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Abstract Gemfibrozil is a lipid-modifying agent that belongs
to the fibric acid derivative class. Fibric acid derivatives acti-
vate peroxisome proliferator activated receptor α (PPAR-α).
The primary role of these agents in clinical practice is for the
management of hypertriglyceridemia. Triglycerides may be
reduced by as much as 74 % in some patients. In addition to
lowering triglycerides, these agents can also decrease very
low-density lipoprotein cholesterol (VLDL-C) and low-
density lipoprotein cholesterol (LDL-C) as well as raise
high-density lipoprotein cholesterol (HDL-C). Based on the
2013 ACC/AHA Guideline on the Treatment of Blood
Cholesterol to Reduce Atherosclerotic Cardiovascular Risk
in Adults and the National Lipid Association, pharmacologic
therapy to reduce triglycerides should be considered when
triglyceride levels are ≥500 mg/dL. While the use of gemfi-
brozil has decreased over the years for a variety of reasons,
muscle-associated adverse effects is the predominant reason
and the one that is most clinically relevant. However, despite
these concerns, there are situations in which the use of

gemfibrozil in combination with a statin may be necessary.
Understanding the metabolism of gemfibrozil and the degree
of interaction with the various statins will assist health-care
providers to optimize safety when this combination is clini-
cally indicated.
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Introduction

Gemfibrozil belongs to a class of agents known as fibric acid
derivatives. This is a well-utilized class of lipid-modifying
agents used primarily to treat hypertriglyceridemia. Fibric acid
derivatives not only decrease triglycerides, but also increase
high-density lipoprotein cholesterol (HDL-C) and decrease
both very low-density lipoprotein cholesterol (VLDL-C) and
low-density lipoprotein cholesterol (LDL-C). Treatment with
fibric acid derivatives should be consideredwhen triglycerides
are above a given threshold. Guidelines vary on when phar-
macologic therapy should be prescribed. The 2013 ACC/
AHA Guideline on the Treatment of Blood Cholesterol to
Reduce Atherosclerotic Cardiovascular Risk in Adults and
the National Lipid Association recommends therapy initiation
when triglycerides are ≥500 mg/dL to prevent pancreatitis [1,
2]. Gemfibrozil has been available for years. However, its use
has fallen out of favor due to concerns for adverse effects as
monotherapy, drug interactions in combination therapy with
statins, as well as limited data in reducing CV morbidity and
mortality. This article will review the clinical efficacy, adverse
effects, drug interactions with statins, and the role in clinical
practice of gemfibrozil and will provide recommendations for
using gemfibrozil safely in combination with statins in pa-
tients who may warrant further reduction in lipoproteins.
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Mechanism of Action

Fibric acid derivatives activate peroxisome proliferator-
activated receptor α (PPAR-α). PPAR-α or NR1C1 (nuclear
receptor protein subfamily 1, group 1, member 1) is a nuclear
protein that is encoded by the PPARA gene in humans and is a
member of the steroid hormone receptor superfamily [3].
Activation of PPAR-α promotes uptake, utilization, and ca-
tabolism of fatty acids and helps regulate several aspects of
lipid metabolism [4, 5]. In hepatocytes, gemfibrozil and other
fibric acid derivatives decrease triglycerides and VLDL levels
by increasing VLDL catabolism and triglyceride clearance.
Triglyceride metabolism is regulated by lipoprotein lipase
(LPL), a water-soluble enzyme that hydrolyzes triglycerides
in lipoproteins, such as those found in chylomicrons and very
low-density lipoproteins (VLDL). APOC3 is an inhibitor of
lipoprotein lipase and is thought to inhibit the hepatic uptake
of triglyceride-rich particles. Production of Apo C-III is de-
creased and LPL activity is increased by fibrate therapy. This
results in reduced circulating levels of TG and VLDL. The
reduction in serum triglyceride levels results in a beneficial
alteration in the size and composition of LDL particles.
Particles are transformed from small, dense, atherogenic
LDL particles to large, bouyant, non-atherogenic LDL parti-
cles. This alteration in particle size is important as small, dense
LDL-C particles are more highly atherogenic due to increased
susceptibility to oxidation [4]. In general, gemfibrozil will
slightly lower LDL-C but only in individuals with normal
triglyceride levels.

