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Abstract
Microvascular complications associated with type 2 diabetes,
including diabetic retinopathy, nephropathy and neuropathy, account
for much of the societal burden of diabetes. Even with effective
multifactorial intervention, targeting glycemia, blood pressure and lowdensity lipoprotein cholesterol, in addition to lifestyle intervention, a
high residual microvascular risk persists. The Residual Risk Reduction
Initiative (R3i) highlights two key priorities for reducing this residual
risk. First, there should be optimal management of cardiometabolic
risk factors, including atherogenic dyslipidemia, elevated triglycerides
and low plasma high-density lipoprotein cholesterol, to improve lipid
goal attainment. Second, consistent evidence from two major trials
may merit consideration of adjunctive fenofibrate therapy to slow
progression of diabetic retinopathy in type 2 diabetes patients with
pre-existing disease. These data provide a strong rationale for testing
in a prospective study. The R3i strongly believes that addressing
both priorities is critical to reducing the substantial residual risk of
microvascular complications in type 2 diabetes.
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Introduction

Effective multifactorial intervention, targeting glycaemia, blood
pressure and Low-Density Lipoprotein (LDL) cholesterol, is clearly
important for preventing or delaying progression of macro- and
microvascular complications. Yet even with optimal management,
such complications continue to develop or progress. Five years ago, the
Residual Risk Reduction Initiative (R3i) highlighted this issue, clearly
illustrated by the STENO-2 study [8-10]. Multifactorial intervention,
including tight glycemic regulation, blood pressure control and the use
of renin–angiotensin system blockers, aspirin and statins, in addition to
lifestyle intervention, reduced the risk of macroangiopathies and major
diabetes-related complications (retinopathy and nephropathy), but was
insufficient to completely prevent the development or progression of
microvascular disease in up to 50% of patients with type 2 diabetes
(Figure 1) [9,10]. While it is acknowledged that few patients achieved
all three targets for blood glucose, blood pressure and LDL cholesterol,
STENO-2 still showed the high residual risk of microvascular
complications that persists in diabetes patients.

Diabetes mellitus poses one of the most important health challenges
in the 21st century. Based on latest estimates, globally more than 382
million people have diabetes, predominantly type 2 diabetes, and by
2035 this will have risen to 592 million [1]. The greatest escalation
in diabetes prevalence has been in developing regions, and as a
consequence, it is anticipated that the future burden of diabetes will be
greatest there [1].
Much of the focus of clinical management in type 2 diabetes has been
on prevention of cardiovascular complications from macroangiopathies.
However, recent data from the Global Burden of Disease 2010 highlight
the importance of diabetes-related microvascular complications,
including diabetic retinopathy and nephropathy, responsible for more
than 50% of the burden of disability associated with diabetes [2]. About
one in three people with type 2 diabetes have clinical signs of diabetic
retinopathy or diabetic kidney disease, and an even larger proportion
has silent or clinical peripheral (lower-limb) sensory neuropathy
[1,3,4]. Indeed, diabetic retinopathy is the leading cause of vision loss
in adults of working age (20 to 65 years) in industrialized countries [1].
Although the cost of managing such complications is initially relatively
low (especially when compared with the diagnostic and therapeutic
costs of macroangiopathies), progression to more advanced stages, i.e.,
visual loss, end-stage renal disease and lower-extremity amputation
substantially increases this. Estimates suggest that the presence of
microvascular complications almost doubles management costs
compared with patients without these complications [5]. Together, the
escalation in diabetes prevalence and increasing longevity of people
with diabetes due to improved management of cardiometabolic risk
factors, will undoubtedly contribute to a further substantial increase
in the socioeconomic burden associated with chronic diabetes-related
microvascular complications [6]. As an example from the US, costs
associated with managing diabetes-related complications have nearly
doubled over the last 5 years, despite improvements in general care.
Given finite healthcare resources, this is an urgent issue warranting
action [7].

