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Background: It has been demonstrated that statins can reduce major cardiovascular
complications throughout a broad range of patients with dyslipidemia and multiple cardiovascular
risk. Despite the impact of statin therapy on cardiovascular morbidity and mortality, a residual
cardiovascular risk remains following lowering of low-density lipoprotein cholesterol. In many
patients, optimization of the lipid profile cannot be achieved with statin therapy. Therefore,
pharmacologic interventions with non-statin therapy can be used.

Aims: The objective of this review was to analyze current clinical evidence of the effects of
simvastatin/fenofibrate combination therapy.

Methods: We searched and analyzed the evidence up to June 2014, regarding the effects of
statin/fibrate combination therapy for reducing cardiovascular complications.

Results: Forty-nine studies reporting the efficacy and safety of statin/fibrate combination therapy
were analyzed. Of the forty-nine, 19 analyzed the simvastatin/fenofibrate combination therapy.
This therapy was demonstrated to be safe and superior to the statin monotherapy in modifying
atherogenic dyslipidemia, including lipoprotein subclasses. Nevertheless, in randomized clini-
cal trials cardiovascular endpoints were not significantly different when fenofibrate was added
to a standard low-density lipoprotein cholesterol reducing therapy. Of note, in the subgroup
analysis, positive results were observed in patients with high triglycerides and low high-density
lipoproteins. The inclusion of heterogeneous populations in these studies may explain the mixed
results of cardiovascular outcomes seen in randomized clinical trials.

Conclusion: Future clinical studies that rigorously address the effects of simvastatin/
fenofibrate in patients with triglycerides >2.25 mmol/L and high density lipoprotein cho-
lesterol <0.90 mmol/L, will provide a more accurate conclusion regarding the use of simvastatin/
fenofibrate combination therapy. For now, emphasis must be put on non-pharmacological
interventions that effectively induce weight loss and strict glycemic control in diabetics. The
initiation of simvastatin/fenofibrate combination therapy among patients with residual car-
diovascular risk should be employed at the physician’s discretion, as this strategy lacks hard
cardiovascular end points.

Keywords: dyslipidemia, atherosclerotic cardiovascular disease, residual risk, simvastatin
fenofibrate combination therapy

Introduction

Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of death in adults
around the world. In developing countries this condition accounts for 80% of the global
cardiovascular disease burden.'? In epidemiological studies, a direct relation of elevated
low-density lipoprotein cholesterol (LDL-C) with increased risk for the development
of ASCVD was demonstrated; whereas high-density lipoprotein cholesterol (HDL-C)
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level was negatively associated.’® The relationship between
triglycerides and cardiovascular disease has elicited con-
siderable debate over the years. Various investigators have
shown that hypertriglyceridemia is a univariate predictor of
cardiovascular disease but not independent in multivariate
analysis.”!* Postprandial hypertriglyceridemia seems to be a
better predictor of ASCVD compared to fasting triglyceride
levels.'!” The mechanisms associated with increased car-
diovascular risk are complex and involve lipid and non-lipid
mechanisms.'*'8

Obesity is increasing worldwide.!” This leads to an
increased prevalence of hypertriglyceridemia, metabolic
syndrome (MetS),?*?! and type 2 diabetes.?? Of relevance, in
South and Central America, the number of people with diabe-
tes will increase by 60% by 2035.% In patients with familial
forms of dyslipidemia,**?” MetS, and diabetes (which is
associated with a high incidence of ASCVD), over-nutrition
and obesity worsens the lipid profile.?

A number of randomized clinical trials (RCTs)
have shown that by reducing LDL-C with 3-hydroxy-
3-methylglutarylcoenzyme A (HMG-CoA) inhibitors
(statins), cardiovascular events are reduced in primary and
secondary prevention trials.?** However in these reports,
considerable risk for cardiovascular events remains, sug-
gesting that other lipid abnormalities such as hypertriglyc-
eridemia, low HDL-C, high non-HDL-C, apolipoprotein B,
and small LDL particles may be implicated in cardiovascular
outcomes. 64647

As of now, recent studies fail to demonstrate therapies
that increase HDL-C or those that correct other lipid
abnormalities aimed to reduce ASCVD.*!

