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ABSTRACT

Background Fenofibrate has been used for the management of atherogenic dyslipidaemia for many years.
Reports of fenofibrate-associated increases in serum creatinine (SCr) levels raised concerns regarding delete-
rious effects on renal function.

Design In this narrative review, we discuss available literature on the effect of fenofibrate on the kidney.

Results Most clinical studies showed a rapid (within weeks) raising effect of fenofibrate on SCr levels. This was
often accompanied by declined estimated glomerular filtration rate. Risk predictors of this adverse effect might
include increased age, impaired renal function and high-dose treatment. Also, the concomitant use of medi-
cations affecting renal hemodynamics (e.g. angiotensin-converting enzyme-inhibitors (ACEi) and angiotensin
receptor blockers) may predispose to fenofibrate-associated increased SCr levels. Interestingly, SCr increases
by fenofibrate were transient and reversible even without treatment discontinuation. Furthermore, fenofibrate
was associated with a slower progression of renal function impairment and albuminuria in a long-term basis.
Also, fenofibrate might be protective against pathological changes in diabetic nephropathy and hypertensive
glomerulosclerosis. In this context, it is uncertain whether fenofibrate-associated increase in SCr levels mirrors
true renal function deterioration. Several theories have been expressed. The most dominant one involved the
inhibition of renal vasodilatory prostaglandins reducing renal plasma flow and glomerular pressure. Increased

should be settled by further studies.

creatinine.
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creatinine secretion or reduced creatinine clearance by fenofibrate was also suggested. These hypotheses

Conclusions Fenofibrate may not be a nephrotoxic drug. However, a close monitoring of SCr levels is relevant
especially in high-risk patients. Increases in SCr levels >30% can impose treatment discontinuation.
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Introduction

Interest is increasing regarding the relationship between
dyslipidaemia, cardiovascular (CV) disease and chronic kid-
ney disease (CKD) [1,2]. CV disease comprises the major cause
of morbidity and mortality in CKD [3,4]. This may be attrib-
uted to a frequent coexistence of CKD with established vas-
cular risk factors (e.g. hypertension, diabetes, dyslipidaemia)
[5]. Reduced estimated glomerular filtration rate (eGFR)

(< 60 mL/min/1-73 m?) is currently considered a coronary
heart disease equivalent [6]. Interestingly, even micro-
albuminuria in the absence of apparent renal function deteri-
oration may be a predictor of CV morbidity and mortality
[7,8]. In this context, an aggressive low-density lipoprotein
cholesterol (LDL-C) lowering < 70 mg/dL is recommended
for patients with CKDI6].

Dyslipidaemia and chronic kidney disease

Dyslipidaemia and renal injury (lipotoxicity)
Dyslipidaemia spans CKD and CV disease as it predisposes
for both conditions [9,10]. It has been suggested that dyslip-
idaemia damages the kidney in a manner similar to athero-
sclerosis [10]. Lipid deposition in the kidney, except for direct
glomerular injury (lipotoxicity), may trigger glomerular
mesangial cell activation and proliferation [10]. This leads to
chemokine production promoting monocyte recruitment in the
mesangium and transformation into resident macrophages
[9,10]. The latter ingests lipids and turn into foam cells pro-
ducing growth and chemotactic factors [9,10]. These further
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stimulate cell proliferation and enhance the migration of more
monocytes into the mesangium [9,10]. Diffuse inflammation,
together with increased production of profibrotic mediators by
activated mesangial cells, results in renal fibrosis [9,10].
Moreover, activated mesangial cells, foam cells and macro-
phages produce reactive oxygen species (ROS), which con-
tribute to the oxidative alteration of low-density lipoproteins
(LDL) [9,10]. Oxidized LDL have deleterious effects on kidney
tissue, as they promote further monocyte recruitment,
mesangial cell cytotoxicity and proliferation and endothelial
dysfunction [9-11].

Dyslipidaemia in chronic kidney disease

Lipoprotein abnormalities are common in patients with CKD
[12]. Hypertriglyceridemia either fasting or postprandial is
frequent[12]. This might be associated with defective removal
of triglyceride-rich lipoproteins (i.e. very LDL, chylomicrons
and their remnants) from the circulation [12]. The excess of
these lipoproteins together with enhanced activity of choles-
terol ester transfer protein may account for high-density lipo-
protein cholesterol (HDL-C) levels [12]. Total cholesterol (TC)
and LDL-C levels may be normal, reduced or increased[12].
The presence of nephrotic range proteinuria predicts elevated
LDL-C levels through defective catabolism via the LDL recep-
tor [12]. Interestingly, predominance of small dense LDL
(sdLDL) particles is noted in CKD [12]. These are highly ath-
erogenic as they easily penetrate the vessel wall undergoing
oxidative modification [13].

