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Abstract
Despite the availability of current therapies that target hyperglycemia, hypertension, dyslipidemia and blockade of 

the renin-angiotensin-aldosterone (RAA) system, many people with diabetic chronic kidney disease (CKD) still progress 
to end stage renal disease (ESRD). Hence, new therapies to slow the progression of this important diabetic complication 
are urgently needed. Disappointingly many promising interventions for diabetic CKD have not coming to fruition when 
tested in large clinical trials. A recent clinical trial has shown that estimated GFR increases with bardoxolone. However, 
this finding awaits confirmation that it reflects changes in true GFR and translation into a reduction in clinical events. 
Here we discuss studies that have evaluated the effects of novel approaches to inhibiting the pathways involved in the 
pathogenesis of diabetic CKD. 
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Introduction
It has been recognised for some time that the incidence of type 

2 diabetes is increasing worldwide as a result of the combination of 
obesity, urbanisation and an ageing population. The public health 
impact of this phenomenon is enormous and will mainly be driven 
by the concurrent increase in the prevalence of diabetes related 
complications. This situation is exemplified by the rapid increase in 
chronic kidney disease (CKD) and end-stage renal disease (ESRD) in 
people with diabetes. Indeed, diabetes is now the leading cause of ESRD 
in the world [1].

CKD in people with diabetes has traditionally been referred to as 
“diabetic nephropathy”. Diabetic nephropathy is usually defined as 
persistent clinically detectable proteinuria (macroalbuminuria) that is 
associated with an elevation in blood pressure and a decline in GFR, 
and has been reported to occur in 25 to 40% of people with either type 
1 or type 2 diabetes [2]. Historically, the earliest clinical manifestation 
of diabetic CKD has been the detection of persistent microalbuminuria 
[3]. The finding of microalbuminuria represents a categorical increase 
in urinary albumin excretion rate (AER) and has traditionally been 
equated with incipient nephropathy. Early studies suggested that 
GFR only starts to decrease when AER reaches the macroalbuminuric 
range [4]. This conventional paradigm of kidney disease in people 
with diabetes has been challenged recently. Most people with diabetes 
that are destined to develop CKD follow a traditional “albuminuric 
pathway”. However, it is becoming increasingly recognised that some 
people with diabetes develop CKD that is not associated with an 
increase in AER [5]. Furthermore, not all patients with diabetes who 
develop CKD display the classic glomerular morphological features of 
diabetic nephropathy [6].

Until recently, diabetic CKD was classified according to albuminuria 
categories (Table 1). A more contemporary approach involves the 
integration of albuminuria categories with stages of GFR (Table 2) as 
promoted by the recent Kidney Disease: Improving Global Outcomes 

(KDIGO) report [7]. People with diabetes and CKD are not only at risk 
of a progressive decline in renal function but also have an increased 
risk for developing cardiovascular (CV) disease [8]. Integrating 
albuminuria and GFR therefore helps to improve the stratification of 
patients in terms of their risk for progressive renal dysfunction and 
for the development of CV disease. It also recognises the continuous 
relationship between albuminuria and adverse renal and CV disease 
outcomes and the heightened CV disease risk that that occurs when 
estimated GFR is less than 45 ml/min/1.73m2.

AER ACR
(mg per mmol or mg per g)

µg/min mg/day Females Males
Normoalbuminuria <20 <30 <3.5/< 35 <2.5/< 25
Microalbuminuria 20-200 30-300 3.5-35/35-350 2.5-25/25-250
Macroalbuminuria >200 >300 >35/>350 >25/>250
Table 1: Classification of albuminuria for people with diabetes (AER:  Albumin 
Excretion Rate:  ACR:  Albumin to Creatinine ratio).

Table 2: The proposed classification of chronic kidney disease (CKD) 
incorporating albuminuria category (Albumin to Creatinine ratio) and estimated 
glomerular filtration rate GFR (eGFR) stage as proposed in the Kidney Disease: 
Improving Global Outcomes (KDIGO) Controversies Conference Report 2012 [7].

