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Continuing burden of microvascular 
disease

The risk of microvascular complications of type 2 diabetes 
varies continuously with blood glucose, with elevated risk 
apparent at concentrations of HbA1c usually regarded as 
being within the normal range (Figure 1).1 In the UK 
Prospective Diabetes Study (UKPDS), the risk of microv-
ascular disease increased by 37% for each 1% unit increase 
in HbA1c, and the 0.9% mean reduction in HbA1c observed 
with intensive glycaemic management (with a sulfonylurea 
or insulin) versus diet therapy reduced the risk of microvas-
cular complications by 25% (p = 0.0099).1,2 Similarly, tight 
versus moderate control of blood pressure (BP) in the 
UKPDS (mean difference between mean final systolic/
diastolic BP values of 10/5 mmHg) reduced the risk of 
microvascular complications by 37% (p = 0.0092).3 
Accordingly, tight control of both blood glucose and BP is 
regarded as the principal strategy for the delay or preven-
tion of microvascular diabetic complications.4,5

Microvascular complications are commonly found in 
patients with type 2 diabetes. A cross-sectional survey of 
253,618 patients managed in primary care in the UK 
(Figure 2) found a marked increase in the prevalence of 
microvascular and macrovascular disorders in 7,870 
patients with type 2 diabetes, relative to 244,992 non-dia-
betic patients (the remaining 756 patients had type 1 

diabetes and were not included in this analysis).6 Patients 
with type 2 diabetes managed on medication demonstrated 
a higher prevalence of vascular disorders relative to 
patients on diet, consistent with greater severity of diabetes 
(38% and 17% had HbA1c >7.4%, respectively). The term 
‘microvascular complications’ usually refers to nephropa-
thy, retinopathy, or leg ulceration, although many compli-
cations of diabetes involve contributions from both 
microvascular and macrovascular disease. For example, 
autonomic neuropathy may contribute to hypertension,7 
which is itself a powerful risk factor for heart disease, 
stroke and peripheral arterial disease.8,9 Conversely, the 
presence of the metabolic syndrome increased the risk of 
microvascular complications among 415 diabetic patients 
managed within primary care.10 The metabolic syndrome 
(involving the presence of three of abdominal obesity, 
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hypertriglyceridaemia, low high-density lipoprotein (HDL) 
cholesterol, high BP or high plasma glucose, according to 
US criteria) was associated with a significantly higher 
(p<0.05) prevalence of any microvascular complication 

(47% vs. 27%), microalbuminuria (42% vs. 24% without 
metabolic syndrome), retinopathy (10% vs. 4%), or leg 
ulceration (8% vs. 3%). A non-significant excess of neu-
ropathy in patients with vs. without metabolic syndrome 
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Figure 1. Microvascular complications in the UKPDS. Bars represent 95% CI.
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Figure 2. Prevalence of diabetic complications in a survey of patients managed in primary care in the UK.
CHF, congestive heart failure; DM, diabetes mellitus; IHD, ischaemic heart disease; PVD, peripheral vascular disease. Drawn from data presented by 
Hippisley-Cox and Pringle.6
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according to US criteria achieved statistical significance 
when alternative diagnostic criteria for metabolic syn-
drome from the World Health Organisation criteria for 
metabolic syndrome were employed (11% vs. 5%). A study 
in 738 type 2 diabetes patients with or without metabolic 
syndrome confirmed a markedly increased prevalence of 
vascular disease in patients with versus without metabolic 
syndrome, specifically: microangiopathy (in 36% with 
metabolic syndrome vs. 17% without), retinopathy (27% 
vs. 14%), and polyneuropathy (31% vs. 21%).11

Many of the patients in the analysis in UK primary care, 
described above, were sub-optimally controlled, as indi-
cated by a substantial proportion of patients with HbA1c 
>7.4% (about one-quarter of the study population of type 2 
diabetes patients), and it is know that long-term hypergly-
caemia is an important driver of microvascular risk (see 
Figure 1). Nevertheless, large outcomes trials have demon-
strated that a substantial burden of microvascular disease 

remains, even after intensive intervention against conven-
tional microvascular risk factors: Table 1 shows the inci-
dence of microvascular endpoints in major intervention 
trials comparing intensive with less intensive risk factor 
control.12-17