Lipid-lowering drugs and the kidney

Statins are the most widely used evidence-based drugs for the
management of dyslipidaemia and to reduce the risk of CV
events [14]. It is well established that statins can preserve renal
function and reduce proteinuria [9,15]. Vascular benefits of
statins are relevant in patients with CKD [16]. However, it is
uncertain whether these benefits apply to patients undergoing
dialysis [17,18]. The main lipid ‘target’ of statins is LDL-C levels
[19]. Interestingly, a considerable vascular risk still exists in
patients achieving LDL-C targets (the so-called residual risk)
[19]. This may be associated with the atherogenic lipid profile
resembling that of CKD [13,19]. The capacity of statins to cor-
rect atherogenic dyslipidaemia is modest and dependent on
baseline triglycerides levels [20].

In contrast, fibrates as monotherapy or combined with statins
are useful in the management of atherogenic dyslipidaemia [6].
However, fibrate + statin combination should be used with
caution, especially in patients with CKD, considered as high
risk for muscle-related toxicity [21-23]. This may be attributed
to reduced clearance resulting in accumulation of these drugs
in the circulation [21,23]. Although less effective in lowering
LDL-C levels, these drugs can further reduce triglycerides,

while raising HDL-C levels and LDL particle size [24]. Their
hypolipidemic action is attributed to activation of the peroxi-
some proliferator-activated receptors (PPAR), particularly
PPARa [25].

Fenofibrate is one of the most used fibrates [26]. This is
attributed to its lipid-lowering capacity and relatively good
safety profile [26,27]. Furthermore, this drug can be easily
combined with statins [26]. It was suggested that fenofibrate
can improve atherosclerosis-related variables beyond its hyp-
olipidemic effects [26,28]. However, its efficacy in reducing the
risk of CV events is currently debated [29,30].

To date, the effect of fibrates, including fenofibrate, on the
kidney is controversial. Clinical concerns were raised by
increases in serum creatinine (SCr) levels early after fibrate
initiation. A recent population-based study included 80 453
patients with a new prescription of ezetimibe or fibrates (91%
on fenofibrate) [31]. In the first 90 days of treatment, fibrate use
was associated with a 2-4-fold risk of hospitalization due to
increased SCr levels compared with ezetimibe [31]. Increases in
SCr levels > 50% were noted in 9-1% of fibrate users [31].
However, initial increases in SCr levels are transient and often
normalize while on treatment [29,32]. Furthermore, experi-
mental data suggested various renoprotective effects of fibrates
against several types of nephropathy [33-35].

In this narrative review, we discuss the effect of fenofibrate
on the kidney.

Patients with diabetes — diabetic nephropathy

Chronic kidney disease associated with type 2 diabetes
(T2DM), the so-called diabetic nephropathy, increases overall
and CV mortality [36]. This abnormality affects approximately
20-40% of patients with diabetes [36,37]. T2DM is the leading
cause of end-stage renal disease requiring dialysis [38].
Dyslipidaemia of T2DM has a similar pattern with that asso-
ciated with CKD and appears to independently predict the
development and progression of diabetic nephropathy [39].
Fenofibrate may improve diabetic dyslipidaemia by ameliorat-
ing diabetes-associated lipoprotein abnormalities [29,40].

Mechanistic implications

Diabetic nephropathy is a glomerulopathy defined by char-
acteristic structural and functional changes [37]. These
include podocyte effacement with decreasing number of
podocytes together with mesangial cell expansion followed
by thickening of the glomerular and tubular basement
membrane, tubulointerstitial inflammation and, eventually,
fibrosis [37]. Tubular dilatation and atrophy also occur [41].
Hemodynamic changes contribute to the pathogenesis of
diabetic nephropathy through glomerular hyperperfusion and
hyperfiltration [37]. These abnormalities include the presence
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of hypertension and the activation of vasoactive systems,
including the renin-angiotensin-aldosterone (RAAS) and the
endothelin ones [37].

Metabolic abnormalities play a key role in the development
of diabetic nephropathy. Namely, hyperglycaemia triggers
mesangial expansion via increased matrix production or gly-
cosylation of matrix proteins [37]. Diabetic dyslipidaemia also
adversely affects renal function through lipotoxicity. PPARa is
implicated in metabolic pathways in T2DM [42]. Lacking of
PPARa can impair glycaemic control and raise free fatty acids
and triglycerides levels in diabetes [42]. These changes were
associated with accelerated renal disease characterized by
albuminuria, glomerular sclerosis and mesangial area expan-
sion [42]. Infiltration of glomeruli with macrophages, apoptosis
of glomerular cells as well as enhanced extracellular matrix
formation are possible pathological explanations [42].

