
molecules in tissues and whole model animals and 
by new imaging techniques.  
 

Milestone 5.1.08. Define genes associated with 
protection from microvascular complications 
As mentioned above, there are patients who, 
despite poor glycaemic control for many years, do 
not develop complications, or they develop 
retinopathy but not nephropathy. These 
observations suggest that there may be a genetic 
background protecting against the damaging effects 
of high glucose towards a specific organ (kidney). 
Large clinical studies with biobanks are necessary 
to test this hypothesis and to evaluate the 
interaction of protective genes with environmental 
factors as assessed by various means, such as 
biobank stored material (see also Goal 4.1) and 
questionnaires. 
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Goal 5.2. Identify early organ-specific predictors of high-risk, accelerated course, or 
protection from microvascular complications 

 

 
 

   Roadblock 1. Assumption that nephropathy in type 2 diabetes is the same as in type 1 diabetes 
   Roadblock 2. Lack of access to human tissue through large accessible biobanks 
   Roadblock 3. Lack of large-scale European research networks to generate large international studies 
   Roadblock 4. Lack of multidisciplinary collaboration 
   Roadblock 5. Lack of animal models to sufficiently mirror human disease 
 

 
 

Introduction and background 
It is crucial to develop early markers able to identify 
patients at high risk of developing microvascular 
complications, given that the best clinical results 
are obtained when the complications are treated at 
the very early stages of the disease. The availability 
of early markers/predictors would allow the high-
risk patients to be intensively treated with available 
therapies as well as with new agents. When the 
complications are established and advanced, 
currently available strategies can only partially 
impact on the progression towards end-organ 
failure (see also Milestones 1.5.08, 1.5.09, 3.2.16). 
 
Milestone 5.2.01. Identify early functional 
abnormalities that predict morphological 
changes in the eye 
When any cell (for these purposes retinal) suffers 
an insult of any cause (i.e. microvascular closure or 
leakage in diabetes), the sequence of changes it 
undergoes is as follows: 1. alteration in signalling 
molecules related to the insult; 2. adaptation to 
insult; 3. structural and functional microalterations; 
4. structural and functional disintegration 
(macroalterations). The so-called ‘early’ markers 
routinely mentioned, such as microaneurysms, 
exudates, haemorrhages, ischaemia, cystic 
degeneration, fall under the last category of 
macroalterations. With advances in digital imaging, 
these markers may now be detected easily, though 
their precise quantification as a predictor of 
progression still poses a challenge. Merely 
detecting the markers may not be enough, as they 

connote significant damage having already 
occurred in that region, some of which is 
irreversible. If damage is to be fully reversible, 
markers should ideally be detected, or better still 
quantified, at stages 3, 2 or 1. Shifting marker 
detection to a very early stage of retinal changes 
would greatly increase the chances of preventing 
diabetic damage from occurring even when not 
visible macroscopically. Thanks to advances in 
high-resolution coherence tomography, 
microperimetry, spectral oxymetry and multifocal 
electroretinography, some progress has been 
possible but more needs to be done. Development 
of methods aimed at detecting microalterations 
would also improve the ability to correlate structure 
with function.  
 
Milestone 5.2.02. Identify a surrogate marker for 
early nerve damage 
Diabetic somatic peripheral neuropathy (DPN) is 
the most common and costly complication of 
diabetes and is the main initiating factor for foot 
ulceration, Charcot’s neuroarthropathy and lower 
extremity amputation. There are currently no 
prescribable licensed pathogenetic treatments that 
prevent, slow or arrest the development of 
neuropathy. Thus, the development of new 
pathogenetic treatments is of paramount 
importance but will only be translated into clinical 
practice when therapeutic efficacy of an effective 
treatment is confirmed using appropriate surrogate 
endpoints.  
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Currently available surrogate markers have major 
shortcomings when employed in clinical 
intervention trials, and include electrophysiology 
(only targeting large fibre function) and quantitative 
sensory testing (lacks specificity). The only current 
techniques that allow direct examination of small 
fibre function and repair are sural nerve biopsy with 
electron microscopy or skin punch biopsy, both of 
which are invasive procedures and therefore 
unsuitable for use in prospective clinical trials. 
There is therefore an urgent need to develop and 
validate an accurate non-invasive surrogate marker 
for DPN to be used in clinical trials of putative new 
treatments. Any marker should be shown to predict 
the development of neuropathy and the endpoint 
(foot ulceration), correlate with underlying structural 
change, and should be reproducible with a low 
coefficient of variation. 
 
Milestone 5.2.03. Identify early biomarkers 
predictive of the development of kidney disease 
Diabetic nephropathy affects only a subset of 
patients (20-30 percent); glycaemic control is 
important in conferring risk, however genetic 
predisposition also plays an important role. The 
identification of patients at high risk of developing 
nephropathy is critical in primary prevention; 
indeed, if high-risk patients were identified early 
they could receive intensified multifactorial 
treatment.  
 
Genetic studies using different approaches have so 
far been inconclusive, and there is the need for 
large, collaborative studies with proper phenotyping 
of patients in order to identify early biomarkers for 
diabetic kidney disease (see also Milestone 1.4.01, 
Goal 4.1).  