While there are significant reductions in the risk of some 
of the endpoints in some of the studies, it is clear that a 
substantial residual burden of microvascular risk remains 
after intensive management of conventional risk factors for 
the complications of type 2 diabetes. It would be expected 
that controlling more than one traditional risk factor would 
be more effective than intervening against a single risk fac-
tor. However, reductions in the risk of a composite of 
microvascular complications in the Action in Diabetes and 
Vascular Disease: Preterax and Diamicron MR Controlled 
Evaluation (ADVANCE) trial (relative to less intensive 
control of glycaemia and BP) did not differ between patients 
randomly assigned to simultaneous intensive management 

Table 1. Residual burden of microvascular complications after intensive or less intensive/conventional intervention to manage 
glycaemia or blood pressure.

Risk factor management strategy: % Patients p
Intensive Less intensive  

or standard 

ACCORD12,13 
BP arm (retinopathy)a 10.4 8.8 0.29
Glycaemia arm (retinopathy)a 7.3 10.4 0.003
Glycaemia arm (microvascular composite)b 10.9 11.5 0.42

ADVANCE14,15

BP arm (microvascular composite)c 7.9 8.6 NS
Glycaemia arm (microvascular composite)c 9.4 10.9 NS

VADT16

Glycaemia (new retinopathy) 42.2 48.9 0.27
Glycaemia (2-step retinopathy progression) 17.0 22.1 0.07
Glycaemia (doubling of serum creatinine) 8.8 8.8 0.99
Glycaemia (any increase in albuminuria) 4.1 6.6 0.05
Glycaemia (any neuropathy) 43.5 43.8 0.94

UKPDS2,3

Glycaemia arm (microvascular composite)d 8.2 10.6 0.0099
BP arm (microvascular composite)d 9.0 13.8 0.0092

Steno-2 study (multiple risk factor control)17

Nephropathye 20 39 0.003
Retinopathye 48 64 0.02
Autonomic neuropathye 30 54 0.002
Peripheral neuropathye 50 46 0.66

aFrom the ACCORD Eye study; bcomposite of renal failure, retinal photocoagulation, or vitrectomy to treat retinopathy (from the main 
analysis of ACCORD; no data on this endpoint were presented in the ACCORD BP study); ccomposite of new or worsening nephropathy 
(new macroalbuminuria, doubling of serum creatinine to ≥200 μmol/L, need for renal replacement therapy, death due to renal disease) or 
retinopathy (new proliferative retinopathy, macular oedema, diabetes-related blindness, retinal photocoagulation therapy); dretinopathy requiring 
photocoagulation, vitreous haemorrhage, renal failure; enumbers of patients developing the stated complications were reported: these have been 
expressed as percentages of patients randomized and treated. NS: p-values not given but differences between groups were not significantly different.
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of glycaemia and BP, or to intensive control of either gly-
caemia or BP (p = 0.32); it should be noted, however, that 
there were some additional benefits for the combination 
treatment with regard to individual intermediate renal end-
points.15 Moreover, no microvascular benefit was observed 
in the Veterans Affairs Diabetes Study (VADT), where 
intensive and standard glycaemic control were compared 
against a background of intensive management of other 
vascular risk factors.16 Finally, substantial residual microv-
ascular risk was observed after intensive simultaneous 
management of multiple macro- and microvascular risk 
factors in the Steno-2 study.17

It is clear that intensive control of traditional vascular 
risk factors is of proven benefit in the prevention or delay 
of complications of type 2 diabetes. However, recent data, 
such as those from ADVANCE, Action to Control 
Cardiovascular Risk in Diabetes (ACCORD), and VADT, 
suggest that increasingly intensive management of these 
risk factors may not deliver proportionate benefits in terms 
of a reduced risk of microvascular disease, and may gener-
ate safety concerns, as in the glycaemia arm of ACCORD. 
Alternative therapies are therefore required. Data from 
major outcomes trials have identified a significant benefit 
for fenofibrate in terms of reduced risk of microvascular 
complications, and these data are described in the follow-
ing section.

Effects of fenofibrate on microvascular 
diabetic complications

The FIELD and ACCORD studies

Two large, randomised outcomes trials have studied the 
effects of fenofibrate on microvascular outcomes in patients 
with type 2 diabetes: the Fenofibrate Intervention and 
Event Lowering in Diabetes (FIELD)18 and ACCORD12,13 
trials. ACCORD, in particular, was a complex study, and 
important details of both trials, and their patient popula-
tions, are discussed below.