On the other hand, PPARa agonism by fenofibrate can pre-
vent early pathological and clinical changes of diabetic
nephropathy [43]. This benefit may be partly attributed to
limited lipotoxicity and better glycaemic control through insu-
lin sensitization [44,45]. A recent experimental study suggested
a protective effect of low-dose fenofibrate pretreatment against
biochemical (raised SCr levels, blood urea nitrogen and
microalbuminuria) and histological changes (glomerular-
capsular wall distortion, mesangial expansion and tubular
damage) of diabetic nephropathy in streptozocin-induced
diabetic rats [46].

Besides beneficial metabolic effects, fenofibrate may inhibit
glomerular hypertrophy and mesangial expansion by various
mechanisms [45,47]. These include anti-proliferative effects
through reduced cyclin D1 expression [48]. Oxidative stress in
diabetic kidneys can also be decreased by this drug
[43,46,47,49]. Observations of decreased leucocyte adherence to
mesangial cells imply anti-inflammatory effects of fenofibrate
on kidney [34,42]. In this context, increased expression of
inflammatory mediators, including plasminogen-activator
inhibitor (PAID)-1, nuclear factor kappa B (NF-xB), monocyte
chemoattractant protein (MCP)-1 and intercellular adhesion
molecule (ICAM)-1, in diabetic kidneys was inhibited by
fenofibrate in vivo[34,50].

Importantly, these effects can prevent tubulointerstitial scar-
ring [34]. Various anti-fibrotic actions have also been attributed
to fenofibrate [33,45]. Namely, renal cortical fibrosis can be
prevented in vivo through suppressed expression of PAI-1,
which is supposed to inhibit extracellular matrix degradation
[33]. Experimental evidence suggested that fenofibrate reduces
type I and IV collagen production by mesangial cells [45,48] as
well as transforming growth factor 1 (TGFB1) overexpression
[33,34].

Fenofibrate may also protect against diabetic nephropathy
abnormalities via vasoactive pathways. It is known that

cyclooxygenase-2 (COX-2) and prostaglandins are overpro-
duced by mesangial cells and glomeruli of diabetic kidneys in
vivo [49]. These are associated with hyperfiltration in the early
stages of diabetic nephropathy [49]. Hyperglycaemia-related
enhanced oxidative stress may be the stimulus for this abnor-
mality in diabetic kidneys [49]. Fenofibrate alleviated increased
COX-2 and prostaglandin E, release by arachidonic acid, thus
preventing early increments in creatinine clearance in vivo and
from renal injury in hypertensive and diabetic animal models
[49,51]. In the later stages of diabetic nephropathy, PPARa
agonism by fenofibrate restored endothelial function by
increasing renal cytochrome (CYP) 450-derived eicosanoids
[48]. This effect was associated with reduced systolic blood
pressure and inhibition of glomerular hypertrophy in vivo [48].

Clinical data

The Fenofibrate Intervention and Event Lowering in Diabetes
study. This study included 9795 patients with type 2 diabetes
(T2DM) and/or not a history of vascular disease [29]. Patients
not on statins at study entry with TC 3-0-6-5 mm (116—

251 mg/dL), TC/HDL-C ratio > 4-0 or triglycerides levels 1-0
—5-0 mm (89442 mg/dL) were randomized to micronized fe-
nofibrate 200 mg/day or placebo [29]. No significant differ-
ences between groups were noted in glycaemic or blood
pressure control or concomitant medications [29]. Unsurpris-
ingly, fenofibrate was associated with more beneficial changes
in the serum lipid profile than placebo [29]. After 5 years,
fenofibrate was associated with decreased (by 11%) risk of
coronary events, which reached significance only for nonfatal
myocardial infarction (by 24%, P = 0-01) [29]. In contrast, a
nonsignificant increase (by 19%) in coronary mortality was
associated with fenofibrate [29]. Although vascular events
were reduced by fenofibrate (by 11%, P = 0-035), total mor-
tality was not significantly decreased compared with placebo
[29].

Fenofibrate similarly decreased the risk of CV events in all
subgroups of patients according to baseline renal function
(eGFR > 90 mL/min/1.73 m?, eGFR = 60-89 mL/min/

1.73 m* or eGFR = 30-59 mL/min/1.73 m? [52]. Risk reduc-
tion in each subgroup was comparable with that of the entire
cohort [52]. Furthermore, no safety concerns for fenofibrate
were raised in patients with mild-to-moderate renal function
impairment (eGFR = 30-90 mL/min/1-73 m?) [52].

