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Diabetic nephropathy : epidemiology

 34-40% of patients with diabetes mellitus (DM) have chronic
kidney disease (albuminuria or impaired kidney function)

 3.3% of adults in US has diabetic nephropathy – in subjects
> 65 years-old, 10.7% has diabetic nephropathy
 44% of patients undergoing dialysis in the US have DM
National Diabetes Fact Sheet, 2011
2012 USRDS Annual Report
JAMA 2011;305:2532-9

Diabetic nephropathy and cardiovascular risk
 Prospective study in the general population (n = 1,268,029)
followed-up for 4 years

Lancet 2012;380:807-14

Diabetic nephropathy and triglycerides:
Observational studies
 Several studies in patients with both type 1 and type 2 DM
suggested that elevated triglyceride levels are associated with
increased risk for development of albuminuria and for decline
in renal function
Diabetes Care 2016;39:2278-87
Diabetes Care 2006;29:317-22

Diabetic nephropathy and triglycerides:
Clinical studies (I)
 In the Diabetes Atherosclerosis Intervention Study (n = 314
patients with type 2 DM), treatment with fenofibrate for 38
months reduced the worsening of albumin excretion and
reduced the incidence of new-onset microalbuminuria
 Changes in albumin excretion were independent of changes in
lipid levels
Am J Kidney Dis 2005;45:485-93

Diabetic nephropathy and triglycerides:
Clinical studies (II)
 In the FIELD trial (n = 9.795 patients with type 2 DM),
patients who received fenofibrate experienced an increase in
serum creatinine levels by 0.11 mg/dl more than patients
treated with placebo but the decline of glomerular filtration
rate during the study was slower in patients treated with
fenofibrate (by 0.8 ml/min/1.73m2 annually compared with
placebo) during a follow-up of 5 years
 Fenofibrate also reduced urine albumin excretion by 14%
more than placebo
Diabetologia 2011;54:280-90

Diabetic nephropathy and triglycerides:
Clinical studies (III)
 In the ACCORD trial (n = 5.518 patients with type 2 DM),
patients who received fenofibrate combined with simvastatin
experienced an increase in serum creatinine levels by 0.06
mg/dl more than patients treated with simvastatin
monotherapy during a follow-up of 4.7 years
 On the other hand, fenofibrate reduced the incidence of both
new-onset microalbuminuria and new-onset
macroalbuminuria by 10%
N Engl J Med 2010;362:1563-74

Effects of fibrates on renal function
 Fibrates (except gemfibrozil) increase serum creatinine levels
 The cause of this increase is unclear but might be due to
increased muscle production and/or reduced tubular secretion
of creatinine and therefore might not represent impairment of
renal function
 However, it has also been suggested that this increase in
creatinine levels is due to decreased renal production of
vasodilating prostaglandins leading to reduced renal perfusion
and reduced glomerular filtration
 The increase is reversible upon treatment discontinuation
Curr Atheroscler Rep 2009;11:338-42
Diabetologia 2011;54:280-90

Effects of omega-3 fatty acids in patients with nephropathy
 In a recent study in 262 patients with type 2 DM, treatment with
omega-3 fatty acids for 1 year prevented the increase in
albuminuria
J Am Heart Assoc 2017;6:e004740
 In another recent study in 344 patients with type 2 DMI,
treatment with omega-3 fatty acids for a median of 1.4 years
reduced albuminuria and prevented the decline in renal
function
PLoS One 2016;11:e0154683

Safety of triglyceride-lowering agents in diabetic
nephropathy
 Fenofibrate is contraindicated in patients with glomerular
filtration rate < 60 ml/min/1.73m2

 In patients with glomerular filtration rate 15-60 ml/min/1,73m2,
gemfibrozil can be administered at a reduced dose (600 mg once
daily) but the combination of statins with gemfibrozil increases
the risk of rhabdomyolysis and should be avoided
 Omega-3 fatty acids can be administered in all stages of diabetic
nephropathy without a need for dose adjustment
Atherosclerosis 2016;253:281-344

Effects of omega-3 fatty acids in end-stage renal disease
 In an early study in 206 patients undergoing dialysis (24% with
type 2 DM), treatment with omega-3 fatty acids (2 g/day) for 2
years did not reduce cardiovascular morbidity compared with
placebo
Clin J Am Soc Nephrol 2006;1:780-6
 In contrast, in a more recent study in 201 patients undergoing
dialysis (53% with type 2 DM), treatment with omega-3 fatty
acids (4 g/day) for 1 year reduced cardiovascular events
compared with placebo

JAMA 2012;307:1809-16

Diabetic retinopathy : epidemiology

 Diabetic retinopathy affects 27-40% of patients with DM
Diabetes Care 2012; 35: 556-564

 Diabetic retinopathy is the leading cause of blindness in
working-aged adults

Arch Ophthalmol 2004; 122: 477-485

 Even though the incidence of diabetic retinopathy has declined
in the last decades, its prevalence increased and is expected to
rise further as a result of the increasing incidence of type 2 DM
and the longer life expectancy of patients with DM
Diabetes 2010; 59: 1853-1860
Ophthalmology 2010; 117: 63-70