CKD �������as proposed 
by KDIGO Controversies 
Conference Report 2012

Albuminuria stages, description and 
range (mg/g or mg/mmol)

A1 A2 A3

GFR Stages description and 
range (ml/min per 1.73m2)

Optimal and 
high normal high Very high and 

nephrotic
<10 
<1

10-29
1-2.9

30-299
3-30

300-1999
30-199

>2000
>200

G1 High and 
Optimal

>105
90-104

G2 Mild
75-89
60-74

G3a Mild-Moderate 45-59
G3b Moderate 30-44
G4 Severe 15-29
G5 Kidney Failure <15
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The pathophysiology of diabetic CKD involves the activation of 
metabolic, inflammatory and haemodynamic pathways [9]. Metabolic 
pathways are mainly driven by chronic hyperglycaemia that results 
in increased protein kinase C (PKC) activity, abnormalities in polyol 
metabolism, increased secretion of profibrotic cytokines such as 
transforming growth factor-β (TGF-β) and connective tissue growth 
factor (CTGF), non enzymatic glycosylation leading to the glycation 
of glomerular and tubular proteins and the production of advanced 
glycation end products (AGEs). The resultant generation of reactive 
oxygen species (ROS) and an inflammatory process plays a pivotal role 
in the development of diabetic CKD.

The hemodynamic pathways promoting the development of 
diabetic CKD result in systemic and intra-glomerular hypertension. 
They are driven by the activation of vasoactive systems such as the renin-
angiotensin-aldosterone (RAA) and endothelin systems. It should be 
appreciated that the above metabolic, inflammatory and haemodynamic 
pathways can influence the other. For example, activation of the RAA 
system promotes endothelial dysfunction, inflammation and the 
expression of TGF-β and CTGF. The final common manifestation of 
the above pathways is usually the accumulation of excess connective 
tissue that leads to fibrosis or scarring of the kidney.

Given the exaggerated risk for a progressive decline in GFR and 
the development of CV disease in people with CKD and diabetes, 
the early identification of these people and the subsequent initiation 
of renal and CV protective treatments are of the utmost importance. 
In general, the finding of elevated levels of urinary albumin or a GFR 
< 60 ml/min/1.73m2 should provoke an intensified modification of 
the common risk factors for kidney and cardiovascular disease, i.e. 
hyperglycemia, hypertension, dyslipidemia and smoking, and the 
initiation of interventions aimed at RAA system blockade.

Despite the availability of current therapies that target 
hyperglycemia, hypertension, dyslipidemia and blockade of the RAA 
system, many people with diabetic CKD still progress to ESRD. Indeed, 
a long term study from the Joslin Clinic has shown that the incidence of 
ESRD for patients with type 1 diabetes and macroalbuminuria has not 
changed over three decades, despite the increased use of angiotensin 
converting enzyme (ACE) inhibitors and improved lipid and blood 
pressure parameters [10]. In contrast, type 2 diabetes-related ESRD 
incidence rates have been reported to decline [1]. Despite this, the 
absolute number of new cases continues to increase. Hence, new 
therapies to slow down the progression of this important diabetic 
complication are urgently needed. Here we discuss studies that have 
evaluated the effects of novel approaches to inhibiting the pathways 
involved in the pathogenesis of diabetic CKD. 

Novel Approaches to Blocking the Renin-Angiotensin-
Aldosterone System 

The potential sites for inhibiting the RAA system are shown in 
Figure 1. Inhibiting the RAA system by using ACE inhibitors and 
angiotensin receptor blockers (ARBs) is a proven strategy to slow 
the rate of CKD progression in diabetes [11]. However, it has been 
recognised for some time that the use of agents to block the RAA 
system is only partially effective as they interfere with negative feedback 
mechanisms resulting in a reactive increase in renin activity. As tissues 
contain ACE-independent pathways for converting angiotensin I to 
angiotensin II, an “escape” phenomenon can occur [12].