Milestone 5.2.04. Identify and test early 
biomarkers in long-term prospective studies 
with baseline biobanks 
To identify new early biomarkers, several strategies 
can be used: prospective studies, that will require at 
least 10 years; collaboration of centres with long-
term follow-up data and biobanks of baseline blood 
and urine samples; testing new non-invasive 
imaging technologies to quantify early 
haemodynamic and morphologic changes; large 
research networks and collaboration of researchers 
with availability of renal biopsies or images, and 
stored blood and urine samples. The relationships 
between biomarkers and specific renal lesions, 
known to be crucial in diabetic nephropathy, can 
then be tested. The EPCRD will greatly facilitate 
such large-scale and long-term studies. 
 
Milestone 5.2.05. Study the relationships 
between new biomarkers and relevant diabetic 
renal lesions  
Since the early 1980s microalbuminuria has been 
available as an early marker for diabetic renal 
disease. This marker, however, has been shown to 
be imprecise and to predict advanced disease only 
in 30 percent of patients, since it is subject to 
changes due to interventions. Rather than an early 
marker, microalbuminuria may indicate that the 
renal disease is already quite advanced. It is 
therefore necessary to find additional early 
biomarkers to identify patients at high risk of 
progression as early as possible in the course of 
the disease. Proteomic and metabolomic studies of 
blood and urine are promising approaches.  
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Goal 5.3. Define efficacy and safety of new therapeutic strategies to prevent 
blindness 
 

 
 

   Roadblock 2. Lack of access to human tissue through large accessible biobanks 
   Roadblock 3. Lack of large-scale European research networks to generate large international studies 
   Roadblock 4. Lack of multidisciplinary collaboration 
 

 
 
Introduction and background 
Diabetic retinopathy progresses through definite 
stages of increasing severity and deteriorating 
visual function ultimately leading to blindness. It is 
imperative to emphasise that the various currently 
available therapeutic options employed at each 
stage are essentially the same - early and regular 
detection of high-risk groups, control of glycaemic 
status and other contributing systemic factors, laser 
therapy, intraocular injections, surgery, and 
rehabilitation by low vision aids - but the proportion 
in which they are employed varies. Also, these 
therapeutic options serve primarily to arrest rather 
than reverse the progression of diabetic retinopathy 
and, hence, visual deterioration. The overall aim of 
the present approach is to redefine and refine 
existing therapies, as well as discover novel 
therapies capable of reversing progression and 
restoring vision. It is important to note that with 
each progressive stage, the therapeutic options 
increase in number, cost, multiplicity of sessions 
and in particular, profile of side effects. Right now, 
some of these side effects are more vision-
threatening than the disease process itself.  
 
Milestone 5.3.01. Identify stages of retinal 
complications most sensitive to different 
approaches 
The accepted chronological sequence leading to 
blindness in diabetes is as follows:  
Stage 1. poorly controlled diabetes  
Stage 2. early diabetic retinal changes, such as 
small bleeding points, small leak-induced swellings 
and partial closure of a few vessels  
Stage 3. advanced diabetic retinal changes, such 
as larger bleeding points, greater leak-induced 
swellings and total closure of a few vessels  
Stage 4. complicated or end-stage diabetic retinal 
changes, such as massive bleeds, long-standing 
swelling-induced atrophy, total closure of almost all 
the vessels with or without retinal detachment.  

In terms of visual function, the stage allowing 
reversibility from deterioration exists somewhere 
between 1 and 2, while the stage allowing arrest of 
deterioration exists somewhere between 2 and 3. 
Between stages 3 and 4, some useful vision can 
still be salvaged, while at stage 4, most of patients 
are virtually blind. In order to improve clinical 
outcome, there is the need to refine the staging of 
retinal complications based on susceptibility to 
intervention. 
 
Milestone 5.3.02. Develop systemic therapies to 
halt progression  
Between stages 1 and 2, as control of glycaemic 
status and other contributing systemic factors 
comprises the modality deserving most attention, 
research would include, for example: development 
of drug devices that can maintain all-round 
systemic glycaemic control (pumps) and targeting 
signalling molecules involved in the ‘final common 
pathway’ of all major risk factors (protein kinase C 
inhibitors). 
 
As early detection of high-risk groups is the most 
important strategy, research would focus on: 
devising accurate, rapid and cost effective methods 
of detecting i. the very early reversible stages of 
diabetic retinopathy in early detection programmes 
(mobile vans with non-mydriatic fundus cameras); 
ii. leakage-induced macular oedemas (coherence 
tomography) otherwise not detectable on 2D fundus 
photography in early detection programmes; 
developing reproducible and objective methods of 
quantification of progression of small bleeding 
points (automated microaneurysm tracker) and 
degree of vessel closure (oximetry imaging); 
studying and researching models employed in 
certain geographical regions with high early 
detection success rates. 
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Milestone 5.3.03. Develop new drug delivery 
systems 
Laser therapy, intraocular injections and surgery 
comprise current methods deserving refinement. 
Research would include, for example: devising 
newer lasers causing less collateral damage and 
also surgical techniques and equipment less 
susceptible to human error; developing intraocular 
drug delivery systems that reduce the need for 
multiple injections (nanopore membranes). It will 
also be important to develop novel delivery systems 
based on viral vectors or other strategies for 
targeted expression of genes encoding potentially 
protective proteins.  