FIELD enrolled a population of 9,795 type 2 diabetes 
patients aged 50–75 years, without statin treatment, or a 
clear indication for this treatment, at baseline (although 
36% of the placebo group and 19% of the fenofibrate group 
were receiving lipid-lowering therapy (mostly statins) by 
the end of the study).18 Lipid criteria for enrolment were: 
plasma total cholesterol 3.0–6.5 mmol/L, plus evidence of 
an atherogenic dyslipidaemia phenotype (either total:HDL 
cholesterol ratio > 4 or plasma triglycerides 1–5 mmol/L). 
The primary endpoint was a cardiovascular composite out-
come (myocardial infarction or death from coronary heart 
disease).

Secondary endpoints included a range of other compos-
ite cardiovascular outcomes, and their components, plus 
all-cause mortality. Microvascular endpoints (vascular and 

neuropathic lower-limb amputations, progression of renal 
disease, or laser treatment for diabetic retinopathy) were 
included among prespecified tertiary study endpoints. An 
ophthalmology sub-study explored outcomes related to 
retinopathy in more detail in a subset of 1,012 patients.19 
The average duration of follow-up was 5 years.

The patient population of FIELD18 was mostly male 
(63%) and White/Caucasian (93%), with a mean age of 
62 years. About one-fifth of patients had a history of cardio-
vascular disease (22%) or microvascular disease (20%); 
neuropathy was the most common microvascular diabetic 
complication (14%), followed by retinopathy (8%) and 
nephropathy (3%). The population was, on average, over-
weight (mean body mass index (BMI) 29.8 kg/m2).

The ACCORD study was made up of two 2 × 2 factorial 
trials. All patients (n = 10,251) were enrolled into a ran-
domised comparison of tight versus moderate glycaemic 
control (target HbA1c values were <6.0% and 7.0–7.9%, 
respectively).12 The first trial also included a comparison of 
fenofibrate versus placebo (each given with simvastatin), 
with or without intensive glycaemic control.20 Patients 
(n = 5,518) were eligible if they met the criteria for the 
glycaemia study (described above), and also had to have 
LDL cholesterol 1.55–4.65 mmol/L, high-density lipopro-
tein (HDL) cholesterol <1.29 mmol/L (<1.42 mmol/L for 
women and black patients) and triglycerides <8.5 mmol/L. 
(<4.5 mmol/L if they were already receiving lipid-modifying 
therapy). Remaining patients and patients with systolic BP 
130–180 mmHg, and 24-h protein excretion <1 g (n=4,733 
overall), were eligible for the BP study: a comparison of 
tight versus moderate control of BP (treatment goals were 
systolic BP below 120 mmHg or 140 mmHg).

At baseline, 64% of the ACCORD population were 
White, with 20% Black and 7% Hispanic. The population 
of ACCORD was at higher micro- and macrovascular risk 
at baseline compared with FIELD, as inclusion criteria for 
the study included hyperglycaemia (HbA1c >7.5%) together 
with a minimum age of 40 years for patients with cardio-
vascular disease, or 55 years with anatomical evidence of 
substantial atherosclerosis or albuminuria or left ventricu-
lar hypertrophy, or at least two of: dyslipidaemia, hyperten-
sion, smoking, or obesity. Accordingly, a higher proportion 
of patients had had a prior cardiovascular event (35%) or 
was obese (mean BMI 32.2 kg/m2) at baseline.21 In addition, 
known diabetes duration was longer in ACCORD versus 
FIELD (10 years vs. 5 years), and more patients in ACCORD 
required insulin (34% versus 14%). Consistent with these 
parameters, the prevalence of microvascular disease was 
high in ACCORD: 27% had microalbuminuria, 43% had 
evidence of neuropathy (Michigan neuropathy screening 
instrument score >2), and 9% had undergone laser photoco-
agulation or vitrectomy for diabetic eye disease.

The total follow-up duration in ACCORD was 5 years 
(4 years for the Eye sub-study13). However, the appearance 
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of excess mortality in the intensive glycaemic management 
group led to the glycaemia arm being terminated early after 
a median follow-up of 3.7 years. All patients received the 
moderate glycaemic intervention after this time; HbA1c 
increased from an average of 6.3% at closure of the glycae-
mia evaluation to 7.2% at study end (5 years), compared 
with a corresponding value of 7.6% at either time point in 
the moderate glycaemia arm. The lipid and BP evaluations 
continued as normal.