Fibric acid derivatives also increase HDL production by
increasing the synthesis of Apo A-I and Apo A-II [6, 7]. The
degree of reduction in triglycerides as well as the increase in
HDL-C observed with fibric acid therapy will vary depending
on baseline values. On average, triglycerides are reduced by
25 to 50%, but may be reduced by asmuch as 74% in patients
with severe hypertriglyceridemia, while HDL-C levels are in-
creased on average by 10–20 % but may be increased by as
much as 35% [8]. Gemfibrozil is indicated for the treatment of
patients with hypertriglyceridemia (types IV and V hyperlip-
idemia) who are at risk for pancreatitis and for reducing the
risk of developing CAD in type IIb patients.

Efficacy in Reducing Cardiovascular Disease Events

Three major trials have evaluated the effects of fibrate mono-
therapy on cardiovascular events. The Helsinki Heart Study
(HHS) was a primary prevention trial evaluating the efficacy
of increasing HDL-C and lowering non-HDL-C with gemfi-
brozil in reducing the risk of CHD events [9]. Middle-aged
men (n=4081) aged 40–55 years with primary dyslipidemia
(non-HDL-C ≥200 mg/day) were randomized to gemfibrozil
600 mg twice daily or to placebo. Results demonstrated an

increase in HDL-C from 47 mg/dL at baseline to 51 mg/dL
(8 % increase) and decreased non-HDL-C from 196 to
174 mg/dL (12 % decrease). In patients randomized to gem-
fibrozil, there was a 34 % reduction in the relative risk of fatal
and non-fatal MI (p<0.02). The patients who demonstrated
the highest reduction in event rates were those with higher
baseline triglycerides levels (>200 mg/dL) and high LDL-C/
HDL-C ratios (>5). While there was a reduction in fatal and
non-fatal MI, there was no difference in total mortality be-
tween the two groups. The study was underpowered to ade-
quately assess the mortality endpoint.

However, based on the results of this trial, gemfibrozil re-
ceived an indication for primary prevention cardiovascular
disease in patients with the lipid triad of increased triglycer-
ides, increased LDL-C, and decreased HDL-C.

The Veterans Affairs High-Density Lipoprotein
Intervention (VA-HIT) trial was a secondary prevention trial
examining the effect of gemfibrozil monotherapy compared to
placebo on major CHD events in patients with dyslipidemia
[10]. The study included 2531 men with a history of CHD
who had low HDL-C (mean 32 mg/dL) and low LDL-C
(mean 111 mg/dL). Patients were randomized to receive either
600 mg twice daily of gemfibrozil or placebo. Treatment with
gemfibrozil resulted in 7 % increase in HDL-C and 31 %
reduction in triglycerides. The concentration of HDL-C was
inversely related to CHD events.Multivariate analysis showed
an 11 % reduction in CHD events with gemfibrozil for every
5 mg/dL increase in HDL-C (p=0.02). Neither triglyceride
nor LDL-C levels predicted events. Overall, there was a sig-
nificant 22 % relative risk reduction in death from CHD in
patients assigned to gemfibrozil (p<0.006). There was also a
24 % reduction in the combined endpoint of death from cor-
onary revascularization, hospitalization due to angina, non-
fatal MI, and stroke (p<0.001). This study suggests that the
use of gemfibrozil may provide significant additional risk re-
duction in patients with low LDL-C (range 100–129 mg/dL).
A follow-up study from the VA-HIT trial demonstrated that
the patients that derived the most benefit from gemfibrozil
were those with diabetes or who were insulin resistant [11].
Gemfibrozil is also useful in treating hypertriglyceridemia as-
sociated with protease inhibitors in patients with human im-
munodeficiency virus (HIV) or acquired immune deficiency
syndrome (AIDS) [12].