The Third Report of the Expert Panel on Detection,
Evaluation and Treatment of High Cholesterol in Adults
(Adult Treatment Panel III) of the National Cholesterol
Education Program as well as the 2001 updated version,
focused on intensive treatments for patients with coro-
nary artery disease and cardiovascular risk equivalents as
assessed with the Framingham algorithm.5>% Statements of
the American Association of Clinical Endocrinologists, the
Canadian Cardiovascular Society, the European Guidelines,
and the International Lipid Society are generally in accordance
with the National Cholesterol Education Program.>*>’

The newly published American College of Cardiology/
American Heart Association guidelines®® recommend a risk
reduction through moderate to intense statin therapy in:

1. patients with ASCVD;
2. patients with diabetes;
3. patients with primary elevations of LDL-C >4.9 mmol/L;

4. patients without clinical ASCVD who are 40 to 75 years
of age with LDL-C 1.8 to 4.88 mmol/L and an estimated

10 year ASCVD risk of =7.5% calculated by the Pooled

Cohort Equations.

These guidelines presented substantial changes and
provoked debates.>**® For example, treatment goals for
LDL-C and non-HDL-C are no longer recommended. The
lack of guidelines provided for treating high triglyceride
levels and dyslipidemia after intensive statin therapy, has
led to the misunderstanding of which non-statin agents can
be recommended.*® Considering that an ample spectrum of
clinical situations must be taken into account to reduce cardio-
vascular risk, primary care physicians may face difficulties in
deciding on the optimal lipid treatment for patients with per-
sistent dyslipidemia, following optimal statin therapy.!®¢4

This report focused primarily on the role of triglycerides
in cardiovascular disease and reviewed cardiovascular ben-
efits of treatment with statin/fibrate combination in patients
with diabetes and mixed dyslipidemia with residual cardio-
vascular risk.

Methods

For the present review we searched PubMed from 1990 to
June 2014 using the key words: randomized cardiovascular
clinical trials, safety and efficacy of fibrate, statins and fibrate/
statin combination on lipid and lipoprotein profile, adverse
effects, morbidity and mortality outcomes.

Results

We reviewed and fully assessed reports and clinical trials
regarding the benefits of lipid lowering therapies on cardio-
vascular disease. We found forty-nine studies that reported
the effects of statins and fibrates combination therapy. Of
the forty-nine reports, 19 assessed simvastatin/fenofibrate
combination therapy and were the source of discussion
(results presented in the Tables).

Dyslipidemia and ASCVD

Fasting triglycerides are mainly carried in very low-density
lipoprotein (VLDL) and their remnants, while in the post-
prandial state; triglycerides are transported in chylomicrons
and their remnants.*® As defined by the European Society of
Atherosclerosis, triglyceride rich lipoprotein remnants, relate
to chylomicron and VLDL particles, which have undergone
dynamic remodeling in the plasma after secretion from the
intestine or liver.*

Under normal conditions these VLDL particles are rap-
idly cleared from the plasma as they can either be taken via
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liver receptors or transformed into LDL-C.'-% Dyslipidemic
patients, with insulin resistance and MetS, who are at high
cardiovascular risk, have reduced chylomicron remnants
clearance, increased formation and reduced degradation
of VLDL triglycerides resulting in the accumulation of tri-
glyceride rich remnants.>** The mechanisms associated with
these lipid alterations are linked to excess apolipoprotein
CIII, hepatic lipase, and to postprandial lipemia.®-8

It has being demonstrated that LDL-C has a predomi-
nant role in atherosclerosis as cholesterol accumulation in
the arterial wall is derived primarily from this lipoprotein
fraction.®™ LDL-C through the interaction with the arte-
rial wall enters the sub endothelial space where it undergoes
modifications. It seems that small dense LDL-C enters at a
higher rate than buoyant LDL.”>”” Modifications of LDL in
the sub endothelial space activates macrophages, thus pro-
moting the lipid laden macrophage formation and initiating
the atherosclerotic process.® 7

As stated above, LDL-C is considered the main
atherogenic lipoprotein particle, but other apolipoprotein
B-containing lipoproteins such as triglyceride rich remnants
and lipoprotein(a) also contribute to sub endothelial choles-
terol accumulation. Triglyceride rich remnants accumulate
in plasma, penetrate the arterial intima, and are retained by
connective tissue matrix.”®*? These particles can be taken
up by arterial macrophages leading to foam cell formation,
participating in atherogenesis as seen in atherosclerotic
lesions. Moreover, triglyceride rich particles have been asso-
ciated with the progression of coronary artery disease and
increased cardiovascular risk.**% Another line of evidence
came from studies which demonstrated that triglyceride rich
remnants are associated with impaired vasodilation, enhanced
inflammatory responses, cytokine formation, and linked to a
pro-thrombotic state.”* %

High triglyceride levels are inversely related to low
HDL-C, which becomes smaller and triglyceride enriched;
these changes have been associated with defective function
of HDL.?*% Thus, HDL may lose its putative protective role
against atherosclerosis, as normal HDL particles maintain
normal endothelial vasoreactivity, reduce oxidative stress and
the expression of adhesion molecules and cytokines, among
other anti-atherogenic mechanisms.”**

Supporting the notion of the role of triglycerides on cardio-
vascular disease, a recent study demonstrated that mutations
in the coding sequence of particular genes have the ability to
alter plasma triglyceride levels.” Specifically, carriers of the
apolipoprotein C 3 (APOC3) mutation had plasma triglyceride
concentrations of up to 40% lower than those without it.