Fenofibrate and diabetes complications in FIELD 
and ACCORD

Macrovascular outcomes in FIELD. The main publication of 
FIELD dealt mainly with cardiovascular outcomes, which 
will be described here briefly.18 Randomisation to fenofi-
brate did not significantly reduce the incidence of the pri-
mary cardiovascular composite, although a secondary 
endpoint of all cardiovascular events was significantly 
reduced by fenofibrate (11% risk reduction, p=0.035). 
Subgroup analyses presented in the main analysis of FIELD 
demonstrated no significant interaction according to strati-
fication for levels of HDL cholesterol, triglycerides, total or 
LDL cholesterol, dyslipidaemia, hypertension, abdominal 
obesity, or metabolic syndrome (although fenofibrate was 

more effective in patients without versus with prior cardio-
vascular disease, and in younger (<65 years) than older 
patients).18 However, a separate post-hoc analysis sug-
gested that fenofibrate reduced the incidence of cardiovas-
cular event rates in patients with features of the metabolic 
syndrome, particularly in patients with hypertension, or 
with hypertriglyceridaemia with or without low HDL cho-
lesterol.22 A further post-hoc analysis demonstrated signifi-
cant reductions for fenofibrate versus placebo in the risk of 
myocardial infarction or other cardiovascular events.23

Microvascular outcomes in FIELD. The principal microvascu-
lar endpoint in the main analysis of FIELD was the inci-
dence of laser treatment for diabetic retinopathy.18 In the 
main study analysis, laser treatment for retinopathy was 
needed by more patients randomised to placebo compared 
with fenofibrate (253/4,900 vs. 178/4,895; difference 
between groups 1.6%, p=0.0003). Further data from the 
overall population, and the results of the ophthalmology 
sub-study, were presented separately.19 For all patients, ran-
domisation to fenofibrate was associated with a signifi-
cantly reduced need for first or any laser treatment for 
retinopathy, with larger benefits observed for patients with-
out retinopathy at baseline (Figure 3a), where reductions in 
the need for first laser treatment (by 39%) and for any laser 

Figure 3. Effects of fenofibrate on retinopathy outcomes in the FIELD study.

a) Laser treatment for retinopathy in the overall population of 
the FIELD study (9,795 patients).
aWithout macular involvement. Numbers of patients: 4,900 patients were 
randomised to placebo and 4,895 to fenofibrate. Numbers of patients 
with events (placebo/fenofibrate) were as follows. First laser treatment 
(percent with event) – all patients 4.9%/3.4%; no prior retinopathy 
2.8%/1.7%; prior retinopathy 27.6%/21.6%. Any laser treatment (numbers 
of events) – all patients (535/337); no prior retinopathy (257/131); prior 
retinopathy (278/206); maculopathy (342/218); proliferative retinopathy 
(193/119). The p-values for interaction according to no or prior 
retinopathy were 0.3 for first events and 0.1 for all events. Drawn from 
data presented by Keech et al.19

b) Outcomes related to diabetic eye disease in the FIELD 
ophthalmology sub-study (1,012 patients).
aComposite of 2-step progression of retinopathy grade (Early Treatment 
Diabetic Retinopathy Study [EDTRS] scale), macular oedema or laser 
treatment; blaser treatment for retinopathy; ctwo or more steps on 
the EDTRS scale (sub-study primary endpoint); dalso p=0.019 for the 
interaction between treatment effects in patients with and without prior 
retinopathy. The analysis included 500 patients randomised to placebo 
and 512 patients randomised to fenofibrate. Statistically significant p 
values only are shown for clarity. Drawn from data presented by Keech 
et al.19 Some outcomes not significantly affected by fenofibrate have 
been omitted for clarity.
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treatment (by 49%) were observed. There were also signifi-
cant benefits associated with fenofibrate for first or any 
laser treatment for maculopathy or for proliferative retin-
opathy without macular involvement. The ophthalmology 
sub-study also demonstrated the reduced need of laser 
treatment for retinopathy, described above. In this analysis, 
the progression of diabetic retinopathy was reduced signifi-
cantly in patients with, but not without, retinopathy at base-
line. Fenofibrate also improved a composite endpoint of 
outcomes related to retinopathy (Figure 3b).