Dual blockade of the RAA system with an ACE inhibitor and ARB 
in subjects with diabetes has been demonstrated to be more effective in 
reducing blood pressure and decreasing albuminuria than either agent 

as monotherapy [13]. Despite this, the ONgoing Telmisartan Alone and 
in combination with Ramipril Global Endpoint Trial (ONTARGET) 
involving high risk vascular patients, the majority not having diabetes 
or renal dysfunction, showed that combination therapy was not 
superior to ACE inhibition alone in regard to CV and renal outcomes. 
Indeed, combination therapy was associated with an increased risk of 
adverse renal outcomes which was mainly accounted for by the need 
for acute dialysis [14]. The combination of an ACE inhibitor and 
ARB is therefore generally not advised. However, the effectiveness of 
combining an ACE inhibitor and an ARB still remains to be rigorously 
tested in the setting of established DN and this approach is currently 
being evaluated in a clinical trial (VA NEPHRON-D) [15]. 

One novel potentially renoprotective approach involving RAA 
system blockade is to directly inhibit the action of renin and hence 
the conversion of angiotensinogen to angiotensin I. In the Aliskiren 
in the Evaluation of Proteinuria in Diabetes (AVOID) clinical trial, 
the oral direct-renin inhibitor, aliskiren, reduced albuminuria in 
overtly proteinuric subjects with type 2 diabetes who were already 
receiving maximal recommended doses of an ARB [16]. There was a 
small reduction in BP with aliskiren (2/1 mm Hg), but the authors of 
the study concluded that the beneficial effects on albuminuria were 
independent of BP changes. Furthermore, adverse events, including 
hyperkalaemia were similar in subjects taking an ACE inhibitor who 
were then randomised to aliskiren or placebo therapy. However, it 
should be noted that subjects in the AVOID study, although having 
overt proteinuria still had relatively well preserved renal function with 
a mean estimated GFR (eGFR) of 67 ml/min/1.73m2 at baseline.

Unexpectedly, this potentially promising intervention has not 
been shown to improve clinical outcomes, resulting in the premature 
termination of the Aliskiren Trial in Type 2 Diabetes Using Cardio-
Renal Endpoints (ALTITUDE) study. This trial aimed to test the 
effectiveness of aliskiren in preventing renal and cardiac events in 
participants with type 2 diabetes and CKD already receiving ACE 
inhibition or ARB therapy who were then subsequently randomised to 
aliskiren or placebo [17]. Of interest, the eGFR of subjects enrolled in 
the ALTITUDE study ranged between ≥30 to <60 ml/min/1.73m2. The 
Data Monitoring Committee of the trial recommended its termination 
because of an increased risk for non-fatal stroke, renal complications, 
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Figure 1: Potential sites for blocking the renin-angiotensin-aldosterone (RAA) 
system (AT1- angtiotensin type 1 receptor).
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hyperkalaemia and hypotension in participants taking aliskiren for 18-
24 months [18].

The use of aldosterone receptor antagonists has been investigated 
as a means of overcoming the escape phenomenon discussed above. 
Aldosterone receptor antagonism with spironolactone reduces 
albuminuria with or without concurrent blood pressure reduction 
in subjects with diabetes and nephropathy [19,20]. Current evidence 
suggests no advantage of triple blockade (spironoloctone, ACEi and 
ARB) over dual blockade on proteinuria. In any event, hormonal and 
metabolic side-effects especially kyperkalaemia, limit the applicability 
of the approach of adding an aldosterone receptor blocker to an ACEi 
or ARB to some extent. Furthermore, given the results of the ON 
TARGET and ALTITUDE studies it is very doubtful that the risk 
versus benefit of combining aldosterone receptor blockade with an 
ACE inhibitor or an ARB in subjects with diabetic nephropathy will 
ever be assessed in a large trial examining clinical outcomes.