Patients with SCr levels > 130 pwm (1-5 mg/dL) or on ciclo-
sporin were excluded from the Fenofibrate Intervention and
Event Lowering in Diabetes (FIELD) study [29]. At the end of
the study, mean SCr levels were 10-12 um (0-10-0-13 mg/dL)
higher in the fenofibrate compared with the placebo group [29].
Interestingly, cessation of fenofibrate resulted in rapid (within
6 weeks) restoration of SCr levels to placebo levels [29,32].
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Therefore, increased SCr may represent a transient effect not
relating to a true deterioration of renal function. Indeed, despite
initially raised SCr levels, fenofibrate significantly slowed the
annual increase in SCr levels compared with placebo [32]. This
resulted in a slower annual eGFR loss in the fenofibrate group
(1-19 vs. 2:03 mL/min/1-73 m?, P < 0-001) [32]. Therefore,
fewer patients on fenofibrate required dialysis compared with
placebo [29]. No relevant difference between groups was noted
for patients resulting in ESRD [32].

The eGFR was re-evaluated 6 months after treatment dis-
continuation at the end of the FIELD study (wash-out sub-
study) [32]. Fenofibrate was associated with better renal
function compared with the placebo group (weighed difference
of eGFR between groups = 5-0 mL/min/1-73 m?, P < 0-001)
[32]. This finding may suggest persistent renoprotective actions
of fenofibrate even after drug discontinuation. Further benefits
were noted in patients with pretreatment raised baseline tri-
glycerides and/or not low HDL-C levels [32]. Also, greater
triglycerides reductions early (within the first 6 weeks) after
fenofibrate initiation predicted benefits on renal function [32].

Fenofibrate reduced albuminuria in this study. Namely,
fenofibrate treatment was associated with a reduction (by 14%,
P < 0:001) in urine albumin-to-creatinine ratio [32]. Interest-
ingly, this benefit was relevant despite a higher proportion of
patients on statins in the placebo group [29]. Protective effects
of fenofibrate against diabetes-associated retinopathy were also
noted in the FIELD study [29]. These findings suggest beneficial
effects of fenofibrate on microvasculature.

A FIELD substudy including 170 patients of the Helsinki
cohort yielded conflicting results [53]. As in the entire popula-
tion, fenofibrate was associated with significantly raised SCr
levels without any change in urine creatinine concentration
[53]. Thus, the hypothesis that fenofibrate increases SCr levels
by enhancing creatinine production [54] cannot be supported. If
this was the case, an increased urine creatinine excretion should
have been anticipated. In contrast, a significantly reduced cre-
atinine clearance could well explain these changes. Indeed, the
eGFR calculated by both the Cockroft-Gault and the Modifi-
cation of Diet in Renal Disease (MDRD) formulas was reduced
by fenofibrate [53]. Also, circulating levels of cystatin C, a
protein totally excreted by kidneys, were increased more by
fenofibrate than placebo (by 14-1 vs. 3-6%, P < 0-001) [53].

The Action to Control Cardiovascular Risk in Diabetes Study
Group study. This study included 10 251 patients with T2DM
and median glycated haemoglobin (HbAlc) of 8-1% [55].
Patients were randomized to intensive or standard glycaemic
control (targeting HbAlc < 6-0 or 7-0-7-9%, respectively) [55].
No difference between intensive and standard treatment was
noted regarding the composite endpoint of nonfatal myocardial
infarction, stroke or death from CV causes [55]. Interestingly,

intensive glycaemic control was associated with significantly
increased risk of total mortality (by 22%, P = 0-04) [55].

An Action to Control Cardiovascular Risk in Diabetes Study
Group (ACCORD) substudy included 5518 simvastatin-treated
patients. These were randomized to fenofibrate or placebo [56].
Mean SCr levels were increased [from 82 pm (0-93 mg/dL) to
97 um (1-10 mg/dL)] in the first year in the fenofibrate group
and remained stable throughout the study (mean 4-7 years)
[56]. A smaller increase was noted in the placebo group [from
82 um (0-93 mg/dL) to 92 um (1-04 mg/dL)] [56]. This differ-
ence resulted in a greater incidence of men and women who
experienced raised SCr levels > 133 and 115 pm (1-5 and
1.3 mg/dL), respectively, in the fenofibrate compared with the
placebo group [56]. Interestingly, almost double patients in the
fenofibrate group discontinued study medication due to
decreasing eGFR in the fenofibrate than in the placebo group
[56]. Likewise, a greater proportion of patients in the fenofibrate
group used a lower dose owing to declined eGFR compared
with placebo (159 vs. 7-0%) [56]. However, no difference
between groups was noted in the incidence of ESRD or hae-
modialysis[56]. Despite adverse effects on eGFR, a lower inci-
dence of both micro- and macro-albuminuria was noted in the
fenofibrate compared with the placebo group [38-2 vs. 41-6%
(P =0-01) and 10-5 vs. 12-3% (P = 0-04), respectively] [56].