Milestone 5.3.04. Optimise combination of 
different therapeutic approaches  
A combination of existing and new therapeutic 
approaches will need to be validated at each stage 
of progression in order to prevent blindness. 
Research would include: conducting quality clinical 
trials using combinations of available therapies so 
as to maximise efficacy while minimising side 
effects; devising artificial means of providing vision 
in permanently damaged retinas (retinal 
prosthesis); attempting regeneration of nerve cells 
(stem cell transplants). 
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Goal 5.4. Develop strategies to prevent the need for dialysis and define appropriate 
timing for transplantation 
 

 
 

   Roadblock 1. Assumption that nephropathy in type 2 diabetes is the same as in type 1 diabetes 
   Roadblock 2. Lack of access to human tissue through large accessible biobanks 
   Roadblock 3. Lack of large-scale European research networks to generate large international studies 
   Roadblock 4. Lack of multidisciplinary collaboration 
   Roadblock 5. Lack of animal models to sufficiently mirror human disease  

 
 
Introduction and background 
Diabetic nephropathy is the leading cause of end-
stage renal disease in developed as well as in 
developing countries. Currently available 
therapeutic strategies, such as glucose and blood 
pressure control, are effective in preventing the 
development and in halting/slowing the progression 
in the early stages of diabetic kidney disease. Once 
the renal damage is advanced and overt diabetic 
nephropathy (characterised by the presence of 
proteinuria) is present, the decline in renal function 
towards end-stage renal disease can only be 
slowed; indeed, in most patients with advanced 
renal disease, the need for renal replacement 
therapy is inevitable. The ultimate goal is to define 
optimal strategies to reduce the burden of diabetic 
kidney disease.  
 
Early referral to specialist services, education and 
planning for renal replacement therapy improve 
outcomes in patients with chronic kidney disease. 
The particular clinical needs of diabetic patients, 
who have higher co-morbidity and risk, have not 
been explored in any comprehensive way. 
 

Milestone 5.4.01. Identify pathogenetic 
mechanisms involved in progression of 
advanced kidney disease 
The mechanisms of progression of advanced renal 
disease are likely to be different from those 
involved in the early development of the disease; 
indeed, injury affecting different renal structures 
(glomeruli, tubules, interstitium, arterioles) could be 
involved in the pathogenesis of the different stages 
of the disease. Thus, numerous studies have 
shown that subtle glomerular structural changes are 
involved in the early stages of the disease, when 
patients still have normal albumin excretion or have 
a slight increase (microalbuminuria). By contrast, 
the renal lesions driving the progression from overt 
nephropathy to end-stage renal disease are poorly 
understood; at late stages of the disease, probably 
the tubular, interstitial and vascular lesions play a 
prominent role. It can be hypothesised that 
disturbances in the metabolic milieu are important 
in the early stages of the disease, while 
perturbations in renal haemodynamics are involved 
in progression of advanced disease. Long-term 
studies of patients with different severity of renal 
disease, baseline renal biopsies, repeated renal 
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function studies and measurements of glucose 
control, blood pressure, lipids would help in 
understanding the factors involved in progression 
towards renal failure. 
 
Milestone 5.4.02. Develop animal models with 
advanced diabetic kidney disease 
Animal models of advanced diabetic renal disease 
are currently unavailable but need to be developed. 
Indeed, numerous animal models of diabetes 
develop proteinuria, but not renal insufficiency. 
Once better models are developed, it would be 
possible to understand the pathways involved in the 
different stages of renal disease and develop new 
therapeutic strategies to halt disease progression. 
 
Milestone 5.4.03. Develop, test and validate new 
treatments 
It is anticipated that improved understanding of the 
pathogenetic mechanisms involved in progression 
of advanced renal disease and the availability of 
adequate animal models would lead to the 
development and validation of novel targets and 
reno-protective strategies that can be translated 
into clinical treatments to reduce the burden of 
renal disease in individuals with diabetes. 
 
Milestone 5.4.04. Establish the impact of 
optimal blood glucose control in patients with 
overt nephropathy 
Glycaemic control substantially influences the risk 
of developing diabetic nephropathy. Abundant 
epidemiological data support the existence of a 
close relationship between HbA1c and the risk of 
developing microalbuminuria and proteinuria in both 
type 1 and type 2 diabetes. By contrast, only few 
reports have described the impact of glycaemia on 
the rate of loss of renal function in patients with 
overt diabetic nephropathy. The crucial role of 
metabolic control on the development of the early 
stages of the disease has been strengthened by 
intervention studies. There is also evidence that 
glycaemic control slows progression from 
microalbuminuria to proteinuria.  
 
In patients with advanced nephropathy, the only 
therapeutic strategy that has been tested is 
antihypertensive therapy, especially using drugs 
interfering with the renin-angiotensin-aldosterone 
system. Blood pressure control slows the 
progression to end-stage renal disease; however, 
the majority of patients with advanced nephropathy 
progress to renal failure. Thus, additional 
therapeutic strategies should be considered. The 
influence of glycaemic control in these patients is 
not known and needs to be tested in long-term 
randomised clinical trials. Particular attention 
should be paid to any differences in this regard 
between type 1 and type 2 diabetes. 