Other Vasoactive Substances
Endothelin-1 has been implicated as an important mediator of 

progressive renal injury. In diabetic rats with diabetic nephropathy, 
the endothelial type A receptor antagonist, avosentan, when combined 
with ACE inhibition, significantly reduced proteinuria and reversed 
the glomerular and tubulointerstitial changes normally seen in this 
model [21]. Furthermore, in a randomized, placebo-controlled clinical 
trial involving 286 subjects with type 1 or 2 diabetes receiving standard 
ACE inhibition or ARB therapy, avosentan reduced the albumin 
to creatinine ratio (ACR) compared with placebo [22]. Creatinine 
clearance and BP were unchanged after 12 weeks of treatment. 
The main adverse event was peripheral oedema, occurring in 12%. 
Hepatotoxicity has been implicated a potential side effect of avosentan, 
but significant increases in liver enzymes did not occur in this trial. 
Once again no studies assessing clinical outcomes of avosentan therapy 
in combination with ACE inhibition or an ARB have been performed. 
In summary, endothelin type A antagonists reduce albuminuria but 
currently appear to have a significant side-effect profile that may limit 
their use in clinical practice [23].

Targeting Glycation
The role of abnormal indices of advanced glycation in the 

pathogenesis of experimental diabetic CKD has been highlighted 
recently. It has been proposed that activation of the receptor for 
advanced glycation endproducts (RAGE) via a decrease in angiotensin 
II type 2 receptors plays a key role in promoting the development and 
progression of diabetic CKD [24]. Targeting glycation has also been 
proposed as a novel approach to preventing the progression of diabetic 
CKD.

Aminoguanidine, an inhibitor of the formation of advanced 
glycation end-products (AGEs), has been shown to reduce albuminuria 
and morphological renal changes in experimental diabetes [25]. 
However, two large clinical studies of aminoguanidine in patients with 
type 1 (ACTION 1) and type 2 (ACTION 2) diabetes were terminated 
due to safety concerns and apparent lack of efficacy [26,27].

Pyridoxamine is another inhibitor of AGE formation. It has been 
shown to reduce the toxic effects of reactive oxygen species and to 
scavenge reactive carbonyl compounds. There is some clinical trial 
evidence to suggest that pyridoxamine lowers serum creatinine, as 
well as decreasing urinary TGF-β and AGEs but these effects have 
yet to be translated into any consistent effect on renal outcomes 
[28]. Indeed, a recent double-blind, randomised, placebo-controlled 
trial in macroalbuminuric subjects with type 2 diabetes showed that 

pyridoxamine treatment failed to decrease urinary protein excretion 
or progression of serum creatinine over 1 year [29]. In the subgroup 
of participants with the lowest tertile of serum creatinine at baseline < 
164 µmol/L (1.85 mg/dl), treatment with pyridoxamine was associated 
with a lower average increase in serum creatinine at 52 weeks but this 
was not translated into a significant attenuation in the decline in eGFR 
over this time period. Whether pyridoxamine helps to preserve renal 
function in a subgroup of patients with diabetic CKD needs to be 
rigorously tested in a clinical study extending over a number of years.

Treatment with ALT-711 (Alagebrium), a breaker of AGE cross-
links, results in a reduction in albuminuria, blood pressure and an 
amelioration of structural damage to the kidney in experimental 
diabetes [30]. The usefulness of this compound in inhibiting the 
progression of DN in the clinical setting still remains unclear, in part 
because of the premature cancellation of a study of alagebrium in 
subjects with type 1 diabetes and microalbuminuria due to financial 
constraints [31].

Vitamins
Recently, paricalcitol, a vitamin D receptor activator, has been 

shown to reduce albuminuria in subjects with type 2 diabetes and DN 
without an increased incidence of hypercalcaemia or other serious 
adverse events [32]. Whether vitamin D receptor activation results in 
preservation of GFR has yet to be tested in clinical trials. The potential 
benefits of vitamin D are most likely the result of an interaction with 
multiple pathways that promote the development and progression of 
renal dysfunction, including the RAA system [33]. In contrast, other 
vitamins, such as vitamin B complexes, have been shown to have no 
effect on proteinuria in subjects with DN and to cause an unexpected 
decline in GFR as measured by a radionucleotide technique [34].