Diabetic retinopathy and triglycerides:
Observational studies
 In the Diabetes Control and Complications Trial/Epidemiology
of Diabetes Interventions and Complications Study (n = 988
patients with type 1 DM) and in the Early Treatment Diabetic
Retinopathy Study ( n = 3,711 patients with type 2 DM), the
severity of retinopathy was positively associated with
triglyceride levels
Invest Ophthalmol Vis Sci 2004; 45: 910-918
Invest Ophthalmol Vis Sci 1998; 39: 233-252

 In contrast, triglyceride levels do not appear to predict the
progression of retinopathy in patients with type 1 DM
Am J Med 1999; 107: 45-51

Diabetic retinopathy and triglycerides:
Preclinical studies
 Fenofibrate prevents the apoptosis of retinal endothelial cells
and of retinal pigment epithelial cells
Exp Eye Res 2007; 84: 886-893
J Cell Physiol 2012; 227: 2352-2362

 Fenofibrate also reduces retinal vascular permeability by
exerting antiinflammatory effects and by suppressing the
upregulation of fibronectin and collagen IV in the basal
membrane of retinal capillaries
Invest Ophthalmol Vis Sci 2011; 52: 6348-6354
Exp Eye Res 2015; 140: 124-129

 Fenofibrate induces endothelium-dependent, nitric oxidemediated vasodilation in retinal arteries
Invest Ophthalmol Vis Sci 2012; 53: 2880-2886

Diabetic retinopathy and triglycerides:
Clinical studies (I)
 In the FIELD trial (n = 9.795 patients with type 2 DM,
treatment with fenofibrate for 5 years reduced the need for laser
photocoagulation by 31% (p = 0.002) compared with placebo
 Fenofibrate also reduced the risk of progression of retinopathy
by 79% (p = 0.004)

 It was estimated that 17 patients with retinopathy had to be
treated with fenofibrate for 5 years to prevent one laser
treatment

Lancet 2007; 370: 1687-1697

Diabetic retinopathy and triglycerides:
Clinical studies (II)
 Interestingly, these benefits were apparent within 8 months of
initiation of fenofibrate treatment, suggesting that other
mechanisms than lipid-lowering might be implicated
 However, fenofibrate had no effect on the development of
retinopathy in patients without retinopathy at baseline

 Moreover, fenofibrate did not prevent the deterioration of
visual acuity

Lancet 2007; 370: 1687-1697

Diabetic retinopathy and triglycerides:
Clinical studies (III)
 In the ACCORD Eye study (n = 2,856 patients with type 2
DM), treatment with fenofibrate for 4 years reduced the rate of
progression of retinopathy by 40% (p=0.006) compared with
placebo
 However, fenofibrate did not affect the occurrence of moderate
vision loss
N Engl J Med 2010; 363: 233-244

 Fenofibrate is currently licensed in some countries for the
management of diabetic retinopathy

Diabetic retinopathy and triglycerides:
The role of omega-3 fatty acids
 In an early study, administration of omega-3 fatty acids to
streptozotocin-induced diabetic rats did not affect pericyte loss
and increased the formation of acellular, occluded capillaries
in the retina

Diabetologia 1996; 39: 251-255

 However, in more recent animal studies, treatment with
omega-3 fatty acids preserved retinal function
Nutr Diabetes 2012; 2: e36
Invest Ophthalmol Vis Sci 2010; 51: 1755-1764

 However, there are no studies that evaluated the effects of
omega-3 fatty acids on diabetic retinopathy in humans

Diabetic neuropathy and triglycerides:
Observational studies
 Several studies in both patients with type 1 and type 2 DM
suggested that elevated triglyceride levels are associated with
increased risk for development of peripheral and autonomic
neuropathy
Diabetes Care 2017;40:1226-32
Diabetes Care 2013;36:157-62

Diabetic neuropathy and triglycerides:
Preclinical studies
 In db/db mice, fenofibrate treatment ameliorated neural and
endothelial damage by activating the PPARα-AMPK-PGC-1αeNOS pathway
 Similar effects were observed in vitro in human umbilical vein
endothelial cells and human Schwann cells in high-glucose
media

PLoS One 2014;9:e83204

Diabetic neuropathy and triglycerides:
Clinical studies (I)
 In the Fremantle Diabetes Study (1,237 patients with type 2
DM), the use of fenofibrate was independently associated with
70% lower risk for prevalent peripheral neuropathy
 Moreover, in the prospective cohort of the same study (531
patients with type 2 DM followed-up for 5 years), treatment
with fenofibrate reduced the risk of incident peripheral
neuropathy by 48%
Diabetologia 2008;51:562-6

Diabetic neuropathy and triglycerides:
Clinical studies (II)
 In the FIELD trial, fenofibrate reduced the risk of first
amputation by 36% and the risk of minor amputation without
known large-vessel disease by 47%
 These effects appeared to be independent of changes in the
lipid profile