As previously mentioned, transient increases in SCr levels
were associated with fenofibrate early in the course of treat-
ment in the FIELD study. How these short-term increases can
affect long-term renal function was assessed in a retrospective
subanalysis of the ACCORD study. Among fenofibrate-treated
patients, 321 experienced increased SCr levels > 20% (cases)
within the first 3 months of treatment [57]. Patients with SCr
increases < 2% were controls (n = 175)[57]. In these patients as
well as in 565 placebo-treated subjects, SCr and cystatin C
levels were measured at baseline and 6-8 weeks after treatment
discontinuation [57]. As expected, cases had significantly
higher SCr levels and lower eGFR than controls or placebo-
treated individuals at the end of the study [57]. However, SCr
levels and eGFR in cases returned to placebo levels 51 days
after treatment discontinuation [57]. At the same time, fenofi-
brate-treated patients with no initial increases in SCr levels had
the lowest SCr levels and the highest eGFR [57]. Relative
changes in cystatin C levels were also noted[57]. These findings
imply a slower progression of renal function impairment in
fenofibrate-treated diabetic patients providing no initial raising
response of SCr levels. This benefit is relevant even after
fenofibrate discontinuation.

The Diabetes Atherosclerosis Intervention Study. This study
included 418 patients with T2DM, dyslipidaemia and at least
one visible coronary lesion. These were randomized to feno-
fibrate 200 mg/day or placebo for at least 3 years [30]. The

4 © 2013 The Authors. European Journal of Clinical Investigation © 2013 Stichting European Society for Clinical Investigation Journal Foundation



FENOFIBRATE AND THE KIDNEY

serum lipid profile was significantly improved in the feno-
fibrate compared with placebo group [30]. Fenofibrate was
associated with a slower angiographically assessed coronary
artery disease progression compared with placebo [30].

The effect of fenofibrate on albuminuria progression was
evaluated in 314 participants of this study [58]. The vast
majority had normal albumin excretion or microalbuminuria at
baseline. In accordance with the FIELD study, fenofibrate was
associated with significantly reduced worsening albuminuria
than placebo (8 vs. 18%, respectively, P < 0-05) [58]. Interest-
ingly, a reduced progression from normal albumin excretion to
microalbuminuria mostly accounted for this benefit. This find-
ing is suggestive of a protective role of fenofibrate against the
initial manifestation of diabetic nephropathy. This benefit was
independent of any changes in the serum lipid profile, blood
pressure, weight or alterations in SCr levels [58]. Likewise, a
recent meta-analysis included 27 159 patients with diabetes
and CKD [59]. This evaluated the impact of various treatment
strategies on mortality and renal outcomes, including albu-
minuria [59]. Fenofibrate was associated with increased
regression of microalbuminuria to normoalbuminuria [59].

Hypertension — hypertensive nephrosclerosis

Hypertensive nephrosclerosis is a disorder associated with
chronic hypertension. It is considered the second leading cause
of ESRD accounting for 28% of all cases in 2011 [38]. Patho-
logically, it is characterized by vascular, glomerular and tubu-
lointerstitial involvement [60]. Briefly, an intimal thickening
and luminal narrowing of both small and large renal arteries
together with glomerular arterioles are noted [60]. The resultant
renal ischaemia is responsible for glomerulosclerosis and
interstitial nephritis [60]. Also, glomerular hypertension is
associated with glomerular hyperfiltration that injures the
kidney in a manner that resembles diabetic nephropathy [60].
To date, its pathophysiological changes are poorly understood.
Vascular pathology is considered the hallmark of hypertensive
nephrosclerosis [61]. Hypertension per se is detrimental to the
renal vasculature by inducing stretch injury of the intima, the
elastic lamina and the myocytes [62]. This results in a medial
hypertrophy and fibroblastic intimal thickening of the vessels
as well as deposition of hyaline-like material into the damaged
arterial wall [62]. Endothelial dysfunction characterized by
reduced nitric oxide (NO) bioavailability, enhanced oxidative
stress, inflammation and fibrosis contributes significantly to the
pathogenesis of hypertensive glomerulosclerosis [63]. Primary
or secondary activation of the RAAS also plays a key role by
adversely affecting renal hemodynamics and facilitating renal
fibrosis [62].

Experimental studies suggested that fenofibrate is protective
against hypertensive nephropathy in vivo. The Dahl salt-sensi-

tive rat is the most widely studied genetic model of salt-sensi-
tive hypertension. In these animals, the higher level of renal
perfusion pressure is mainly due to increased sodium reab-
sorption in the thick ascending limb of the loop of Henle. This is
associated with deficient production of 20-hydroxyeicosa-
5,8,11,14-tetraenoic acid, a potent inhibitor of the Na*-K*-2Cl~
co-transporter [35]. Fenofibrate has been demonstrated to
decrease mean arterial pressure as well as high-salt diet-
induced proteinuria in these rats compared with controls [35].