Muscle-Related Adverse Effects
of Gemfibrozil-Statin Combination Therapy

Co-administration of a statin with a fibrate may sometimes be
warranted for the treatment of complex dyslipidemias with
hypertriglyceridemia to reduce the risk of pancreatitis.
However, concerns have emerged regarding gemfibrozil-
statin combination therapy due to an observed increase in
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the risk of muscle-related adverse effects. Evaluating the ad-
verse effects of gemfibrozil-statin combination therapy is
complicated as both agents are associated with muscle-
related adverse effects when used in monotherapy. The com-
bined use of a statin with a fibrate is known to increase the risk
of muscle-related adverse effects and use of this combination
is often an exclusion criterion in randomized controlled trials
of lipid-lowering drugs [13]. Therefore, evaluating statin-
associated adverse events and drug interactions through either
the FDA Adverse Event Reporting System (AERS) case re-
ports or uncontrolled observational studies is common [14].
Muscle-associated adverse effects are of most concern and
most clinically relevant.

The spectrum of statin-associated muscle adverse events
that can increase with statin-gemfibrozil combination therapy
include myalgia, myositis, and myonecrosis, with clinical
rhabdomyolysis representing the most serious, life-threaten-
ing, though rare, manifestation [15]. Data from the FDA
AERS have demonstrated that the risk of rhabdomyolysis with
statin therapy is significantly increased when administered in
combination with a fibrate [16]. Moreover, the gemfibrozil-
statin combination results in a 15 times higher rate of rhabdo-
myolysis compared with statin-fenofibrate combination [17•].
Large-scale population-based studies have used administra-
tive and pharmacy claims data to evaluate the safety of
statin-gemfibrozil combination therapy [18–20]. These analy-
ses demonstrate that the risk of statin-associated muscle ad-
verse events, including clinical rhabdomyolysis, is significant-
ly increased with statin-fibrate combination therapy and the
risk is greatest with gemfibrozil-statin co-administration.

Gemfibrozil-Statin Drug-Drug Interaction
Warnings

There have been several attempts to alert clinicians of the
importance of the statin-gemfibrozil drug-drug interactions.
These attempts started with an ACC/AHA Clinical Advisory
in 2002 that reinforced the labeling dose limits for certain
statins when used in combination with gemfibrozil [21].
However, clinicians continued to prescribe this combination
with certain statins (especially simvastatin and lovastatin) that
went against FDA labeling [22]. A 2011 revision of the FDA
labeling for simvastatin addressed the gemfibrozil-statin inter-
action by listing that simvastatin in combination with gemfi-
brozil as contraindicated [23].

Gemfibrozil Pharmacokinetics

Gemfibrozil is rapidly absorbed with nearly 100 % bioavail-
ability, achieving peak plasma concentrations within 1–2 h. It
is highly protein-bound, has a short elimination T1/2 of

approximately 1.5 h, and must be dosed twice daily [24].
The active drug undergoes conjugation to its acyl glucuronide,
gemfibrozil 1-0-β glucuronide, which is then oxidized via the
CYP450 system [25]. The majority of the gemfibrozil dose is
eliminated as the glucuronide conjugate in the urine with little
excreted as unchanged gemfibrozil.

Pharmacokinetic interactions, in which a drug affects the
absorption, distribution, metabolism, or excretion of a co-
administered drug, play an important role in the increased risk
of muscle-related adverse effects with gemfibrozil-statin com-
bination therapy. Most of the clinically significant drug-drug
interactions with statin therapy are a result of cytochrome
(CYP) p-450 isoenzyme system inhibition. Gemfibrozil is an
inhibitor of CYP2C8, but this only affects fluvastatin.
Therefore, the interaction between gemfibrozil and statin ther-
apy is most likely explained through different mechanisms,
though exact pathways and explanations of this complex in-
teraction are not completely defined. Unlike fenofibrate or
fenofibric acid, gemfibrozil, alters the pharmacokinetics of
most statins and multiple mechanisms contribute to this inter-
action [26].

Gemfibrozil can inhibit membrane transporters, including
the organic anion transporting polypeptide (OATP) 1B1. This
transporter mediates transport of statins from portal circulation
into the hepatocyte into the liver [27]. Inhibiting this step
could result in increased plasma statin concentrations [28].
Elimination of statins and/or their metabolites into the bile
and feces is also mediated by transport proteins. One of the
multiple transporters involved with this elimination pathway
includes OATP1B1.