Residual microvascular risk: an update
Subsequent investigations focused on a key question: Does
intensification of glycemic or blood pressure control reduce this
high residual risk of diabetes-related microvascular complications?
The rationale for such approaches was suggested by data from the
United Kingdom Prospective Diabetes Study (UKPDS), which
showed improved benefit, especially for retinopathy, with prolonged
improvement in glycemic control in newly-diagnosed type 2 diabetes
patients (Table 1) [11,12].
With respect to improved glycemic control, the Action to Control
Cardiovascular Risk-Eye (ACCORD-Eye) study showed that targeting
euglycemia (i.e. HbA1c<6% [42 mmol/mol] as a surrogate marker) in
persons with long-standing type 2 diabetes significantly slowed the
progression of diabetic retinopathy, defined by ≥ 3 steps worsening
of the Early Treatment Diabetic Retinopathy Study (ETDRS) scale, or
the development of proliferative retinopathy requiring laser treatment
or vitrectomy (absolute reduction from 10.4% to 7.3%, relative risk

Treatment period (7.8 years)
39

Development of
microvascular
disease

Nephropathy RR 0.39 (0.17-0.87)
P = 0.003

20
48
34

Retinopathy

RR 0.42 (0.21-0.86)
P = 0.02

Retinopathy

RR 0.57 (0.37-0.88)
P = 0.01

Autonomic
neuropathy

RR 0.53 (0.34-0.81)
P = 0.004

Peripheral
neuropathy

RR 0.97 (0.62-1.51)
P = 0.89

Observation period (13.3 years)
68
51

Progression of
microvascular
disease

65
49
58
55
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Figure 1: As highlighted by the R3i, the STENO-2 study showed that intensive multifactorial intervention delayed but did not prevent the development or progression
of diabetic-related microvascular complications in persons with type 2 diabetes. Data presented as relative risk (RR) with 95% confidence intervals. Reproduced
with permission from Fruchart JC et al. [8] RR relative risk. Diabetic nephropathy was defined as urinary albumin excretion of >300 mg per 24 hours in 2 of 3 sterile
urine specimens. Diabetic retinopathy was graded according to the 6-level grading scale of the European Community-funded Concerted Action Programme into the
Epidemiology and Prevention of Diabetes by 2 independent ophthalmologists, who were unaware of treatment assignment. Peripheral neuropathy was measured
with a biothesiometer and autonomic neuropathy was diagnosed based on measurement of the RR interval on an ECG during paced breathing and an orthostatichypotension test conducted by a laboratory technician who was unaware of the patients’ treatment assignment.
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Trial
[follow-up]

N

Intervention

Outcome measure

Relative
RR

Absolute
RR

NNT

p-value

Diabetic retinopathy
ACCORD-EYE [13] [4 years] 2,856 Intensive vs. standard glycemic control
ADVANCE [15,19] [5 years]

37%

3.1%

32

0.003

1,263 Intensive vs. standard BP control

Progression ≥ 3 steps of ETDRS, laser
photocoagulation or vitrectomy

23%

-1.6%

- 62

0.29

11,140 Intensive glycemic control

New or worsening retinopathy

5%

0.3%

333

NR

1%

-0.1%

-100

NR

[4.3 years]

Intensive vs. standard BP control

VADT (14) [5.6 years]

1,791 Intensive vs. standard glycemic control

Progression ≥ 2 steps of ETDRS

23%

5.1%

19

0.07

UKPDS* [11,12]
[Up to 12 years]

3,867 Intensive vs. standard glycemic control

2-step progression of ETDRS
Retinal photocoagulation

21%
29%

10.1%
2.7%

10
37

0.015
0.003

1,148 Intensive vs. standard BP control

2-step progression of ETDRS
Retinal photocoagulation

34%
35%

17.3%
4.0%

6
25

0.0038
0.023

Table 1: Effect of intensification of glucose or blood pressure control on progression of diabetic microvascular complications in type 2 diabetes patients.
Trial

N

Intervention

Outcome measure

Relative RR Absolute RR

NNT

p-value

Renal outcomes
ACCORD [16]
[5 years]