Correspondingly, carriers of these mutations were found to
have a reduced risk of coronary heart disease.”

Thus, the role of triglycerides in atherogenesis may be
related to direct and indirect mechanisms.*® Some are linked
to lipoprotein metabolism, including postprandial hyper-
triglycemia associated with elevation of triglyceride rich
remnants in plasma and promoting cholesterol accumulation
in the arterial wall and; generating dysfunctional HDL, that
adversely affects cholesterol efflux from macrophages.” >
Indirectly, hypertriglyceridemia, leads to endothelial dysfunc-
tion creating favorable conditions for atherogenesis.”

Clinical management
of hypertriglyceridemia

and mixed dyslipidemia

In order to manage hypertriglyceridemia and mixed dyslipi-
demia, correction of secondary causes of dyslipidemia, and
lifestyle changes must be implemented.*>* Adherence to
lifestyle modifications and strict glycemic control in diabet-
ics is mandatory. In general, it is recommended that patients
should focus on the reduction of saturated fats, trans fats,
cholesterol, alcohol, and sugar (sucrose and fructose).'”
A reduced calorie diet consisting of at least five servings
of fruit and vegetables has been known to be beneficial.
Furthermore, consuming about 2 g/day of plant sterols as
well as 10-25 g/day of soluble fiber can aid in lowering
LDL-C.>*8 If the patient is a smoker, every effort should
be made to help the patient quit. Physical activity improves
lipid profile, increases strength and flexibility, and reduces
insulin resistance. Aerobic exercise programs should include
at least 30 minutes of moderate to intense activity four to
six times a week. Some examples of aerobic exercise could
include walking, riding a stationary bicycle, water aerobics,
and sporting activities. Additionally, muscle-strengthening
activity is recommended at least 2 days a week.!”!

If non-pharmacologic treatment fails to optimize lipid
abnormalities, targeting abnormal lipid levels with sta-
tins alone or in combination with non-statin drugs can be
employed.™8

Fibrates

Fibrates are agonists of the peroxisome proliferator-activated
receptors and lower serum triglycerides by 35%—-50%. They
also increase serum HDL-C by 5%—20%. Fibrates diminish
hepatic secretion of VLDL while inducing clearance of both
chylomicrons and VLDL particles through the activation
of LPL and downregulation of apolipoprotein C-III gene
expression, 02107
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The lipid lowering effects of gemfibrozil and fenofibrate
are comparable.!®1% Additionally, some studies state
that fibrates reduce lipoprotein(a),'® but this concept is
controversial. Fenofibrate reduces fibrinogen levels, whereas
gemfibrozil has no effect on this parameter.'®

Fibrates have been associated with increased creati-
nine and homocysteine levels.'”” However, this effect is
reversible once the discontinuation of the medication has
taken place.>!:103-105

HMG CoA reductase inhibitors

Statins are competitive inhibitors of HMG CoA reductase, the
rate-limiting enzyme required for cholesterol biosynthesis.
This reduces the intracellular cholesterol pool and up-
regulates the LDL receptor. Consequently, this increases the
LDL-C uptake and degradation particularly in the liver and
reduces plasma LDL-C levels.'”® Moreover, statins affect
VLDL synthesis and moderately reduce plasma triglyceride
levels, as well as increase plasma HDL-C.!%-11!

Adverse effects have been reported, such as myopathy,
liver dysfunction, and rarely rabdomyolisis.''> Recently, an
increased risk of developing diabetes has been observed.!!3117
This increased risk is higher with intensive rather than moder-
ate statin therapy.''” However, the beneficial effects of statins
on cardiovascular events and mortality outweigh the possibili-
ties of an increased risk of developing diabetes.!'®