Milestone 5.4.05. Establish the role of other 
factors including lipids, smoking and lifestyle 
intervention in patients with overt nephropathy 
Other interventions such as lipid lowering, smoking 
cessation and lifestyle modifications have not been 
studied in patients with overt diabetic nephropathy. 
Understanding the clinical progression promoters 
as well as the mechanisms driving progression 
should lead to the development of new therapeutic 
agents targeted to the specific pathways. These 
agents, once developed, will need to be tested in 
animal models, and if effective and safe, in patients 
with diabetes. 
 
Milestone 5.4.06. Develop strategies to induce 
regression and reversal of advanced renal 
disease 
Regression of the advanced renal lesions of 
diabetic nephropathy has been demonstrated in 
patients with type 1 diabetes after 10 years of 
normoglycaemia, obtained by pancreas transplant 
alone. Thus, if regression is a possible 
phenomenon in people with diabetes, research to 
understand the mechanisms involved in this healing 
process could lead to the development of 
therapeutic agents able to stimulate these 
mechanisms and cure advanced diabetic kidney 
disease. 
 
Milestone 5.4.07. Understand the mechanisms 
involved in the repair process 
The understanding of the mechanisms involved in 
the repair/regression processes is crucial to 
develop new therapeutic agents. These include the 
use of pluripotent stem cells, mesenchymal to 
epithelial transformation and the enhancement of 
endogenous regenerative pathways. These 
mechanisms should be studied in animal models 
with advanced diabetic nephropathy; however, as 
discussed above, currently animal models with 
advanced diabetic renal disease are not available 
and will need to be developed. 
Milestone 5.4.08. Develop, test, and validate 
new treatments 
It is anticipated that improved understanding of the 
mechanisms involved in the repair/regression 
processes of advanced renal disease will lead to 
the development of new agents able to induce 
regression. These new agents will need to be 
tested in animal models. Subsequently, clinical 
trials should be designed to test efficacy in people 
with diabetic kidney disease. The ultimate goal is to 
develop a treatment able to cure patients with 
advanced diabetic renal disease (see also 
Milestone 3.2.16). 
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Milestone 5.4.09. Determine the appropriate 
timing for transplantation 
Patients with advanced renal disease experience 
accelerated atherosclerosis consequent to vascular 
calcification and dyslipidaemia, among other 
factors. Although it is currently known that patients 
with diabetes and advanced chronic kidney disease 
require renal replacement therapy when serum 
creatinine values are lower compared to patients 
with other renal diseases, the ideal timing for renal 
transplantation in a patient with diabetes is not 

known. The collaboration of European centres with 
large kidney transplant programmes and the 
analysis of the long-term outcome data (see also 
Goal 4.1, European Platform for Clinical Research 
in Diabetes - EPCRD) should allow the appropriate 
timing for transplantation to be established. It will 
then become clear which patients would benefit 
most from early transplantation (before dialysis) 
and from a pancreas in association with a kidney 
transplant. 
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Goal 5.5. Prevent diabetic autonomic neuropathy 
 

 
   Roadblock 2. Lack of access to human tissue through large accessible biobanks 
   Roadblock 3. Lack of large-scale European research networks to generate large international studies 
   Roadblock 4. Lack of multidisciplinary collaboration 
 

 

 
Introduction and background 
Diabetic autonomic neuropathy (DAN) is associated 
with markedly reduced quality of life and poor 
prognosis. The manifestations of DAN cause 
multiple symptoms and involve: 1. Cardiovascular 
system: resting tachycardia, reduced heart rate 
variability and circadian rhythm of heart rate and 
blood pressure, painless myocardial ischaemia and 
infarction, orthostatic hypotension, exercise 
intolerance, perioperative instability and sudden 
death; 2. Respiratory system: reduced ventilatory 
drive to hypercapnia, hypoxaemia and sleep 
apnoea; 3. Gastrointestinal tract: oesophageal 
motor dysfunction, diabetic gastropathy 
(gastroparesis), gallbladder atony, diabetic 
enteropathy (diarrhoea), colonic hypomotility 
(constipation) and anorectal dysfunction; 4. 
Genitourinary tract: diabetic cystopathy and erectile 
dysfunction; 5. other: sudomotor, vasomotor, 
pupillary, and neuroendocrine dysfunction. 

DAN may affect any organ innervated by the 
autonomic nervous system. The onset of clinical 
features is insidious, and severe clinical symptoms 
usually occur relatively late in the course of 
diabetes. Asymptomatic involvement of the 
autonomic nervous system can be widespread but 
remains undetected without careful examination. 
Alternatively, severe symptoms confined to a single 
organ may result in extensive diagnostic evaluation 
and intense therapeutic efforts. The late stages of 
DAN are associated with considerable morbidity 
and increased mortality. Hence, early detection 
aimed at prevention of advanced symptomatic 
stages of this complication is essential. Since the 
clinical symptoms of DAN may be ambiguous and 
asymptomatic stages elude clinical examination, 
reliable, specific, and sensitive diagnostic methods 
are postulated. 
 