High dose thiamine and benfotiamine have both been found 
to retard the development of microalbuminuria in experimental 
diabetes via decreased activation of protein kinase C and decreased 
protein glycation and oxidative stress [35]. In a pilot study involving 
thiamine deficient subjects in Pakistan with type 2 diabetes and 
microalbuminuria, thiamine replacement resulted in a significant 
reduction in ACR [36]. In contrast, benfotiamine does not appear to 
have any effect on urinary albumin excretion in subjects with type 2 
diabetes [37].

Anti-Fibrotic Agents
Other potential treatment strategies that target the fibrosis and 

scarring observed in diabetic CKD also deserve mention. Pirfenidone 
is an anti-fibrotic drug approved for idiopathic pulmonary fibrosis, 
that has also been shown to provide benefit in patients with diabetic 
nephropathy. In a double blind, randomised placebo controlled 
study of 77 patients, pirfenidone, albeit at high doses (1200-mg/d), 
increased mean eGFR in the pirfenidone group (+3.3 +/- 8.5 ml/
min/1.73m2) compared to a decrease in the placebo group (-2.2 +/- 4.8 
ml/min/1.73m2) after 52 weeks of treatment. However, pirfenidone did 
not reduce albuminuria [38].

Tranilast, an approved anti-allergic drug with inhibitory effects 
on profibrotic growth factors and extracellular matrix accumulation 
[39] has also been tested in a small clinical trial. The data suggested 
that in addition to standard treatment with an ACE inhibitor or an 
ARB, tranilast can decrease albuminuria in subjects with type 2 
diabetes and raised ACR values [40]. The treatment was generally well 
tolerated, however in large clinical trials such as the Prevention of 
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REStenosis with Tranilast and its Outcomes (PRESTO) trial, tranilast 
was associated with adverse effects [41]. A re-engineered analogue 
of tranilast (FTo11) exhibits 2-5 times more potency than tranilast 
[42] and is about to begin early stage clinical trials for its anti-fibrotic 
potential in patients with DN. 

Other interesting anti-fibrotic compounds in the early stages of 
preclinical to clinical development for fibrosis are AM152, an orally 
available lysophosphatidic acid 1 (LPA1) receptor antagonist which has 
completed Phase I clinical studies, and Galectin-3 antagonists, which 
are central in macrophage and fibroblast differentiation and may also 
protect against AGE-induced renal injury. This approach of using 
specific antifibrotic agents to slow the progression of diabetic CKD 
awaits further evaluation in a large clinical trial.

Targeting Inflammation and Oxidative Stress with 
Bardoxolone

Bardoxolone methyl is an oral activator of nuclear factor erythroid-
related factor 2 (Nrf2). Activation of this transcription factor results in 
the upregulation of a variety of antioxidant, detoxification and anti-
inflammatory responses [43]. In experimental diabetes, activation 
of Nrf2 has been shown to result in renoprotective effects [44]. In a 
recent clinical trial, 227 subjects with type 2 diabetes and CKD stages 
3 to 4 (eGFR 20 to 45 ml/min/1.73m2) were randomised to receive 
bardoxolone (25 to 150 mg per day) or placebo in addition to RAA 
blocking therapy [45]. The primary end point of the study was the 
change in eGFR from baseline at 24 weeks.

Bardoxolone treatment increased eGFR by 8.2 ± 1.5 (25 mg dose), 
11.4 ± 1.5 (50 mg dose) and 10.4 ± 1.5 (75 mg dose) ml/min/1.73m2, 
all p < 0.001 compared with placebo. An increase in eGFR was even 
seen after 4 weeks of starting bardoxalone therapy and was sustained 
for 52 weeks (Figure 2). Four weeks after the last dose of bardoxolone 
was administered, eGFR levels were still above baseline values but these 
values were only 25% of that seen during active treatment.

During the study no correlation was seen between changes in eGFR 
and systemic blood pressure and no change in mean systemic blood 
pressure levels was seen in any of the treatment groups. The rapid 
increase in estimated GFR seen in the study suggests that bardoxolone 
may have some reversible hemodynamic effect within the kidney. As 
only estimated GFR was used in this study it remains possible that the 
changes in GFR reported in the study was due an effect of bardoxolone 
on creatinine production or the handling of creatinine by the kidney. 
It is therefore necessary to confirm that the increase in estimated GFR 
reflects changes in measured GFR as opposed to an indirect effect of 
bardoxolone on creatinine metabolism.