Evidence of fibrates for the
prevention of cardiovascular

complications

Clinical intervention studies, in which diabetic and non-
diabetic patients received fibrates, showed a reduction in
cardiovascular events in primary and secondary preven-
tion trials. The Helsinki Heart Study showed benefits from
gemfibrozil therapy in patients with high triglyceride levels
(>2.25 mmol/L) and LDL-C/HDL-C ratio >5.0.!'® The
Veterans Affairs High-Density Lipoprotein Cholesterol
Intervention Trial Study (VA-HIT) evaluated the effect of
gemfibrozil therapy in patients with a history of cardiovascular
disease, low HDL-C, relatively low LDL-C, and triglyceride
levels =3.38 mmol/L.'" Fibrate therapy in patients with
type 2 diabetes reduced the rate of coronary heart disease
events.'” The Bezafibrate Infarction Prevention (BIP) study
showed a favorable effect on lipid parameters but no reduc-
tion in coronary events.'?! In The Diabetes Atherosclerosis
Intervention Study, fenofibrate showed a reduction in LDL
particle size and a decreased progression of coronary heart
disease, but no differences in cardiovascular outcomes for type

2 diabetics.'?? The Field study was performed among more
than 9,000 type 2 diabetics and used micronized fenofibrate.
While there was no significant change in the rates of coronary
outcomes, there was however, a slight increase in mortality
rates.!?!12* A meta-analysis of RCTs comparing fibrate with
placebo illustrated a reduction of major cardiovascular and
coronary events by 10% and 13%, respectively. Additionally,
a significant reduction in revascularizations was demonstrated,
but no effect on all-cause mortality was noted.'?*

Evidence of statins for the
prevention of cardiovascular

complications

Angiographic studies with statins have shown slow progres-
sion and induced regression of coronary lesions.*' RCTs were
performed among patients with low, moderate, and high
LDL-C, as well as among patients with the presence and
absence of cardiovascular disease and diabetes.?’ #4123

In patients at low risk of vascular events, a meta-analysis
showed that a 1 mmol/L reduction in LDL-C resulted in the
absolute reduction of major vascular events of approximately
eleven per 1,000 over 5 years.*>* In 2010, data from a meta-
analysis of 170,000 participants in 26 RCTs demonstrated
that by reducing LDL-C by 2—3 mmol/L, a 40%—50% reduc-
tion in cardiovascular risk would be obtained.*

Based on this evidence, the American College of
Cardiology/American Heart Association guidelines rec-
ommended intensive statin doses for cardiovascular risk
reduction.’® However, not all the patients tolerate this regi-
men and alternative therapeutic approaches are needed.’*>’
Recent studies in hypercholesterolemic and diabetic patients
have shown that the combination of ezetimibe/simvastatin
was more effective than atorvastatin or rosuvastatin mono-
therapy in lowering LDL-C compared to statin therapy.'*
Furthermore, a recent report showed that in diabetic patients
who received the ezetimibe/atorvastatin therapy, a greater
regression of plaque volume was present in comparison to
atorvastatin alone.'”” Ongoing studies will determine if this
combination therapy will reduce cardiovascular mortality.

Evidence of statin/fibrate
combination for the prevention

of cardiovascular complications

In many patients at risk of ASCVD, a residual cardiovas-
cular risk remains after statin therapy has been imple-
mented and LDL-C targets achieved.!®**” Such patients
typically display high triglycerides and low HDL-C
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levels. Thus, as reported recently,'?'3° managing residual
cardiovascular risk needs to be addressed in patients on
optimal statin therapy. Statin/fibrate combination therapy
could be considered as a logical approach to optimize lipid
and lipoprotein levels in such patients.

Because gemfibrozil has been shown to inhibit statin
acid glucuronidation and increases the area under the curve
when both drugs are consumed, this agent is generally
not recommended to be used with statins.'®! In contrast,
co-administration of statins and fenofibrate does not affect
the pharmacokinetics of statins. Thus, statin/fenofibrate
combination therapy is an attractive alternative for patients
with mixed dyslipidemia and for those in whom lipid abnor-
malities persisted after initial statin therapy. '3!3

Numerous studies specifically evaluated the effects of simvas-
tatin/fenofibrate combination therapy.'**'® Additional reductions
in lipid and lipoprotein concentrations were observed in statin/
fenofibrate combination therapy, in comparison to statin mono-
therapy.'*'®* Also, the combination therapy reduced inflamma-
tory markers including fibrinogen, high-sensitivity C reactive
protein, and plasminogen activator inhibitor-1 levels;'*%!* and
improved postprandial endothelial dysfunction.'*

As seen in Table 1, eight randomized double-blind
efficacy studies using simvastatin/fenofibrate combination
therapy were compared to statins alone.!'*15315-160 Thege
studies were performed in diabetics and non-diabetics with
mixed dyslipidemia, as well as patients with and without
cardiovascular disease.