A total of 190 non-traumatic, diabetes-related amputa-
tions occurred in the FIELD study (73 in the fenofibrate 
group and 117 in the placebo group, Table 2).24 Patients 
with incident non-traumatic amputations during the study 
were, on average, more likely to have prior microvascular 
disease (retinopathy, nephropathy or neuropathy), cardio-
vascular disease, previous non-traumatic amputation or 
skin ulcer, or more severe diabetes (longer diabetes dura-
tion, poorer glycaemic control and more use of insulin), 
and were more likely to be smokers. Differences in mean 
lipid parameters in patients with or without amputations at 
study end were statistically significant but unlikely to be of 
clinical relevance (-0.13 mmol/L for LDL cholesterol, 
0.01 mmol/L for HDL cholesterol, and -0.05 mmol/L for 
triglycerides (negative values indicate larger mean values 
in the non-amputation group)).

Data on amputation rates in FIELD are summarised in 
Table 2. Randomisation to fenofibrate was associated with 
a reduced risk versus placebo of any amputation, whether 
or not multiple amputations in individual patients were 
considered (risk reduction 37%, p=0.04), any minor ampu-
tation as a first event (risk reduction 46%, p=0.007), or any 
first minor amputation in patients without large vessel dis-
ease (risk reduction 47%, p=0.027). The effect of fenofi-
brate on the incidence of amputations did not differ 
according to glycaemic control (cut-off value HbA1c 7.0%), 
lipid levels (HDL cholesterol (cut-off 1.03 mmol/L for men 
and 1.29 mmol/L for women) or triglycerides (cut-off 
1.7 mmol/L)), or use versus no use of angiotensin 

converting enzyme inhibitors/angiotensin II receptor block-
ers at baseline.

In addition, 10% of the fenofibrate group and 11% of the 
placebo group progressed from normoalbuminuria to 
microalbuminuria, or from microalbuminuria to mac-
roalbuminuria, with 8% and 9%, respectively, moving from 
a higher to lower category of albumin excretion.18 A com-
bined analysis of patients with progression or regression of 
albuminuria status revealed a significant excess of patients 
moving to a lower category of albumin excretion associated 
with fenofibrate (2.6% relative to placebo; p=0.002). 
However, by contrast, an additional sub-study of FIELD 
showed that fenofibrate decreased estimated glomerular fil-
tration rate (eGFR) and creatinine clearance, and increased 
cystatin C levels relative to placebo.25 In a recent assess-
ment of fenofibrate’s renal effects overall and in a FIELD 
washout sub-study, reduced albuminuria and a slower 
eGFR loss over 5 years were observed, suggesting that 
fenofibrate may delay albuminuria and GFR impairment in 
patients with type 2 diabetes despite initially and reversibly 
increasing plasma creatinine.26

Fenofibrate and microvascular outcomes in ACCORD.  
Fenofibrate did not influence any macrovascular endpoint 
in the ACCORD lipid study.20 However, in a predefined 
subgroup analysis of patients with atherogenic dyslipidae-
mia at baseline (HDL cholesterol ≤0.88 mmol/L and trig-
lycerides ≥2.3 mmol/L), the incidence of the primary 
outcome was 12.4% on fenofibrate and 17.3% on placebo 
(p=0.06 for interaction). Whether other baseline character-
istics of this subgroup may explain this difference has yet to 
be evaluated. Similarly, subgroup analyses suggesting 
potential benefit in men but not women (p=0.0106 for inter-
action), and in White versus non-White patients (p=0.0877) 
merit further investigation.20

This main lipid trial analysis did not describe microvas-
cular outcomes in the whole cohort.20 However, the primary 
endpoint of the ACCORD Eye sub-study was a composite 
or progression of diabetic retinopathy (≥3 steps on the 

Table 2. Non-traumatic, diabetes-related lower-limb amputations in the FIELDstudy.24

Fenofibrate  
(n=4,895)

Placebo  
(n=4,900)

Hazard ratio 
(95% CI)

p

Patients with a first amputation
Any (% patients) 0.9 1.4 0.64 (0.44–0.94) 0.02
Minor (% patients) 0.6 1.1 0.54 (0.34–0.85) 0.007
Minor, no large vessel disease (% patients) 0.4 0.7 0.53 (0.30–0.94) 0.027
Major (% patients) 0.5 0.5 0.93 (0.53–1.62) 0.79
All, with large vessel disease  (% patients) 0.7 0.9 0.81 (0.52–1.28) 0.37