10,251 Intensive vs. standard glycemic control

New-onset microalbuminuria
New-onset macroalbuminuria

15%
29%

3.1%
1.7%

32
58

0.0012
0.0003

ADVANCE [15,19]
[5 years]

11,140 Intensive vs. standard glycemic control

New or worsening nephropathy
New onset microalbuminuria

21%
9%

1.1%
2.0%

91
50

0.006
0.02

Combination BP vs. standard control

New or worsening nephropathy
New onset microalbuminuria

18%
21%

0.6%
4%

167
25

0.055
<0.0001

34%
43%

4.7%
2.2%

21
45

0.03
0.04

[4.3 years]
VADT [14]
[5.6 years]

1,791

Intensive vs. standard glycemic control

Any increase in albuminuria
Progression to macroalbuminuria

UKPDS* [11,12]
[Up to 15 years]

3,867

Intensive vs. standard glycemic control

Microalbuminuria

30% at 15 yr

11.9% at
15 yr

8

[Up to 9 years]

1,148

Intensive vs. standard BP control

Urinary albumin ≥ 50 mg/L

29% at 6 yr
13% at 9 yr

8.2% at 6 yr
4.3% at 9 yr

12
23

0.033
0.0085
0.33

NNT number needed to treat = 1/absolute risk reduction; NR not reported; RR risk reduction; * UKPDS enrolled newly diagnosed type 2 diabetes patients; all other studies
enrolled patients with longstanding type 2 diabetes; ACCORD Action to Control Cardiovascular Risk in Diabetes; ADVANCE Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release Controlled Evaluation; ETDRS Early Treatment Diabetic Retinopathy Study; UKPDS United Kingdom Prospective Diabetes
Study; VADT Veterans Affairs Diabetes Trial
Table 1: Effect of intensification of glucose or blood pressure control on progression of diabetic microvascular complications in type 2 diabetes patients, contd.

reduction [RRR] 37%, p=0.003) (Table 1) [13]. Similar findings were
reported by the Veterans Administration Diabetes Trial (VADT) [14],
although the Action in Diabetes and Vascular disease: preterAx and
diamicroN-MR Controlled Evaluation (ADVANCE) study showed
no benefit [14,15]. Intensive glycemic control also favorably impacted
certain intermediate renal outcomes, including new-onset microand macroalbuminuria in ACCORD, and new-onset or worsening
albuminuria in ADVANCE and VADT, although the absolute benefit
was less than that previously documented in newly-diagnosed patients
in the UKPDS (Table 1) [12,14-16]. However, these findings need to
be considered against the overall risks of glucose-lowering treatment.
In ACCORD there was an increase in all-cause mortality in patients
allocated to the intensive glucose-lowering arm [17]. More recently, the
ORIGIN (Outcome Reduction with an Initial Glargine Intervention)
study showed that early use of basal insulin to target normal fasting
plasma glucose levels did not impact cardiovascular outcomes [18].
Both the ACCORD and ORIGIN studies also showed an increased risk
of hypoglycemia and weight gain, detrimental for the management of
patients with type 2 diabetes [17,18]. Furthermore, practical limitations
relating to the likelihood of achieving normal or near-normal HbA1c
should not be understated. Taken together, the implications of these
data are that targeting a near-normal HbA1c value with currently
available glucose-lowering therapies is not appropriate in high-risk
patients with long-standing type 2 diabetes.
Improved blood pressure control was shown to reduce the
development or progression of albuminuria in ADVANCE, although
there was little benefit on diabetic retinopathy beyond that observed
with conventional control [19] (Table 1). The ADVANCE retinal
J Diabetes Metab
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substudy showed a trend towards reduction in the risk of progression
of retinopathy with combination blood pressure lowering treatment,
although the difference versus standard therapy was not statistically
significant (odds ratio 0.78, 95% CI 0.57-1.06, p=0.12) [20].
Angiotensin-receptor blockade has shown class-specific benefits on
microangiopathies. In the Renin–Angiotensin System Study (RASS),
treatment with either enalapril or losartan reduced progression of
diabetic retinopathy by 65% (p=0.02) and 70% (p=0.008), respectively
[21]. Furthermore, in the DIRECT (Diabetic REtinopathy Candesartan
Trials) program, treatment with candesartan reduced diabetic
retinopathy in patients with type 1 diabetes (by 26%, p=0.046) [22].
While there was evidence of regression of diabetic retinopathy in
patients with type 2 diabetes, there was no significant benefit of
treatment on retinal disease progression (the primary endpoint
of the study) [22,23]. In addition, in the Randomized Olmesartan
and Diabetes Microalbuminuria Prevention (ROADMAP) trial,
olmesartan delayed the onset of microalbuminuria in type 2 diabetes
patients with coronary artery disease and normoalbuminuria [24].
However, it should be noted that blood pressure control was similar
in patients irrespective of the addition of olmesartan to conventional
antihypertensive therapy, with 80% in the olmesartan group versus 71%
of the placebo group achieving target blood pressure (<130/80 mmHg).
Furthermore, an excess of cardiovascular deaths in the olmesartan
group was a concern. Thus, blood pressure lowering mediated via
renin-angiotensin blockade is associated with renal protection in
patients with type 2 diabetes, although the ACCORD blood pressure
trial did suggest limitations with aggressive blood pressure lowering
beyond that currently recommended by guidelines [25].
Volume 5 • Issue 8 • 1000413
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Finally, there is no evidence to date that further lowering of LDL
cholesterol beyond desired levels benefits diabetic retinopathy [26].
Furthermore, the potential benefits of intensive LDL cholesterol
lowering with high-dose statins need to be weighed against the known
increase in risk of incident diabetes associated with this treatment,
especially in patients with established risk factors for diabetes, or the
potential to worsen glycemic control in patients already diagnosed with
diabetes [27].