It was suggested that lipotoxicity also contributes to the
pathogenesis of hypertensive nephrosclerosis. Namely, severe
intrarenal lipid accumulation, glomerular injury and 70%
decreased renal PPARa expression were observed in sponta-
neously hypertensive rats fed a high-fat diet [64]. This diet also
activated intrarenal, but not systemic, RAAS and induced oxi-
dative stress via reduced NO bioavailability. Interestingly,
fenofibrate not only attenuated weight gain, fat mass and
insulin resistance, but also restored the high-fat diet-induced
reduction in intrarenal PPARa expression and fat accumula-
tion. It also abolished intrarenal RAAS activation and oxidative
stress in these experimental models [64].

The anti-inflammatory and antioxidant effects of fenofibrate
may also be relevant in hypertensive nephrosclerosis. An
experimental study conducted in salt-loaded spontaneously
hypertensive stroke-prone rats; this animal model develops
systemic inflammation, hypertension and proteinuria leading to
renal and cerebral injury. Fenofibrate significantly increased
survival by delaying both the occurrence of brain lesions
(monitored by magnetic resonance imaging) and proteinuria
[65]. Furthermore, it prevented severe vascular lesions, tubular
damage, glomerular sclerosis as well as plasma and urine
accumulation of acute-phase and oxidized proteins. Also, it
decreased collagen accumulation and renal expression of
inflammatory and pro-fibrotic mediators, including interleukin-
1B, transforming growth factor-p and MCP-1 [65]. In this context,
fenofibrate significantly reduced proteinuria, inflammatory cell
recruitment and extracellular matrix protein deposition in the
kidney of spontaneously hypertensive rats without affecting
blood pressure [66].

Cytochrome-dependent arachidonic acid metabolites are
involved in the regulation of renal vascular tone and salt
excretion [67]. The epoxygenation product 11, 12-epoxyeicos-
atrienoic acid inhibits NF-kB activation [68]. Fenofibrate nor-
malized blood pressure, albuminuria, low NF-«B activity and
renal leucocyte infiltration in double-transgenic rats over-
expressing human renin and angiotensinogen genes [69].

Patients with established chronic kidney disease

Fenofibrate may be useful for the management of dyslipida-
emia associated with CKD. This concept was evaluated in a
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study including 28 patients with moderate CKD and raised
triglycerides levels [> 2-3 mm (200 mg/dL)] or LDL-C/HDL-C
ratio > 5 [70]. These were randomized to micronized fenofibrate
200 mg/day or placebo[70]. After 6 months, fenofibrate was
associated with significant improvement of the serum lipid
profile [70]. Interestingly, no difference between groups was
noted in changes of creatinine clearance [70]. However, others
suggested a rapid raising response of SCr levels after fenofi-
brate initiation. In 12 patients with nephrotic range proteinuria,
fenofibrate (200 mg/day) was associated with significantly
raised SCr levels (by 14%) after 2 months [71]. This effect was
noted even earlier, within 2 weeks after starting fenofibrate, in
another study [72]. Interestingly, increasing SCr levels were not
accompanied by decreased creatinine clearance [71,72]. There-
fore, renal tubular excretion of creatinine might be unaffected
by fenofibrate in CKD patients. ‘Gold standard” methods,
including estimation of GFR according to para-aminohippurate
(PAH) and insulin clearance, respectively, showed no signifi-
cantly altered renal function by fenofibrate [72].

Others suggested that fibrate-associated increases in SCr
levels in patients with CKD may be reversible after treatment
discontinuation [73]. Namely, a retrospective study included 10
fibrate-, including fenofibrate-treated patients with renal
insufficiency of various aetiologies; 6 renal transplant recipients
(5/6 on ciclosporin) [73]. A significantly increased peak SCr
[247 pm (2-5 mg/dL)] compared with the mean pretreatment
concentration [182 pm (2-1 mg/dL)] was noted [73]. Serum urea
levels were also raised [73]. All changes were reversed by
treatment discontinuation.