Gemfibrozil may also inhibit statin metabolism by inhibi-
tion of hepatic glucuronidation [29, 30]. Several statins under-
go glucuronidation via the UDP glucuronosyl transferase
followed by lactonization as a route of elimination. In partic-
ular, the lipid-soluble statins, simvastatin, and lovastatin, are
converted to water soluble salts and glucuronide conjugates
that are subsequently eliminated from the body. Lactonized
statins may be converted to the open acid form again by an
esterase enzyme and metabolized, excreted into the bile or
urine, or directly metabolized by the CYP 450 system.
Inhibition of glucuronidation by gemfibrozil may inhibit sub-
sequent metabolic steps and elimination of these statins.

Magnitude of Gemfibrozil on Statin Systemic
Exposure

The effect of gemfibrozil on statin pharmacokinetic parame-
ters, specifically maximum concentration (Cmax), has been
summarized by the National Lipid Association, based on data
evaluating this interaction (Table 1) [13]. In a double-blind,
randomized, crossover, single-dose pharmacokinetic study of
healthy volunteers, subjects were pretreated with gemfibrozil
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600 mg or placebo twice daily for 2 days. On day 3, simva-
statin 40 mg was co-administered with the morning dose of
gemfibrozil. Gemfibrozil increased the mean AUC of simva-
statin by only 35% (p<0.01), but the AUC of the active form,
simvastatin acid, was increased by approximately 2–3-fold
(p<0.001) [31]. In a similar study of healthy volunteers, gem-
fibrozil increased the mean AUC of active lovastatin acid by
nearly 3-fold (p<0.001), but did not affect the plasma con-
centrations of the parent lovastatin [32].

The effects of multiple dose administration of gemfibrozil
and fenofibrate on the single-dose pharmacokinetics of ator-
vastatin were compared in a study of 72 healthy volunteers.
The AUC values of atorvastatin and its active metabolites (2-
hydroxyatorvastatin acid, 2-hydroxyatorvastatin lactone, 4-
hydroxyatorvastatin lactone) were modestly (1.3- to 1.7-fold)
but significantly increased when co-administered with gemfi-
brozil, but there was no significant effect of gemfibrozil on
atorvastatin lactone [33, 34]. It is suggested that these interac-
tions are likely due to the inhibition of OATP2-mediated he-
patic uptake, since simvastatin, lovastatin, and atorvastatin are
metabolized by CYP3A4 which is not significantly affected
by gemfibrozil. There was no significant pharmacokinetic in-
teraction with fenofibrate-atorvastatin combination therapy
and no increase in systemic exposure to atorvastatin.

The pharmacokinetic profile of pravastatin differs from
other available statins. Pravastatin is more hydrophilic and
does not easily cross cell membranes, relying upon trans-
porters for absorption, tissue uptake, and elimination. The
drug is minimally metabolized and is not significantly elimi-
nated via CYP450 enzymes. Of the bioavailable dose, approx-
imately 47 % undergoes renal elimination primarily in the
unchanged form. However, in a single-dose pharmacokinetic
study (n=10 healthy volunteers) gemfibrozil increased plas-
ma pravastatin concentrations by 202 % (range, 40–412 %)
and significantly reduced mean renal clearance of the drug
from 25 L/h to 14 L/h (p<0.0001) in healthy volunteers with-
out a significant effect on amount of pravastatin excreted in
the urine (p=0.42) [35•]. It is hypothesized that these findings
are consistent with the inhibition of OATP1B1-mediated up-
take as well as inhibition of the renal transporter OAT3.

Drug-drug interactions with rosuvastatin are thought to pri-
marily involve drug transporters rather enzymes. Active up-
take via the OATP2, OATP1B1/3, NTCP, BRCP, and NTCP
transporters and active renal tubular secretion via OAT3 are
important for the elimination of rosuvastatin [36•]. Though
CYP2C9 plays a minor role in rosuvastatin clearance, the drug
is not extensively metabolized and is primarily eliminated
unchanged in the urine and feces. Gemfibrozil increased plas-
ma concentrations of rosuvastatin by approximately 2-fold
(range, 1.56–1.88) in a randomized, double-blind crossover
trial of gemfibrozil or placebo in 20 healthy volunteers
[37•]. In an accompanying in vitro study of the effect of gem-
fibrozil on the uptake of radiolabeled rosuvastatin by OATP2-
transfected oocytes demonstrated a 50 % reduction in uptake,
suggesting gemfibrozil inhibition of OATP2-mediated hepatic
uptake may contribute to the mechanism of the drug-drug
interaction. Metabolism is only a minor pathway for
pitavastatin via CYP2C9 which is unaffected by gemfibrozil.
Fluvastatin transport in human hepatocytes via the OATP1B1,
OATP2B1, and OATP1B3 transporters is potently inhibited
by gemfibrozil [38]. However, in at least one study of 17
subjects with hyperlipidemia and established ASCVD or fam-
ily history of CAD, no significant difference was observed in
AUC and Cmax when comparing the combination with
fluvastatin or gemfibrozil alone [39•].