Milestone 5.5.01. Identify predictors and natural 
history of diabetic autonomic neuropathy 
Identification of modifiable predictors of DAN could 
allow for specific interventions aimed at risk 
reduction and thereby prevent the development or 
halt or even reverse the progression of DAN. 
Knowing more about the natural history of DAN 
would help to prevent the transition from 
asymptomatic to symptomatic stages of DAN for 
which there is currently no satisfactory treatment. 
Research addressing organ-specific issues, such 
as the role of cardiac autonomic neuropathy in 
enhancing silent ischaemia or heart failure, could 
ultimately improve the outcome in diabetic patients 
with cardiovascular disease (see also Milestone 
1.5.09). 
 
Milestone 5.5.02. Validate and standardise 
existing diagnostic approaches 
Many different diagnostic methods are available for 
assessment of DAN, but these are not adequately 
standardised. International research networks are 
required to select, standardise, and validate the 
most appropriate methods to correctly diagnose the 
various manifestations of DAN (see also Goal 4.1).  
 
Milestone 5.5.03. Develop, test and validate 
novel diagnostic tools 
New, more sensitive and accurate diagnostic tools 
than those currently available would help to detect 
DAN at early asymptomatic stages potentially 
susceptible to reversal. Provided that new 
prevention and intervention strategies are being 
developed, these techniques would also be used to 
monitor the efficacy of these treatments. 



 
 

 

 Sept 2010          16 

Milestone 5.5.04. Elucidate the pathogenetic 
mechanisms of diabetic autonomic neuropathy 
Compared to polyneuropathy, the pathogenesis of 
DAN is less well studied. Specific mechanisms may 
be relevant for each of the various organ 
manifestations. Identification of these specific 
mechanisms could result in the development of new 
disease-modifying treatments to prevent, retard or 
even improve DAN. 
 
Milestone 5.5.05. Clarify the role of diabetes 
therapy and risk factor intervention 
It is not clear whether intensive diabetes therapy 
and cardiovascular risk factor intervention may 
reduce the risk and/or progression of DAN in type 2 
diabetic patients, one reason being the failure of 
including outcome variables of DAN in large-scale 
randomised controlled trials in this area. Adequately 
designed randomised controlled trials using these 

outcomes should provide an evidence-based 
approach to assess the role of these interventions. 
 
Milestone 5.5.06. Develop, test, validate and 
establish new treatments 
There are no pathogenetic treatments available for 
DAN. Better understanding of the various 
mechanisms leading to DAN should result in the 
development, testing and validation of pathogenetic 
treatments. There is also an unmet need to 
introduce new treatments for symptomatic DAN 
(e.g. orthostatic hypotension, gastroparesis, 
diarrhoea), as the efficacy of existing treatments is 
clearly limited. Notable success has recently been 
achieved only in the field of erectile dysfunction by 
introducing phosphodiesterase 5 inhibitors, but 
even with these drugs only some 50 percent of 
patients are responders. 
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Goal 5.6. Reduce end-stage neuropathic foot ulcers and Charcot neuroarthropathy 
 

 
 

   Roadblock 2.  Lack of access to human tissue through large accessible biobanks 
   Roadblock 3. Lack of large-scale European research networks to generate large international studies 
   Roadblock 4. Lack of multidisciplinary collaboration 
 

 

 

Introduction and background 
The aim of this road map is to focus on research for 
the primary, secondary and tertiary prevention of 
diabetic foot ulcers/amputations. Foot ulcers are 
very common in patients with diabetes, and it is 
estimated that patients with diabetes have a 25 
percent chance of developing a foot ulcer at some 
time during their remaining lifetime. The overall 
prevalence of active foot ulcers in the diabetic 
population is 1-2 percent, and the main contributory 
factors are neuropathy (loss of pain and pressure 
sensation), deformity (often as a consequence of 
motor neuropathy) and trauma (commonest cause 
in western countries is inappropriate footwear). Up 
to 50 percent of older patients with type 2 diabetes 
have risk factors for foot ulcers, and despite the 
huge economic burden of diabetic foot disease, no 
interventions to date (including educational 
programmes) have been shown to reduce the risk 
of developing first or recurrent ulcers. Neuropathic 
foot ulcers should be entirely preventable: once a 
patient has had a neuropathic foot ulcer, there is up 
to a 50 percent annual recurrence rate. Recurrent 
ulcers increase the chance of ultimately undergoing 
lower limb amputation, and up to 90 percent of 
amputations are preceded by foot ulcers. Thus, a 
reduction in the incidence of foot ulcers would be 
followed by a reduction in lower extremity 
amputation.  
 
Diabetes is now the commonest cause of Charcot 
neuroarthropathy (CN) in the western world. CN 
can be described as a progressive condition 
affecting the bones and joints of the foot and is 
characterised by joint dislocation and pathological 
factors of the foot in patients with diabetic 
neuropathy. This may result in a debilitating 
deformity and eventually lead to amputation. CN 
tends to occur at a younger age than foot 
ulceration, and if one foot is affected, there is a 30-

50 percent chance that CN may subsequently 
develop in the other limb. As CN is relatively rare 
(annual incidence 0.1-0.5 percent), there have been 
few studies that accurately describe the 
pathogenesis and management of this condition.  
 