The attenuated but sustained increase in eGFR seen after 
discontinuation of bardoxolone also suggests that bardoxolone possibly 
inhibits the inflammation and oxidative stress pathways that are known 
to promote the development of diabetic CKD. The main side-effect of 
bardoxolone therapy was muscle spasms which were reported by 40 to 
60% of participants in the study. An increased prevalence of muscle 
spasms was reported with the higher doses of the drug, however they 
were reported to generally resolve without discontinuation of the drug.

Interestingly, the increase in eGFR seen with bardoxolone occurred 
independently of changes in albumin excretion. Indeed, the urinary 
ACR level increased with active treatment and changes in ACR and 
eGFR were positively correlated at 52 weeks. It was suggested by the 
authors of the study that this discordance between eGFR and ACR may 

possibly be related to increased glomerular filtration and decreased 
tubular reabsorption of albumin due to increased rate of tubular transit.

The Bardoxolone Methyl Evaluation in patients with Chronic 
Kidney Disease and Type 2 Diabetes-The Occurrence of Renal Events 
(BEACON) plans to randomise 1600 participants with stage 4 CKD 
and type 2 diabetes to placebo or bardoxolone. Intersestingly this trial 
has commenced without confirmation that the increase in eGFR seen 
with Bardoxolone reflects changes in true GFR. The trail is expected to 
run for 3 years with the primary end point being progression to ESRD 
or cardiovascular death [46]. It is hoped that BEACON will show that 
the increase in eGFR observed in the above trial will be translated into 
a reduction in clinical renal and CV disease events. 

Lipid Lowering Agents
A substudy from the Collaborative Atorvastatin Diabetes Study 

(CARDS) showed that over approximately 4 years, atorvastatin 
ameliorated the expected decline in eGFR in patients with elevated 
levels of urinary albumin (net improvement of 0.38 ml/min/1.73m2 
per year, p = 0.03) compared with placebo treatment [47]. A recent 
observational study has also shown that the use of statins was associated 
with a reduced risk (68% risk reduction) of developing renal dysfunction 
(defined as an eGFR < 60 ml/min/1.73m2 or first hospitalisation with 
renal disease) in 5264 subjects with type 2 diabetes (approximatedy 
25% taking statins) followed for 5 years [48]. Recent preliminary data 
from a randomised controlled trial, the Prospective Evaluation of 
Proteinuria and Renal Function in Diabetic Patients With Progressive 
Renal Disease (PLANET I), which has only been published in abstract 
form, has suggested that not all statins have the same renal effects [49]. 
PLANET I involved 325 patients with type 1 or 2 diabetes who had 
proteinuria with an eGFR > 40 mL/min/1.73 m2 and who were already 
on ACE inhibitors or ARBs. Patients were randomized to receive 
rosuvastatin (10 or 40 mg/day) or atorvastatin 80 mg/day. The primary 
end point of the study was the change in urinary protein/creatinine 
ratio from baseline to 52 weeks. Atorvastatin therapy significantly 
reduced the proteinuria by approximately 15% whereas rosuvastatin 
therapy (both 10 and 40 mg) had no significant effect on proteinuria. In 
terms of changes in eGFR, patients receiving atorvastatin lost about 1 to 
2 mL/min/1.73m2 over 52 weeks whereas those on rosuvastatin 10 mg/
day lost about 4 mL/min per 1.73 m2 and those receiving rosuvastatin 
40 mg/day approximately 8 mL/min/1.73 m2. 
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Figure 2: Effects of different doses of bardoxolone on estimated GFR (eGFR) 
52 weeks in 227 subjects with type 2 diabetes and chronic kidney disease 
(CKD).  Modified with permission from reference 45.
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The above results need to be interpreted with caution and await peer 
reviewed publication. Furthermore, one of the limitations of the above 
study and for most other studies involving lipid lowering medications, 
including fenofibrate (as discussed below), is that measurement of 
GFR has mainly been based on creatinine derived estimates of GFR. 
In a situation analogous to the bardoxolone study discussed in the 
last section, creatinine based estimates of GFR can be influenced by 
other non GFR related factors factors such as creatinine production 
and secretion which could be affected by lipid lowering medications 
without altering true GFR. 