The effect of simvastatin/fenofibrate combination
therapy was not restricted to reductions in total-cholesterol,
triglycerides, and increments of HDL-C. In patients with
mixed dyslipidemia, the addition of statin/fenofibrate sta-
tins caused a further reduction of VLDL plus intermediate
density lipoprotein and VLDL plus intermediate density
lipoprotein apolipoprotein B of 36% and 34%, respectively
and changes in the pattern of LDL particles.*>!* Likewise,
other investigators,'*’ showed a shift from LDL pattern B to
the more buoyant LDL pattern. This was specifically noted in
diabetic patients with mixed dyslipidemia who were treated
with simvastatin 20 mg plus fenofibrate 160 mg.'¢

Outcome of clinical trials
Due to the positive effects of statin/fibrate combination,
additional studies were developed in patients with diabetes
and high cardiovascular risk to assess the benefits on cardio-
vascular outcomes.

Of the studies, three RCTs presented cardiovascular
outcomes.’1031%4 Ag seen in Table 2, the effectiveness of

the combination therapy in patients with ischemic heart
disease, was measured by echocardiographic and exercise
tests. Improved myocardial function, as well as a significant
improvement in left ventricular ejection fraction, resulted
in favorable changes in exercise performance.'®® Similarly,
in the FIRST study,'® the simvastatin/fenofibrate combi-
nation therapy induced changes in carotid intima media
thickness (cIMT) — a surrogate marker of cardiovascular
disease — in subgroups of patients including those =60 years,
with a history of coronary artery disease, cIMT >0.795 mm,
with baseline triglycerides in the middle tertile, and statin
use at entry to study. Nonetheless, both of these studies were
relatively small, of short duration, and no effect on mortality
was demonstrated.

In The Action to Control Cardiovascular Risk in Diabetes
(ACCORD lipid trial),”! the only cardiovascular outcome
study, the addition of fenofibrate (160 or 54 mg/day) to
simvastatin therapy (20-40 mg/day) did not demonstrate
total population mortality effects. In this study, the dyslipi-
demic patients had an elevated relative cardiovascular risk
compared to those without dyslipidemia despite the fact
that median LDL-C achieved optimal levels. In the whole
group the primary outcome occurred at a rate of 2.4%/year
for placebo and 2.2%/year for combination therapy, results
that were not significantly different (P=0.32).>' In the pre-
specified subgroup analysis, men showed a lower primary
event with the combination therapy and the dyslipidemic
patients had 31% lower outcomes compared to the rest of
the participants (P-value not reported), suggesting that in
such patients the combination therapy could offer additional
benefits in reducing ASCVD risk.>' Interestingly, when the
postprandial triglyceride and intestinal lipoprotein remnants
excursion was examined in dyslipidemic patients from the
ACCORD lipid trial,'*® the statin/fenofibrate combination
therapy significantly reduced apolipoprotein B 48 remnants’
lipoprotein particles. Since these particles have atherogenic
potential, the effects of such therapy could benefit diabetic
dyslipidemic patients.'%

Side effects of statin/fibrate combination therapy
include muscle and liver toxicity as well as renal complica-
tions. 3152160 Tn comparison to gemfibrozil, fenofibrate is less
associated with rhabdomyolysis when used in combination
with statins.!*® Additionally, the combination therapy has the
tendency to increase creatinine concentrations, however, this
adverse effect is reversible with the discontinuation of the
medication.>!38139

Likewise, when renal impairment is present, lower doses of
fenofibrate is recommended.>"*%!* Additionally, simvastatin/
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patients including those with baseline triglycerides in the
middle tertile.'*

In conclusion, statin—fenofibrate therapy should theoreti-

cally benefit the subgroup of patients with high triglycerides/

low HDL. Although there is not enough evidence to prove

this correct. It is reassuring that a new intervention study:

Simvastatin and Fenofibrate vs Simvastatin Alone in Patients

with Type 2 Diabetes Mellitus and Acute Coronary Syndrome

is ongoing.'®” This study hypothesizes that early administration
gomg y hyp: y

of combined simvastatin/fenofibrate therapy in an extremely

high-risk population of patients with type 2 diabetes mellitus

and hypertriglyceridemia with acute coronary syndrome will

be effective. However, to accurately address the effects on

cardiovascular mortality of the combination therapy, a more

specific clinical trial is necessary. This can be achieved by

recruiting the specific patient population whose benefits were

mentioned in previous studies.!®311¢* Until this investigation

is complete, weight loss must be encouraged in dyslipidemic

patients and in diabetics strict glycemic control should be

mandatory. Thus for now, the use of simvastatin/fenofibrate

combination therapy should only be used at physician’s

discretion.
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