Milestone 5.6.01. Identify predictive risk factors 
for first and recurrent foot ulcers 
A key Milestone in this area would be to reduce the 
incidence of first foot ulcers by targeting appropriate 
interventions in the high-risk population. The 
second target would be to prevent recurrent ulcers 
in those who have already had one or more ulcers, 
and there is some evidence that interventions, such 
as self-monitoring of skin temperature, might 
reduce the incidence of recurrent foot ulcers in this 
population. The role of patients’ understanding of 
risk factors and their need to practice self-foot care 
also need to be considered. It has been shown, for 
example, that those who believe that foot ulcers 
would be preceded by pain are less likely to follow 
preventative foot care advice given in educational 
sessions (see also Milestone 1.5.09). 
 
Milestone 5.6.02. Develop new diagnostic tools, 
treatments and integrated approaches 
Further studies are required to elucidate the 
pathological and molecular mechanisms involved in 
impaired wound healing of chronic foot wounds in 
diabetes. There is an urgent need for the 
development of behavioural interventions in both 
primary and secondary prevention of diabetic foot 
lesions. Similarly, trials of similar interventions are 
required to prevent patients with active foot ulcers 
from failing to adhere to prescribed therapies that 
often involve patient participation. This would 
ultimately lead to a reduction in amputations.  
 
Putative new treatments for healing diabetic foot 
ulcers also need to be tested in randomised 
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controlled trials. These might include bio-artificial 
membranes, gene therapy [such as vascular 
endothelial growth factor (VEGF) and fibroblast 
growth factor] and local delivery of antibiotics 
directly to the wound site using antibiotic 
impregnated beads. 
 
Inappropriate footwear has been identified as a key 
component cause in the pathway to foot ulceration; 
however, footwear design remains more art than 
science. Collaboration with biomechanists is 
indicated to develop computer-aided design and 
manufacture for appropriate diabetic footwear. 
 
In general, synergy between different specialists 
looking after patients with diabetic foot problems 
needs to be reinforced in order to establish diabetic 
foot teams. Integrated approaches by all those 
looking after patients with diabetic foot problems 
need to be implemented in order to maximise the 
potential for recruiting patients into trials.  
 
Milestone 5.6.03. Establish the role of education 
and self foot care in the prevention of first and 
recurrent foot ulcers 
Patients have strong lay beliefs that most problems 
in diabetes are due to vascular disease but fail to 
understand the nature and consequences of 
diabetic neuropathy. Similarly, adherence to 
behavioural change is difficult for patients who have 
lost their pain sensation, which if present, prevents 
further trauma occurring to wounds. Assessment 
and correction of patients’ misperceptions about 
neuropathy and its consequences should enable 
studies to confirm that education does indeed 
reduce the incidence of first and recurrent foot 
ulceration.  
 
Milestone 5.6.04. Create a Charcot registry 
across the European Union 
This research track focusses on primary, secondary 
and tertiary prevention of Charcot neuroarthropathy 
(CN). CN is a rare but important late complication of 
distal symmetrical polyneuropathy and distal 
sympathetic autonomic neuropathy. True incidence 
is not known as there are no internationally agreed 
diagnostic criteria for acute CN. However, up to 16 
percent of patients with a history of foot ulceration 
have evidence of Charcot fractures on foot 
radiographs. Research is needed to identify risk 
factors for the development of CN amongst the 

population of patients with DPN; to date, it is 
believed that the combination of neuropathy and 
painless but repetitive minor trauma to the foot 
results in the development of CN (see also Goal 
4.1). 
 
Milestone 5.6.05. Define the pathogenetic 
mechanisms of Charcot neuroarthropathy 
There is a need to identify biomarkers and potential 
genetic markers together with other risk factors that 
may predispose to the development of CN in the at-
risk population. If it were simply a combination of 
neuropathy and insensitive injury, CN would be 
much more common and more likely to be bilateral: 
it is currently not known why only a minority of 
neuropathic patients develop this condition that 
occurs acutely and typically unilaterally. The role of 
acute inflammation in the genesis of CN also 
requires further study that might lead to the 
development of potential therapies to arrest the 
acute process. Left untreated, the acute Charcot 
foot leads to severe deformity and increased risk of 
ulceration and ultimately amputation. Current 
interest in the receptor activator for nuclear factor-

B ligand (RANK-L) and osteoprotegerin signalling 
pathways, the activity of which may be important in 
the pathogenesis of CN, provides the potential for 
development of new interventions in acute CN (see 
also Milestone 1.5.08). 
 
Milestone 5.6.06. Develop appropriate 
interventions for Charcot neuroarthropathy 
Recent work suggesting the importance of acute 
inflammation and the potential role of specific 
cytokines provides the basis for developing new 
pharmacological therapies for the management of 
acute CN. The surgical approach to the 
management of chronic deformities in CN is also 
unclear as there have been no trials of any surgical 
technique for the correction of deformity. The aims 
of this road map are therefore to promote research 
on: primary prevention by identifying those at risk 
and intervening before the acute CN develops; 
secondary prevention to develop, test and validate 
new treatments for the management of acute CN; 
and tertiary prevention to correct deformities in 
chronic CN and prevent the progression to 
amputation as it should be preventable in almost all 
cases. 
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Goal 5.7. Understand the impact of microvascular disease on cardiovascular 
endpoints 
 

 
 

   Roadblock 2. Lack of access to human tissue through large accessible biobanks 
   Roadblock 3. Lack of large-scale European research networks to generate large international studies 
   Roadblock 4. Lack of multidisciplinary collaboration 
 

 