A role for atherogenic dyslipidemia?
Taken together, perhaps the main message from recent trials is to
optimize control of conventional vascular risk factors to reduce the
residual risk of diabetes-related microvascular complications. In this
context, consideration of atherogenic dyslipidemia, the combination
of elevated triglycerides – a marker of triglyceride-rich apolipoprotein
B-containing lipoproteins – and low plasma concentration of HighDensity Lipoprotein (HDL) cholesterol may be relevant. The R3i
has already highlighted atherogenic dyslipidemia as an important
contributor to lipid-related residual macrovascular risk, and, potentially,
to the risk of diabetic microvascular complications in persons receiving
best standards of care for prevention of cardiovascular disease,
including high-dose statins [8,28-30].
Recent studies provide a rationale for therapeutic targeting of
atherogenic dyslipidemia. The Verona Diabetes Study a longitudinal,
observational study in type 2 diabetes outpatients (n=979), highlighted
the relevance of the fasting triglycerides/HDL cholesterol ratio (TG/
HDL-C) to the risk of developing diabetic retinopathy or nephropathy
[31]. Over a mean 4.9 year follow-up period, each one standard deviation
increase in log TG/HDL-C more than doubled the risk of retinopathy
and/or chronic kidney disease (odds ratio 2.15, 95% CI 1.09-4.25,
p=0.02); the increase in risk was even higher for chronic kidney disease
alone (odds ratio 4.65, 95% CI 1.50-14.90, p=0.02). This association was
independent of confounding factors including HbA1c, blood pressure,
LDL cholesterol, albuminuria, diabetes duration and body mass index.
The prognostic significance of an elevated log TG/HDL-C ratio was
even more pronounced in patients with well controlled LDL cholesterol
levels (<100 mg/dL). In a systematic review, elevated triglycerides were
predictive of the onset or progression of nephropathy in patients with
type 2 diabetes [32]. Additionally, post hoc analyses from ADVANCE
highlighted low HDL cholesterol (<43 mg/dL) as a prognostic factor
for the development of diabetic-related renal events, in particular newonset albuminuria [33]. There was, however, no association between
low HDL cholesterol and risk for diabetic retinopathy. This is perhaps
not surprising given the multiple pathways implicated in the underlying
pathogenesis of this complication [34].
Most recently, the evidence-base for a role for atherogenic
dyslipidemia has been strengthened by the REALIST (REsiduAl risk
Lipids and Standard Therapies) microvascular study [35]. This crosssectional case-control study included 2,535 type 2 diabetes patients with
either diabetic kidney disease (n=1891), diabetic retinopathy (n=1,218)
or both complications (n=574), and 3,683 matched controls, enrolled
by 24 sites in 13 countries in Europe, North America, the Middle East,
Asia (including Japan and China), and Australasia. REALIST-Micro
showed that both elevated triglycerides and low HDL cholesterol were
significantly and independently associated with diabetic microvascular
complications, specifically diabetic kidney disease; the association
was less robust for diabetic retinopathy. These associations persisted
after adjustment for blood pressure and HbA1c (Table 2). Despite the
limitations inherent with a cross-sectional design, heterogeneity with
respect to lipid measurement across the centers and the potential for
J Diabetes Metab
ISSN: 2155-6156 JDM, an open access journal