It is important to emphasize that intensive treatment of 
dyslipidaemia in people with diabetes should be considered not only 
to possibly ameliorate renal injury but also to avoid CV complications. 
A substudy of the Treating to New Targets (TNT) study showed that 
atorvastatin 80 mg compared with atorvastatin 10 mg reduced the 
relative risk of major CV events in patients with an eGFR < 60 ml/
min/1.73m2 and coronary heart disease (approximately 15% with 
diabetes) by 32% (p = 0003) compared with 15% (p =0.049) in patients 
with eGFR levels ≥ 60 ml/min/1.73m2 [50]. The recent Study of Heart 
And Renal Protection (SHARP) also showed that in patients with CKD 
(approximately 25% having diabetes) the combination of simvastatin 
and ezetimibe compared with placebo decreased total CV events [51]. 
However, to date there is no evidence to suggest that statins reduce CV 
events in people who have already developed ESRD [52].

In the Fenofibrate Intervention and Event Lowering in Diabetes 
(FIELD) and ACCORD studies, the use of fenofibrate was shown 
to reduce albuminuia [53]. A further analysis of the FIELD study 
has shown that fenofibrate causes an acute but sustained plasma 
creatinine increase which may not reflect changes in true GFR [54]. 
This suggestion has yet to be tested by the direct measurement of GFR. 

At the end of the interventional phase of the FIELD study plasma 
creatinine levels were re-measured eight weeks after treatment 
cessation. After this washout period, eGFR had fallen less from baseline 
for patients treated with fenofibrate (1.9 ml/min/1.73m2) than on 
placebo treatment (6.9 ml/min/1.73m2), sparing 5.0 ml/mim/1.73m2 
of GFR (p < 0.001). Greater preservation of eGFR with fenofibrate 
was observed in patients with baseline hypertriglycerideaemia alone 
or when combined with a low HDL-cholesterol level. Furthermore, 
fenofibrate reduced urinary ACR by 24% versus 11% with placebo 
treatment (p < 0.001). There was 14% less progression and 18% more 
regression of albuminuria in fenofibrate compared with placebo 
treated patients (p < 0.001). However, ESRD event frequency was 
similar for fenofibrate and placebo treated patients (n = 21 vs 26, p 
= 0.48). The FIELD investigators interpreted these findings to mean 
that use of fenofibrate is associated with a reduction in albuminuria 
and a slowing in eGFR decline despite initial and reversible increases 
in plasma creatinine. 

Both the FIELD and the ACCORD- lipid studies have also shown 
that fenofibrate slows the progression of diabetic retinopathy [55]. 
The mechanisms by which fenofibrate exerts this beneficial effect on 
albuminuria and potentially GFR are still yet to be fully elucidated but 
generally appear to be independent of effects on lipid parameters and 
most likely involve inhibition of inflammatory pathways and cytokines 
such as vascular endothelial growth factor. 

Other Novel Approaches
In experimental studies, the use of an inhibitor of the β isoform 

of protein kinase C (ruboxistaurin), has resulted in a decrease in 

albuminuria, normalisation of hyperfiltration, a reduction in TGF-β 
and a reduction in extracellular matrix accumulation in the kidney 
of diabetic rodents [56,57]. Unfortunately clinical studies of this 
compound have not shown clear renal benefits [58].