Total number of amputations (including patients with more than one amputation)
Number of amputations 73 117 0.63 (0.40–0.97) 0.04
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Early Treatment Diabetic Retinopathy Study (ETDRS) 
Severity Scale) or proliferative diabetic retinopathy requir-
ing laser treatment or vitrectomy.13 Fenofibrate (relative to 
placebo) and intensive glycaemic control (relative to stand-
ard control) reduced the risk of progression of diabetic 
retinopathy by a similar magnitude (Figure 4). Neither 
intensive glycaemic management nor fenofibrate affected 
moderate vision loss, and intensive versus standard antihy-
pertensive therapy did not influence either outcome 
significantly.

Analysis of laboratory values in ACCORD revealed a 
significantly lower incidence of microalbuminuria in the 
fenofibrate group (38.2% vs. 41.6% for placebo; p=0.01), 
and macroalbuminuria (10.3% vs. 12.5%; p=0.03).20 As in 
FIELD, serum creatinine increased on fenofibrate (from 
82 µmol/L to 97 µmol/L in the first year, with little subse-
quent change), with an increase on placebo of 82 µmol/L to 
92 µmol/L during the course of the study.

Tolerability and safety of fenofibrate. Fenofibrate was gener-
ally well tolerated in either trial. In FIELD there was a 
small but statistically significant excess for fenofibrate ver-
sus placebo of pancreatitis (0·5% vs. 0·8%; p=0·03) and 
pulmonary embolism (1.4% vs. 0.7%; p=0·022),18 although 
these findings were not reproduced in ACCORD. There 
were no other differences between fenofibrate and placebo 
for tolerability/safety outcomes except a trend towards a 
higher incidence of deep vein thrombosis in the fenofibrate 
group (1.0% vs. 1.4%, p=0.07). A modest elevation of 
plasma creatinine with fenofibrate was observed in both 
studies, as has been described previously.27,28 Decreased 

eGFR in ACCORD led to more patients discontinuing 
fenofibrate (2.4% vs. 1.2% on placebo), or continuing with 
a reduced dose (16% vs. 7%). However, it should be noted 
that the incidence of albuminuria was lower on fenofibrate 
relative to placebo (see above).

Mechanisms and implications

The original publication of the FIELD study in 200518 
raised an interesting clinical hypothesis regarding the 
effects of fenofibrate on a clinically important diabetic 
complication: the need for laser treatment for diabetic retin-
opathy. Two years later, the publication of the ophthalmol-
ogy sub-study of FIELD19 strengthened these earlier 
findings. The progression of diabetic retinopathy was a pri-
mary endpoint of the ACCORD Eye study,13 so that the 
potential of fenofibrate to reduce the risk of retinopathy in 
patients with type 2 diabetes must now be considered clini-
cally proven. Data from the ACCORD Eye study, while 
establishing the magnitude of residual vascular risk of 
retinopathy, clearly demonstrate that a sizeable component 
of that risk can be beneficially impacted with fenofibrate in 
patients benefiting from current standards of care.

Contrary to macrovascular outcomes, the microvascular 
benefits of fenofibrate were observed regardless of baseline 
non-LDL cholesterol levels, extending to patients with or 
without atherogenic dyslipidaemia, and regardless of 
whether patients were in primary or secondary microvascu-
lar prevention. That fenofibrate impacts microvascular 
residual risk whatever baseline HDL cholesterol and/or 
triglyceride levels in patients with type 2 diabetes is 

Figure 4. Main outcomes from the ACCORD Eye sub-study.13

aAt least 3 steps on the EDTRS Severity scale;
bloss of visual acuity (Snellen chart) by at least three lines in either eye.
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reminiscent, on the microvascular side, of the beneficial 
effects of statins on macrovascular complications, observed 
in patients in primary or secondary cardiovascular preven-
tion whatever the baseline LDL cholesterol levels. 
Fenofibrate may thus be worth considering as emerging 
adjunctive therapy for type 2 diabetes patients at high 
microangiopathy risk, including those who do not attain 
glycaemic goals, according to serial HbA1c measurements, 
while receiving current standards of care.