A retrospective analysis evaluated the effect of fibrate use on
renal function of 27 patients (25/27 on fenofibrate) with CKD.
Of these patients, 15 were renal transplant recipients [74].
Fibrate treatment was associated with mean increases in SCr
and serum urea levels by 40% and 36%, respectively [74].
Among nontransplanted individuals, 35% and 80% experi-
enced increased SCr and serum urea levels, respectively [74].
Respective increases in kidney transplant recipients were 31%
and 20% [74]. A strong correlation between increases in SCr
and serum urea levels on fibrate treatment may imply a pre-
renal aetiology of nephrotoxicity [74]. This might be explained
by renal hemodynamic alterations associated with reduced
generation of vasodilatory prostaglandins in vitro and in vivo
[75,76]. This hypothesis was not confirmed by isotopic mea-
sures showing no significant effect of fenofibrate on renal
plasma flow after 2 weeks of treatment [72]. Interestingly, no
lesions were noted in renal biopsy performed in two of fibrate-
treated renal transplant recipients [74]. This finding suggests
the absence of structural damages on kidney of fibrate-treated
patients [74]. This is also supported by renal function restora-
tion after fibrate discontinuation [74]. Consistent with these
findings was a reversible nephrotoxic effect of fenofibrate in

three renal transplant recipients [77]. However, renal biopsy
revealed a fenofibrate-associated proximal tubular damage of
toxic rather than ischaemic aetiology [77]. Larger renal biopsy
studies are needed to clarify the true effect of fenofibrate on this
part of the nephron.

Another double-blind placebo-controlled randomized study
assessed the effect of fenofibrate on renal function in 27 patients
on chronic haemodialysis [78]. Fenofibrate was associated with
significant improvement of the serum lipid profile. No changes
in SCr or serum urea levels were noted [78]. Furthermore,
except for small and not clinically relevant increases in creatine
kinase activity, no other safety concerns were raised by the use
of fenofibrate in this high-risk population[78].

Patients without established chronic kidney
disease

Several studies including individuals with normal renal func-
tion assessed the effect of fenofibrate on renal function. A ret-
rospective study included patients without established CKD
treated with various fibrates (including fenofibrate) [79].
Fenofibrate was associated with significantly raised SCr and
serum urea levels by 12% and 8%, respectively [79]. This
adverse effect occurred early (within first 6 weeks) of treatment
and persisted during the 8-month follow-up (median) [79]. A
PPAR-related inhibitory effect of the drug on the generation of
vasodilatory prostaglandins through down-regulation of the
inducible COX-2 expression was suggested as the explaining
mechanism of this prerenal nephrotoxicity [79]. This was sup-
ported by the fact that gemfibrozil-lacking PPAR activating
properties exerted no effect on renal function [79]. Another
study including 24 middle-aged patients with creatinine clear-
ance > 80 mL/min showed significantly increased SCr levels
associated with fenofibrate [80]. Creatinine secretion or urine
creatinine secretion (ratio of creatinine to insulin clearance) was
not affected [80]. In contrast, creatinine clearance was reduced
in the fenofibrate group [80]. The eGFR assessed by insulin
clearance was not significantly reduced by fenofibrate [80].
However, clearance methods may be unable to detect small
changes in eGFR. In this context, plasma levels of cystatin C,
which is mostly excreted by kidneys, were significantly raised
by fenofibrate in parallel with SCr concentration increases
[80,81]. This finding suggests declined eGFR associated with
fenofibrate [81]. This could be attributed to a fenofibrate-asso-
ciated decline in renal plasma flow. This was implied by a small
(< 20%) although significant decrease in PAH clearance [80].
Different were the results of a study including 13 patients with
normal or moderately impaired renal function. In this study,
SCr levels were measured by two techniques to exclude any
interference in the method [54]. SCr levels were significantly
increased by 15-1%; urine creatinine excretion was increased to
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the extent that creatinine clearance remained unchanged [54].
Authors concluded that increased SCr levels associated with
fenofibrate may not reflect an impairment of renal function or
an alteration of tubular creatinine secretion [54]. Increased
creatinine production by means of accelerated muscular cell
lysis was not confirmed [54]. Finally, it has been hypothesized
that increased metabolic production rate of creatinine may
mediate fenofibrate-associated increases in SCr levels[54].

Others attempted to detect the part of the nephron damaged
or disabled by fenofibrate. Urine albumin excretion as a marker
of glomerular integrity or functionality and retinol-binding
protein or N-acetyl-beta-d-glucosaminidase (NAG) excretion of
tubular were determined [78]. Urine albumin excretion was
unaffected by fenofibrate implying no significant glomerular
damage. Results were contradictory regarding the effect of the
drug on the proximal tubules. Namely, urine excretion of reti-
nol-binding protein was unchanged, while of NAG was
increased [78]. The exact role of fenofibrate in this part of the
nephron should be further investigated.

Risk predictors of fenofibrate-associated
increased serum creatinine levels

One study evaluated potential predictors of nephrotoxicity in
428 patients recently (within the last 6 months) prescribed fe-
nofibrate. Among these, 27% experienced increased SCr levels
by > 0-3 mg/dL [82]. CKD, the presence of diabetes, high-
dose fenofibrate (> 145 mg/day) and the concomitant use of
ACEi, furosemide, or calcium channel blockers (CCBs) were
more prevalent in these patients [82]. In multivariate analysis,
CKD, high-dose fenofibrate as well as the concomitant use of
CCBs were independent risk predictors of fenofibrate-associ-
ated nephrotoxicity [82].