One proposed mechanism for the development of albuminuria in 
DN is depletion of glycosaminoglycans in the glomerular basement 
membrane (GBM). In experimental and small clinical studies, 
sulodexide, a compound containing a mixture of glycosaminoglycans, 
has been shown to reduce albuminuria, possibly through restoring 
glomerular glycoproteins or by restoring anionic heparin sulphate 
charge on the GBM. Furthermore, small, short-term clinical trials have 
suggested that sulodexide can reduce albuminuria [59,60]. However, in 
a large double blind, randomised control (SUN-Micro) trial involving 
1000 patients with type 2 diabetes and microalbuminuria who were 
already receiving maximal doses of ACE inhibitors or ARBs, sulodexide 
failed to reduce albuminuria [61]. 

A further trial in macroalbuminuric subjects with type 2 diabetes 
also failed to demonstrate any renoprotective effects of sulodexide 
[62]. In this trial the endpoint was a composite of doubling of serum 
creatinine, development of ESRD or serum creatinine > 530 µmol/L 
(6.0 mg/dL). There was also no change in ACR with sulodexide 
compared with placebo.

Pathways pivotal to the development of DN possibly are activated 
by the acetylation status of histone proteins. Furthermore, inhibiting 
histone deacetylase (HDAC) is emerging as a potentially useful 
approach to attenuating renal injury in diabetes. Daily subcutaneous 
injections of the HDAC inhibitor trichostatin A have been shown to 
reduce proteinuria in experimental diabetes [63]. More recently, oral 
treatment with another HDAC inhibitor, vorinostat, blunted renal 
growth and glomerular hypertrophy in diabetic rats [64]. This may 
be an important finding because one of the early features of diabetic 
nephropathy is renal enlargement. The effects of vorinostat are 
hypothesized to be medicated in part by down regulation of epidermal 
growth factor.

Pentoxifylline, a xanthine derivative, has been demonstrated to 
have anti-protenuric effects in small clinical trials involving subjects 
with type 1 and type 2 diabetes [65]. A larger trial, pentoxifylline for 
reno-protection in diabetic nephropathy (the PREDIAN study) is 
a randomised, controlled trial that is currently being performed in 
subjects with type 2 diabetes and stage 3-4 chronic kidney disease 
[66]. The trial will run for 24 months and will evaluate the effects of 
pentoxifylline on changes in eGFR.

Serum uric acid (SUA) concentration is emerging as an 
independent risk factor for the development of diabetic CKD. 
Treatment with the ARB, losartan has been shown to lower SUA 
levels in macroalbuminuric patients with type 2 diabetes compared 
with placebo [67]. Furthermore, the degree of reduction in SUA seen 
with losartan was subsequently associated with a reduced risk for the 
renal outcome of a doubling of serum creatinine or the development 
of ESRD. This effect was independent of other risk factors, including 
eGFR and albuminuria. 

In a trial of 113 patients with an eGFR < 60 ml/min/1.73m2, 
approximately 20% with diabetes, eGFR decreased by 3.3 ± 1.2 ml/min 
/1.73m2 in the control group and increased by 1.3 ± ml/min /1.73m2 
in a group treated with allopurinol for 24 months [68]. Furthermore,  
SUA levels and C-reactive protein levels decreased significantly in 
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subjects treated with allopurinol. In this small study there were 15/56 
CV events in the control group and 7/57 CV events in the allopurinol 
group at the end of the follow up period. Although this study suggests 
a potential positive CV disease benefit of allopurinol, this finding 
requires confirmation in large prospective trials.

Conclusions
In conclusion, there has been significant progress in the 

development of novel treatments for diabetic kidney CKD in recent 
times despite the potential benefits of promising DN interventions such 
as aminoguanidine, sulodexide and aliskiren not coming to fruition 
when tested in large clinical trials. The increase in estimated GFR 
seen with bardoxolone awaits translation into a reduction in clinical 
events associated with diabetic CKD. Possibly, even older drugs such 
as allopurinol may be shown to play an important role in ameliorating 
the progression of diabetic CKD in future years. However, it should 
be remembered that in patients at high risk for the development of 
progressive diabetic CKD, using existing therapies as part of a target-
driven, intensive, multifactorial intervention results in a reduced risk 
of CV death and progression to ESRD, as shown in the STENO-2 and 
other studies[69,70].
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