Some caveats apply in general to the measurement of 
intermediate endpoints with regard to clinical outcomes, 
however. For example, the increased risk of retinopathy in 
diabetes, and its dependence on the quality of glycaemic 
control are firmly evidence based, as described above. 
However, measurements of retinopathy using retinal imag-
ing do not necessarily parallel measurements of vision loss, 
as can be seen in Figure 4. Similarly, definitive trial data are 
lacking to support a role of measurements of eGFR or, 
especially, albumin excretion to track changes in long-term 
prognosis.29,30 Nevertheless, these intermediate measure-
ments of retinopathy or renal dysfunction are valuable in 
identifying patients who might benefit from early, targeted 
intervention to reduce their risk of progression of diabetic 
complications.

Cardiovascular benefits in previous outcomes trials 
with fibric acid derivatives have been associated signifi-
cantly with changes in non-LDL cholesterol lipid levels, 
principally HDL cholesterol or triglycerides.31-33 The inter-
pretation of effects on lipids was difficult to interpret in 
FIELD due to increasing use of statins throughout the trial, 
although improvements in the lipid profile were observed 
in patients who were dyslipidaemic at baseline or who did 
not start a statin. Significant improvements in total choles-
terol, HDL cholesterol and triglycerides were observed 
relative to placebo at study end in ACCORD. Other mecha-
nisms may have contributed to the outcomes benefits 
observed for fenofibrate, however. Treatment with fenofi-
brate has been shown to improve microcirculatory function 
in a previous clinical study in dyslipidaemic patients, 
accompanied by decreased circulating levels of fibrino-
gen.34 Fenofibrate has also been shown to improve endothe-
lial function in patients with type 2 diabetes35 (although 
another study demonstrated no effect on type 2 diabetes 
patients with near-normal lipid levels36), and an anti-
inflammatory effect has been demonstrated in patients with 
hypercholesterolaemia.37 Finally, an anti-inflammatory and 
anti-apoptotic effect of fenofibrate, associated with activa-
tion of the cellular energy sensor, AMP-activated protein 
kinase, has been demonstrated in vitro on cultured human 
glomerular38 or retinal39 microvascular endothelial cells. 
Alternatively, activation of PPARα, the mechanism of 
action of fibric acid derivatives such as fenofibrate, modu-
lates angiogenesis through a mechanism dependent on 

vascular endothelial growth factor; these actions may be of 
particular relevance to the effects of fenofibrate on retin-
opathy progression, although they are complex and both 
inhibition and enhancement of neoangiogenesis have been 
reported.40-42 Actions arising via PPARα activation are 
likely to be shared between fibric acid derivatives. It is 
unclear, however, whether all fibric acid derivates share all 
of the potential mechanisms described above. Overall, it 
appears that anti-inflammatory and anti-apoptotic mecha-
nisms may have contributed to the microvascular protec-
tion afforded by fenofibrate in the FIELD and ACCORD 
studies, especially in the setting of dyslipidaemia.43

Conclusions

Microvascular complications are common among the type 
2 diabetic population, and a substantial burden of microv-
ascular disease remains even after intensive management of 
glycaemia, BP and cholesterol. Two large, randomised, 
placebo-controlled trials, the FIELD and ACCORD stud-
ies, have shown that treatment with fenofibrate afforded 
statistically and clinically significant reductions in the risk 
of retinopathy and lower-limb amputation, which are major 
microvascular complications of type 2 diabetes.

Key points

•• Intensified management of glycaemia and blood pressure 
has had little effect on microvascular complication rates 
in recent large trials.

•• Data from the FIELD study have demonstrated significant 
reductions for fenofibrate versus placebo in the need for 
laser treatment for retinopathy in patients with type 2 
diabetes.

•• Other analyses from FIELD showed that fenofibrate ver-
sus placebo reduced the risk of albuminuria and non-
traumatic, diabetes-related amputations.

•• In the large, randomised ACCORD study, treatment with 
fenofibrate reduced the incidence of albuminuria com-
pared with placebo. ACCORD Eye also showed reduction 
in progression of diabetic retinopathy for fenofibrate ver-
sus placebo.

•• In both FIELD and ACCORD, fenofibrate treatment was 
associated with an increase in serum creatinine, shown to 
be reversible in a FIELD washout sub-study.

•• The reductions in the risk of type 2 diabetes-related 
retinopathy and risk of amputation with fenofibrate were 
apparently independent of effects on lipid parameters, and 
suggest a place for fenofibrate in the management of 
residual microvascular risk in type 2 diabetes.
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