Hazard ratio (95% CI)
Any microvascular complication
Each ↑ by 44 mg/dL in TG

1.16 (1.11-1.22)

Each ↑ 8 mg/dL in HDL-C

0.92 (0.88-0.96)

Diabetic kidney disease
Each ↑ by ~ 45 mg/dL in TG

1.23 (1.16-1.31)

Each ↑ 8 mg/dL in HDL-C

0.86 (0.82-0.91)

Retinopathy
Each ↑ by ~45 mg/dL in TG

1.09 (1.02-1.16)*

Each ↑ 8 mg/dL in HDL-C

0.93 (0.86-1.0)*

Diabetic kidney disease was defined as either proteinuria >300 mg/L, albuminuria
(albumin/creatinine ratio ≥ 30 μg/mg measured in a single morning urine sample;
or>20 μg/min in timed overnight urine collections; or >30 mg/24 h in a 24-hour
urine), or estimated glomerular filtration rate <60 ml/min/1.73 m2, according to
the Modification of Diet in Renal Disease formula. Retinopathy (including diabetic
macular edema) was defined as laser treatment for diabetic retinopathy; Early
Treatment Diabetic Retinopathy (ETDRS) staging ≥ 0 on fundus photography;
Diabetic Retinopathy Disease Severity Scale 3, 4 or 5 on dilated ophthalmoscopy,
or moderate or severe maculopathy (Diabetic Macular Edema Disease Severity
Scale).
Table 2: REALIST-Micro: association of triglycerides (TG) and HDL cholesterol
with risk for diabetic kidney disease and/or diabetic retinopathy. Data from Sacks
et al. [35].

reverse causation, this study is supportive of the rationale for targeting
atherogenic dyslipidemia to reduce the residual diabetic renal disease
risk.
There are so far limited data relating to the potential association
between atherogenic dyslipidemia and diabetic neuropathy. A
small study has implicated elevated triglycerides with diabetic
neuropathy, a causative factor in lower-extremity amputations [36,37].
Hypertriglyceridemia was also an independent risk factor for lower
extremity amputation in a large cohort of patients with diabetes (n =
28,701) within a US health claims database [38].
Taken together, the available data suggest a rationale for targeting
atherogenic dyslipidemia, in addition to best standards of care, to reduce
the residual risk of diabetic microvascular complications in patients
with type 2 diabetes. Indeed, a recent observational cohort study of
the US HealthCore Integrated Research Database (n=72,267) provides
evidence to support the value of targeting guideline-recommended
levels for non-HDL cholesterol, HDL cholesterol and triglycerides
in patients with newly-diagnosed type 2 diabetes. Compared with
patients who did not meet these levels, those who attained desirable
levels for HDL cholesterol (>40 mg/dL for men and >50 mg/dL for
women) or triglycerides (<150 mg/dL) had an 11% and 15% lower risk,
respectively, of diabetic microvascular events (diabetic neuropathy,
retinopathy, and nephropathy, p <0.0001 for each analysis) (Figure 2)
[39]. However, due to the inherent limitations of this study design these
findings should be viewed as hypothesis-generating and thus require
testing in a randomized controlled trial.