Role in Clinical Practice

The clinical relevance of the gemfibrozil-statin drug-drug in-
teraction must be considered. The ACC/AHA Blood
Cholesterol Guidelines state that Bgemfibrozil should not be
initiated in patients on statin therapy because of an increased
risk for muscle symptoms and rhabdomyolysis (Classification
of Recommendation, III Harm; Level of Evidence B)^ [1].
The European Socie ty of Card io logy /European
Atherosclerosis Society Guidelines for the Management of
Dyslipidaemias also state that Bavoidance of adding gemfibro-
zil to a statin regimen is advised^ [40]. These recommenda-
tions are derived from observational data and statin trials in
which patients with serious comorbidities and those taking
concomitant medications (including gemfibrozil) that may in-
crease the risk of statin muscle related toxicity were excluded,
rather than on specific pharmacokinetic data.

The FDA-approved statin product labels for statins com-
ment on the gemfibrozil-statin drug-drug interaction (see
Table 2) [41–47]. They all state that combined use of gemfi-
brozil with statins Bshould be avoided^ and that the combina-
tion of gemfibrozil with simvastatin is contraindicated. The
FDA-approved labeling for rosuvastatin additionally states
that if used in combination with gemfibrozil, the maximum
dose of rosuvastatin should not exceed 10 mg daily. However,
clinicians often do not comply with FDA-labeled statin dose

Table 1 Effect of gemfibrozil on statin Cmax values [13]

Statin In combination with gemfibrozil

Atorvastatin ↑ in Cmax (expected)

Fluvastatin No change

Lovastatin ↑ in Cmax by 2.8-fold

Pitavastatin ↑ in Cmax by 1.4-fold

Pravastatin ↑ in Cmax by 2-fold

Rosuvastatin ↑ in Cmax by 2-fold

Simvastatin ↑ in Cmax by 2-fold
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restrictions when prescribing combinations known to result in
drug-drug interactions [22, 48•].

Pharmacokinetic data and available evidence from statin
RCTs and observational studies indicate a clear increased risk
of muscle-related adverse effects with gemfibrozil-statin ther-
apy. When the combination of a fibrate and statin therapy is
indicated, fenofibrate or fenofibric acid are the preferred
agents in combination with a statin. However, pharmacokinet-
ic studies indicate that the magnitudes of the interaction be-
tween gemfibrozil and atorvastatin, pitavastatin, and
rosuvastatin are minor, while the magnitudes for lovastatin,
pravastatin, and simvastatin are moderate.

Conclusion

Recommendations for Safe Use of Gemfibrozil There are
clinical circumstances in which fenofibrate is not an available
option. These may include when fenofibrate is poorly tolerat-
ed, when the cost of fenofibrate/fenofibric acid is prohibitive,
or when gemfibrozil is the only available fibrate offered by
payer. Therefore, the clinician must consider if gemfibrozil is
a safe option. Based on pharmacokinetic data, demonstrating a
significant, greater than 2-fold increase in statin systemic ex-
posure when co-administered with gemfibrozil, under all cir-
cumstances, the use of gemfibrozil should be avoided in com-
bination with lovastatin, pravastatin, and simvastatin. If gem-
fibrozil must be used in combination with atorvastatin,
pitavastatin, or rosuvastatin, consideration should be given
to use a lower statin dose in order to minimize risk of
muscle-related adverse effects. The use of rosuvastatin in
combination with gemfibrozil is included in FDA-approved
product labeling, but it is recommended that the daily dose of
rosuvastatin be limited to 10 mg daily.
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