Clinicians should be cautious when fenofibrate is coadminis-
tered with antihypertensive drugs that affect renal hemody-
namics. Fenofibrate may reduce vasodilatation of the afferent
arteriole, thus decreasing glomerular capillary pressure and
perfusion of the kidneys [82]. If this effect is combined with the
vasodilatory actions of ACEi on the efferent arteriole, glomeru-
lar pressure might be further reduced resulting in prerenal
azotemia. On the other hand, CCBs may have variable effects on
renal hemodynamics with the dihydropyridines decreasing
afferent arteriole vascular resistance, thus resulting in glomer-
ular hypertension [83,84]. This might have a significant pro-
teinuric effect associated with progression of CKD despite
effective blood pressure control [84]. This may not be relevant
for nondihydropyridines [84]. It would be relevant to investigate
which CCBs interact with fenofibrate on renal hemodynamics.

Another important issue is that the nephrotoxic effect of
fenofibrate might be dose dependent. This may be associated
with the accumulation of its active metabolite fenofibric acid

[40]. Inappropriate use of fenofibrate in patients with impaired
renal function (creatinine clearance < 50 mL/min) can result in
nephrotoxicity [85].

A similar analysis of factors predicting fenofibrate-related
increase in SCr levels within first 4 months of treatment was
performed in the ACCORD study [86]. Among fenofibrate-
treated patients, 48% experienced clinically relevant (>20%
from baseline) increases in SCr levels [86]. Independent risk
predictors of fenofibrate-associated SCr increase included older
age, male gender as well as the use of ACEi at baseline or of a
thiazolidinedione postrandomization [86]. The presence of
established CV disease and lower baseline LDL-C levels were
also predictors [86]. Contrary to the above mentioned study,
patients with lower baseline SCr levels were more likely to
exhibit this adverse effect [86]. However, it should be
acknowledged that in the early stages of diabetic nephropathy,
eGFR might be increased and SCr levels remain low. In con-
trast, raised SCr levels and lower eGFR are anticipated in the
later stages. Therefore, SCr levels may not serve as a reliable
surrogate of renal function in diabetic patients.

Fenofibrate and serum uric acid levels

High serum uric acid (SUA) levels may increase the incidence
of CV events. Hyperuricaemia often coexists with other vas-
cular risk factors, including hypertension, dyslipidaemia and
T2DM [87,88]. Furthermore, increasing evidence suggests that
hyperuricaemia impairs renal function [88]. Several studies
showed that fenofibrate lowers SUA levels by increasing renal
uric acid excretion. This action may be independent of its lipid-
lowering capacity [24,89,90]. It is relevant to investigate
potential association between the hypouricaemic effect of
fenofibrate and renal benefits.

Conclusion

Fenofibrate may be effective and safe for the management of
atherogenic dyslipidaemia. Increases in SCr levels early (within
first weeks) after treatment initiation raised concerns about its
safety. Older patients with impaired renal function, using high-
dose fenofibrate or taking drugs affecting renal hemodynamics
(ACE;, angiotensin receptor blockers or CCBs) are more likely to
experience this adverse effect. Several hypotheses tried to
explain this. First, fenofibrate by affecting the expression of
vasodilatory prostaglandins, including COX-2, can reduce renal
blood flow. Therefore, patients with impaired renal autoregula-
tion (e.g. hypertensives on ACEi/ARBs) have increased risk of
raising SCrlevels. A second hypothesis is that elevated SCr levels
represent a true decline in renal function. In this context, dis-
cordance between studies using different methods for the esti-
mation of GFR was noted. Measurement of eGFR with methods
including SCr levels (i.e. the MDRD or the Cockroft-Gault
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formula) showed renal function deterioration. In contrast, eGFR
determined by PAH or insulin clearance was not altered. Creat-
inine renal tubular excretion appears to be unaffected by feno-
fibrate. An exclusion hypothesis supports that fenofibrate
increases metabolic production rate of creatinine. However, this
should be settled by further studies. Beyond theories on patho-
physiology what really matters in the clinical setting is that: (i)
increases in SCr levels are transient and reversible even without
treatment discontinuation, (ii) fenofibrate can limit proteinuria,
which is an independent risk factor for both CV events and CKD,
and, (iii) fenofibrate was associated with long-term benefits on
renal function. However, a close monitoring of SCr levels is rel-
evant especially in high-risk patients. Increases in SCr levels

> 30% can impose treatment discontinuation.
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