 However, fenofibrate had no effect on the incidence of major
amputations
Lancet 2009;373:1780-8

Diabetic neuropathy and triglycerides:
Clinical studies (III)
 In an early study in patients with type 2 DM, treatment with
eicosapentaenoic acid for 48 weeks improved clinical
symptoms (coldness, numbness) and the vibration perception
threshold sense of the lower extremities
J Diabetes Complications 1996;10:280-7

 In a pilot study in 40 patients with type 1 DM, treatment with
omega-3 fatty acids for 1 year increased corneal nerve fiber
length but did not affect sensory function or nerve conduction
Neurology 2017;88:2294-301

 In another study in 24 patients with type 2 DM, treatment with
omega-3 fatty acids for 6 months improved autonomic
neuropathy
Nutr Metab Cardiovasc Dis 2007;17:712-8

Lipid targets in patients with diabetes mellitus
 In all patients with DM, the primary target of lipid-lowering
treatment is LDL cholesterol and the agent of choice to achieve
this target is statins
 The only exception is patients with triglyceride levels > 440-500
mg/dl, in whom the primary target is to reduce triglyceride
levels to prevent acute pancreatitis and the agent of choice is
fibrates
Atherosclerosis 2016;253:281-344

LDL-C targets in patients with DM
 Patients with target organ damage (e.g. albuminuria) or with
one or more additional major cardiovascular risk factors (e.g.
smoking, hypertension)
 LDL-C < 70 mg/dl or in patients with LDL-C levels between
70-135 mg/dl, LDL-C reduction > 50%
 Patients without target organ damage and without other major
cardiovascular risk factors
 LDL-C < 100 mg/dl or in patients with LDL-C levels
between 70-135 mg/dl, LDL-C reduction > 50%

Atherosclerosis 2016;253:281-344

Timing of administration of a statin

 In all patients with DM and LDL-C levels higher than the target,
statins should be administered immediately, in combination with
lifestyle changes

Atherosclerosis 2016;253:281-344

 The only statins that can reduce LDL-C levels by > 50% are
atorvastatin 40-80 mg (up to 53%) and rosuvastatin 20-40 mg
(up to 59%)
Am J Cardiol 2010;105:69-76

Triglycerides as targets of lipid-lowering treatment

 In patients with triglyceride levels > 200 mg/dl after reaching
LDL-C targets with the administration of a potent statin at high
doses, the secondary target of lipid-lowering treatment is nonHDL cholesterol
 non-HDL cholesterol = total cholesterol – HDL
 non-HDL-C target = LDL-C target + 30 mg/dl
Atherosclerosis 2016;253:281-344

Fibrates and macrovascular complications (I)
 ACCORD trial
 n = 5,518 patients with DM
treated with simvastatin 20-40
mg (64% without established
cardiovascular disease)
 LDL-C : 100 mg/dl
 HDL-C : 38 mg/dl
 TG : 162 mg/dl
 Fenofibrate 160 mg or placebo
for 4.7 years

N Engl J Med 2010;362:1563-74

Fibrates and macrovascular complications (II)
 Patients (n = 941) with elevated triglyceride levels (≥ 204 mg/dl) and
low HDL-C levels (≤ 34 mg/dl) had:
 70% higher cardiovascular risk
 31% reduction in cardiovascular events during treatment with
fenofibrate

N Engl J Med 2010;362:1563-74

Safety of the combination of fibrates and statins

 In the ACCORD trial, the incidence of increases in transaminase
levels > 3 times the upper limit of normal (1.5% and 1.9%,
respectively) and of increases in CPK levels > 10 times the upper
limit of normal (0.3% and 0.4%, respectively) was similar in
patients who received simvastatin combined with fenofibrate and
in those who were treated with simvastatin monotherapy
N Engl J Med 2010;362:1563-74

 In contrast, the combination of statins with gemfibrozil increases
the risk of rhabdomyolysis and should be avoided
Atherosclerosis 2016;253:281-344

Effects of omega-3 fatty acids on cardiovascular events
 JELIS study [n = 18,615 patients
with hypercholesterolemia
(19.6% with established
cardiovascular disease)]

 LDL-C : 182 mg/dl
 HDL-C : 58 mg/dl
 TG : 150 mg/dl
 Eicosapentanoic acid 1800
mg/day combined with a statin or
statin monotherapy for 4.6 years

Lancet 2007;369:1090-8

Conclusions
 Epidemiological data suggest that triglycerides might be
implicated in the pathogenesis of all microvascular
complications of DM
 Clinical studies also suggest that reduction of triglyceride
levels with either fibrates or omega-3 fatty acids might prevent
or improve these complications
 However, other mechanisms might also be implicated in these
beneficial effects of fibrates and omega-3 fatty acids
 More importantly, the effects of reduction of triglyceride levels
on the macrovascular complications of DM are unclear