Reducing residual microvascular risk
Clinical evidence for PPAR agonists: There is currently limited
evidence for therapeutic strategies that reduce residual microvascular
risk. The best evidence to date implicates a role for Peroxisome
Proliferator Activated-Receptor (PPAR) agonists, with the most
extensive data with fenofibrate, both for slowing progression of diabetic
retinopathy and slowing progression of microalbuminuria (Table 3)
[13,40-43]. Indeed, consistent evidence from two major prospective
placebo-controlled studies - the Fenofibrate Intervention and Event
Volume 5 • Issue 8 • 1000413
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Lowering in Diabetes (FIELD) and ACCORD-Eye studies - that
fenofibrate treatment delays progression of early diabetic retinopathy by
30-40% in type 2 diabetes patients with pre-existing disease, supported
recent approval of fenofibrate as an adjunctive treatment to slow the
progression of early-stage diabetic retinopathy in Australia (November,
2013). This clearly represents a major development for the management
of diabetic eye disease. There are also data suggesting reduction in the
risk of first minor lower-limb amputation associated with fenofibrate
treatment in the FIELD study, although it is acknowledged that the
etiology of diabetes-related amputation is complex, with neuropathy,
macrovascular and microvascular disease all playing a role [44].
However, there remain a number of unanswered questions. First,
are these effects specific to fenofibrate or do they relate to fibrates
more generally? Indeed, findings from a recent study in a real-world
setting (n=5,038 type 2 diabetes patients) indicate that fibrate treatment
(including bezafibrate, fenofibrate, ciprofibrate or gemfibrozil) was
independently associated with reduction in progression to first
retinopathy (primary outcome) [45]. Both bezafibrate (n=1739) and
fenofibrate (n=1413) were the most commonly prescribed fibrates in
this study (for a mean of 2.1 and 2.8 years, respectively). However,
with the limitations of a retrospective real-world data analysis, it is not
possible to differentiate the effects of specific fibrates. Investigation of

Figure 2: Lipid goal management and reduction in microvascular events in
newly diagnosed type 2 diabetes patients (n=72,267) in real-world setting.
Attainment of lipid goals for high-density lipoprotein (HDL) cholesterol,
triglycerides and non-HDL cholesterol reduced the risk of diabetic complications
(retinopathy, nephropathy or neuropathy, all p<0.0001). Data from Toth et al.
[38]
* Adjusted multivariate Cox regression analysis for patients at lipid goal versus
those who did not achieve lipid goal.
Lipid goals were defined according to the current American Diabetes
Association guidelines; HDL cholesterol >40 mg/dL in men and >50 mg/dL in
women and triglycerides <150 mg/dL.
Study

Microvascular outcome

FIELD [41]
[N=9,795]