 
Introduction and background 
It is widely accepted that high concentrations of 
glucose impact on the microcirculation (the 
capillaries situated downstream to large vessels 
constituting the circulation) in a causal relationship, 
since observational studies, experimental medicine, 
and clinical trials are all consistent with this 
viewpoint. However, the relationship between 
hyperglycaemia and risk for cardiovascular disease 
is different from that regarding risk for 
microvascular disease for several reasons. 1. The 
risk for cardiovascular disease starts from a fasting 
blood glucose ranging from 5 to 6.1 mmol/L, a 
threshold different from that for microvascular 
disease, which starts from a fasting blood glucose 
of greater than 7.0 mmol/L. 2. While a causal 
relationship between high blood glucose and 
microvascular disease is well evidenced by clinical 
trials, this is still questionable for cardiovascular 
disease. One possibility is that benefit can emerge 
after a follow-up of long duration, as suggested by 
the DCCT and UKPDS studies and that it may in 
turn be due to the interaction between 
microvascular status and cardiovascular disease. In 
this respect, it is of interest to examine whether the 
status of microvascular disease affects the 
response to insult on large vessels (prognosis 
following myocardial infarction, stroke, or peripheral 
vascular disease) and the response to preventive 
measures. 

Mechanisms of inflammation/sclerosis are involved 
in the constitution of both cardiovascular and 
microvascular diseases. Methods such as 
epigenetic studies, developed by studying 
circulating blood must be used to understand 
glucose memory in relation to both microvascular 
and cardiovascular diseases. Thus, cardiovascular 
and microvascular diseases are entangled from 

epidemiological, mechanistic, and therapeutic 
viewpoints (see also Milestone 1.5.09 and Chapter 6). 
 
Milestone 5.7.01. Understand the predictive 
value of eye and nerve diseases for 
cardiovascular disease 
Regarding large vessels, the epidemiological 
association of hyperglycaemia with cardiovascular 
risk is well established, even for blood glucose 
values below those defining diabetes. However, a 
causal relationship has not yet been established. In 
particular, clinical trials with manipulation of 
glycaemic control have not provided convincing 
evidence in this respect (see also Goal 6.1).  
 
On the other hand, epidemiological studies have 
shown that prognosis for stroke (and myocardial 
infarction) is worse if retinopathy is present. One 
possibility is that the microcirculation in brain, 
myocardium, and lower limbs is impacted by 
hyperglycaemia in proportion to retinal disease. 
Conversely, it may be that the microcirculation is 
ameliorated proportionally in all organs under the 
influence of new treatments (e.g. angiotensin 
converting enzyme (ACE) inhibitors or statins). 
Epidemiological studies are therefore key to 
developing experimental studies and clinical trials. 
 
Neurotoxicity is caused by glucose through two 
mechanisms: first, the abnormal metabolism of 
glucose within the cells of the nervous system, just 
as for all cells for which insulin is not required for 
glucose to penetrate; second, nerves are fuelled 
through the vasa nervorum, which are sensitive to 
microcirculatory disorders in the same way as those 
of the retina. Nerve disease can affect 
cardiovascular disease through two mechanisms: 
first, pain perception altered due to ischaemia, 
thereby reducing the common signal of ischaemic 
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disease (heart, peripheral vascular disease); 
second, the sympathetic and parasympathetic 
systems not functioning correctly. If the sympathetic 
system is altered, the permanent tone of circulation 
is reduced, which reduces functional reserve in 
case of insult (e.g. acute myocardial infarct). If the 
parasympathetic system is altered, heart rate is 
accelerated, which worsens reaction to insult and 
reduces life expectancy. Thus, the interaction 
between nerve status and cardiovascular prognosis 
must be studied through epidemiology, 
experimental studies and clinical trials, especially 
for secondary prevention (see also Chapter 1 and 
Chapter 6). 
 
Milestone 5.7.02. Understand the mechanisms 
linking early kidney disease and cardiovascular 
disease 
Early kidney involvement, as indicated by 
microalbuminuria or clinical proteinuria, is an 
excellent indicator of increased risk for 
cardiovascular disease, with risk proportional to the 
amount of urinary albumin. However, the 
mechanism by which it has this effect is not clear: is 
albumin transudation throughout the vascular tree 
able to affect large vessel wall structure and 
function? Would it affect blood hypercoagulability 
and/or plaque formation? On the other hand, 
subjects in clinical trials who reduce their urinary 
albumin also ameliorate their cardiovascular 
prognosis. Does manipulation of albumin 
transudation (as indicated by urinary albumin) affect 
remodelling of large vessels and myocardium? Both 
experimental studies and clinical investigation are 
required to provide the necessary data. 
 
In addition to the prognostic value of urinary 
albumin, the value of glomerular filtration rate itself 
is an independent indicator of cardiovascular 
disease. Studies are required to examine whether 
preserving and/or restoring glomerular filtration rate 
would affect the remodelling of large vessels, heart, 
and brain. As outlined above, we cannot exclude 
that nephrons repair and regenerate after a long 
treatment period with renin blockers and strict 
glycaemic control. The processes involved must 
also be studied regarding their impact on large 
vessels. 