potential differential effects depending on the profile (alpha, gamma
and/or delta), selectivity and potency of PPAR agonism at comparable
doses is clearly warranted [46].
The other key question relates to the underlying mechanism(s),
in particular for effects on diabetic retinopathy progression. While
fibrates improve the underlying lipids and lipoproteins abnormalities
associated with elevated triglycerides, decreased HDL number or
functionality, and low plasma concentration of HDL cholesterol, the
pathophysiological link between diabetic retinopathy and atherogenic
dyslipidemia is tenuous. Indeed, in both the FIELD and ACCORD-Eye
studies, there was no association between the lipoprotein- and lipidmodifying effects of fenofibrate and incidence or progression of diabetic
retinopathy [13,40,41]. Recent insights suggest that both lipid-mediated
as well as non-lipid mechanisms may be implicated [47]. These may
include systemic effects mediated by upregulation of apolipoprotein
A-I (apoA-I, the main apolipoprotein in HDL), as suggested by small,
single center studies, as well as local or systemic changes influencing
intraretinal lipid transport [48,49]. Furthermore, whether effects on the
qualitative properties of lipoproteins play a role is not known, although
it is likely that the recognized pleiotropic effects of fibrates, including
antioxidant, anti-inflammatory and anti-apoptotic properties, and
improvement of endothelial function are perhaps more relevant, as
previously discussed by Simo et al. [47].
As with all treatments, risk versus benefit considerations is merited.
Fenofibrate is known to increase serum creatinine, which may prompt
questions about its wider use in type 2 diabetes patients who often
have some degree of renal impairment. In ACCORD Lipid, an increase
in serum creatinine (defined as ≥ 20% increase from pre-treatment
levels) was reported for nearly one-half (48%) of patients with longstanding type 2 diabetes within 3 months of starting fenofibrate
treatment (versus 9% of the placebo group). Of these patients, about
one-quarter subsequently received a reduced dose of fenofibrate, and
about one-third stopped study treatment [50]. However, in both the
FIELD and ACCORD Lipid studies the increase in serum creatinine
was transient and reversible within 6-8 weeks [40,51,52]. Furthermore,
subsequent analyses showed that the increase in serum creatinine in
fenofibrate-treated patients was unexpectedly associated with slower
(rather than higher) secular loss of renal function. Over the course
of the 5-year follow-up in the FIELD study, the decline in estimated
glomerular filtration rate (eGFR) was reduced by 73% with fenofibrate
compared with placebo [51]. Additionally, in the Renal Ancillary study
of ACCORD Lipid, among patients in the fenofibrate treatment group
who were chosen because they did not show any increase in serum
creatinine (≤ 2% change from pre-treatment levels), mean eGFR at
the end of study was higher compared with those in the placebo group
(81.8 versus 77.8 mL/min/1.73 m2), raising the possibility that there was
net preservation of renal function over time in this group [52]. Further,
Relative RR

Absolute RR

NNT

p-value

First laser treatment for retinopathy

31%

1.5%

67

0.002

i) DR progression, i.e. ≥ 2 steps of the ETDRS, macular edema or laser treatment
ii) ≥ 2 steps of the ETDRS
All patients
Pre-existing retinopathy
No pre-existing retinopathy

31%

5.0%

20

0.022

FIELD substudy [41]
[N=1,012]

22%
79%
2.6%

2.7%
11.5%
0.3%

37
9
333

0.19
0.004*
0.87*

ACCORD-EYE [3]
[N= 1,593]

DR progression, i.e. ≥ 3 steps of the ETDRS or proliferative DR requiring laser
therapy or vitrectomy

40%

3.7%

27

0.006

*treatment versus retinopathy status interaction, p=0.019; NNT number needed to treat = 1/absolute risk reduction; RR risk reduction; ETDRS Early Treatment Diabetic
Retinopathy Study scale; FIELD: Fenofibrate Intervention and Event Lowering in Diabetes; ACCORD: Action to Control Cardiovascular Risk in Diabetes
Table 3: Effects of fenofibrate on Diabetic Retinopathy (DR) progression: Summary of results from the FIELD and ACCORD-Eye studies [13,41].
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the fenofibrate-associated increase in serum creatinine did not appear
to detrimentally impact cardiovascular risk, as indicated by a post hoc
subgroup analysis of the FIELD study. While patients in the placebo
group of this study with moderate renal impairment had the highest
cardiovascular event rates, fenofibrate treatment was associated with a
relative reduction in cardiovascular risk of 32% versus 15% in patients
with normal renal function [53]. Admittedly, this analysis was based
on a limited sample (~5% of the total study population), and the use
of the Modification of Diet in Renal Disease formula in FIELD may
have underestimated eGFR. Despite these caveats, these data may help
to reassure clinicians who may be considering the use of adjunctive
fenofibrate therapy in type 2 diabetes patients.
Evidence for other approaches: Evidence for other therapeutic
approaches is limited. There may be a rationale for investigating the
potential of omega-3 fatty acids, given experimental data showing
favorable effects on key mechanisms implicated in the vasodegenerative
phase of diabetic retinopathy, and preservation of retinal function
in animal models of type 2 diabetes mellitus [54,55]. Additionally,
expression of GPR109A, a niacin receptor, which has anti-inflammatory
activity in the retinal pigment epithelium, is increased in diabetic mouse
and human retinas, which might suggest therapeutic potential [56].
However, there are as yet no clinical data to support these hypotheses.
Novel approaches are also warranted.

Conclusion
R3i recommendations
The R3i believe that optimizing the control of cardiovascular risk
factors is critical to reducing the residual risk of diabetes-related
microvascular complications in patients with type 2 diabetes. In this
context, management of atherogenic dyslipidemia, a key driver of
cardiovascular risk in this patient group, in addition to best standards
of care, is relevant as supported by evidence from the REALIST-Micro
study [35]. In support, a large-scale study in a real-life setting suggested
that improved lipid management, targeting HDL cholesterol and
triglycerides in addition to non-HDL cholesterol, can reduce the risk
of diabetic retinopathy, peripheral neuropathy, and/or nephropathy
in type 2 diabetes patients [39]. These data reinforce the importance
of achieving appropriate lipid and lipoprotein levels as a key tenet of
management to reduce both macro- and microvascular residual risk in
patients with type 2 diabetes.
In terms of therapeutic targeting to reduce residual microvascular
risk, the available data support a role for PPAR agonism, with the
strongest evidence to date for fenofibrate, for slowing progression of
early-stage diabetic retinopathy in patients with type 2 diabetes mellitus,
as well as slowing progression of albuminuria. However, there remain
unanswered questions as to the underlying mode of action, with both
lipid- and non-lipid-related mechanisms implicated [46]. Whether
there are differential effects depending on the profile (alpha, gamma
and/or delta), selectivity and potency of PPAR agonism clearly merits
further investigation. Finally, whether the favorable microvascular
benefits of PPARα agonism observed with fenofibrate extend to type
1 diabetes, a condition often characterized by lifelong hyperglycemia
exposure, remains an open question.
Globally, we are facing a tsunami of type 2 diabetes, with prevalence
estimates continually revised upwards. A major burden of diabetes lies
in its chronic complications, both cardiovascular and microvascular.
However, microvascular complications associated with type 2 diabetes
are expected to account for much of the societal burden of disease,

J Diabetes Metab
ISSN: 2155-6156 JDM, an open access journal

•

Improved management of cardiometabolic risk factors. Attainment of all lipid
goals, including non-HDL cholesterol and apolipoprotein B, and desirable
levels for HDL cholesterol and triglycerides, is essential.

•

Consistent evidence from two major prospective trials may merit consideration
by clinicians of adjunctive fenofibrate therapy to slow progression of diabetic
retinopathy in type 2 diabetes patients. These data provide a strong rationale
for testing this in a major prospective study.

Table 4: Recommendations of the R3i to reduce the residual risk of diabetesrelated microvascular complications in patients with type 2 diabetes.

with progression to more advanced stages substantially increasing costs
and disability and detrimentally affecting patient quality of life. This
scenario highlights an urgent need for a renewed focus on approaches
to prevent or delay progression of diabetic microvascular complications
that occur despite best current standards of care.
The R3i believes that there are two key priorities to reducing the
residual risk of diabetic complications in type 2 diabetes (Table 4).
First, there is a need for optimal management of cardiometabolic
risk factors, including atherogenic dyslipidemia, with improved lipid
goal attainment. Second, the R3i believes that the consistent evidence
for fenofibrate from the FIELD and ACCORD-Eye studies may merit
consideration by clinicians involved in the care of patients with type
2 diabetes and retinopathy. The R3i believes that these data provide a
clear rationale for a major prospective trial to investigate the role of
fenofibrate, adjunctive to best standards of care, in preventing or slowing
diabetic retinopathy in patients with type 2 diabetes. Collaboration
between primary and secondary healthcare personnel on screening
and preventive strategies targeted to the earliest stages of diabetic
microvascular complications, in particular diabetic retinopathy, will
help to drive through improvements in patient care. In conclusion,
the R3i strongly believes that addressing both priorities is essential to
reducing the substantial, disabling socioeconomic burden associated
with the residual risk of diabetes-related chronic microvascular
complications in type 2 diabetes.
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