 
Milestone 5.7.03. Develop a risk engine for 
cardiovascular disease that includes 
microvascular complications 
The nature of the impact of microvascular disease 
on cardiovascular risk is still unknown: are these 
simply indicators or full actors of cardiovascular 
risk? It is therefore important to understand what 
relates the disorders in the microcirculation to the 
risk for large vessel and cardiovascular disease. In 
the context of secondary interventions (such as 

reducing blood glucose in subjects with already 
established microvascular disorders), the impact of 
previous microvascular disease on cardiovascular 
risk must be studied further. The currently available 
risk engines for cardiovascular diseases do not take 
microvascular status into account. New risk engines 
must be developed to predict vascular disease in 
people with diabetes. 
 
Milestone 5.7.04. Define and understand 
concordance/discordance for microvascular 
complications 
It is established from epidemiological studies that 
most more than 80 percent of people with type 1 
diabetes are at risk for retinopathy (as a function of 
diabetes duration and diabetes control). Only 30-40 
percent of them are at risk of nephropathy under 
the same conditions. These findings have led to the 
idea that some non-glycaemic dependent factors 
protect against nephropathy. Genetic studies have 
been conducted looking at this issue. Now, new 
tools in genetics research, and other techniques, 
such as proteomics or metabolomics, are available 
to study this important issue, using a probabilistic, 
rather than a deterministic approach. 
 
As outlined above, renal complications are tightly 
linked to cardiovascular disease. Components that 
favour the development of renal disease and of 
cardiovascular disease are often the same. 
Identifying components that are selectively linked to 
risk for kidney disease may help to identify those 
who are at greater risk of developing cardiovascular 
disease. 
 
Milestone 5.7.05. Define the predictive value of 
eye disease for nephropathy and neuropathy 
Examining retinal vessels is an easy means to 
examine the microvascular status throughout the 
whole body. Further, diabetic microvascular 
disease in the retina is primarily conditioned by 
diabetes duration and diabetes control. It follows 
that examining retinal status is a well-established 
method to attribute associated renal and/or 
neuronal disease to diabetes. Several biochemical 
and biophysical abnormalities produced by high 
glucose concentrations are common roots for 
diseases in all organs. However, other 
abnormalities are more specific for one tissue than 
for others. Also, toxic substances other than 
glucose, such as tobacco and alcohol, can 
independently affect each one. In people with type 
2 diabetes, risk factors are multiple. Algorithms 
should be developed to examine whether isolated 
or combined impairments in the retina, nerves, and 
kidney individually increase risk for cardiovascular 
diseases or interact positively or negatively. Follow-
up studies, experimental studies and clinical 
investigation are encouraged in this respect.  



 
 

 

Sept 2010  21 

Roadblocks Chapter 5 
 
Roadblock 1. Assumption that nephropathy in type 2 
diabetes is the same as in type 1 diabetes 
This assumption has prevented further investigations on 
the aetiology, pathophysiology, diagnosis and treatment 
of renal disease in patients with type 2 diabetes. Given 
that the mechanisms underlying renal dysfunction are 
likely to be different in type 1 and type 2 diabetes, this 
assumption has led to the use of inadequate early 
markers and delays in diagnosis. Also, prognosis and 
response to treatment are likely to be different between 
the two patient groups. The need to understand better 
the differences in nephropathy in type 1 vs type 2 
diabetes is addressed in part in the research section (see 
also Milestones 5.1.05, 5.1.06 and 5.4.04). 
 
Roadblock 2. Lack of access to human tissue 
through large accessible biobanks 
Biobanks containing tissue samples from a large number 
of well-documented patients with representative inclusion 
criteria could significantly hasten research and help to 
confirm that markers are associated with tissue damage. 
This could be achieved through the European Platform 
for Clinical Research in Diabetes (EPCRD) proposed in 
Chapter 4. Alternative systems are of only limited value. 
Cell culture is limited in exposure time and may thus only 
represent early, transient transcriptional changes. The 
use of cell lines often ignores specific cell propensities, 
and macrovascular endothelial cells are not 
representative of microvascular alterations.  
 

 
 
Roadblock 3. Lack of large-scale European research 
networks to generate large international studies 
No single centre can expect to conduct appropriate 
intervention trials for new therapies or assess whether 
abnormal tests in asymptomatic patients are predictive of 
the symptomatic manifestations. The rarity of some 
manifestations of microvascular complications means 
that sufficient numbers of people with the condition can 
only be accessed through a European-wide platform 
such as the EPCRD that would also facilitate the long-
term studies essential to much of the research strategy 
outlined in this road map.  

 
Roadblock 4. Lack of multidisciplinary collaboration 
Current research approaches are often subjective for the 
rarer conditions and dependent on views and experience 
of individuals. Large-scale collaboration is needed, 
through networks, to overcome this problem, allowing for 
consensus on classification and coordinated study of 
these less common conditions.  
 
Roadblock 5. Lack of animal models to sufficiently 
mirror human disease 
Since animal models do not develop advanced diabetic 
complications it is difficult to understand the mechanisms 
of progression of complications and to test new 
treatments. The need for such animal models would be 
somewhat mitigated if there was greater access to 
adequate amounts of human material (see Roadblock 2). 
For some microvascular complications, animal models 
are not representative and care needs to be exercised 
when trying to translate results from conditions in 
experimental models to conditions in man. The need to 
develop robust animal models is addressed in part in the 
research section (see Milestone 5.4.02). 

 


