Lipid management in Type 2 diabetes: the case for

combination therapy?

Cardiovascular disease determines the prognosis of patients with Type 2 diabetes, and because lipids play
a central role in atherogenesis, lipid management in diabetic patients is of paramount importance. Given
the large body of evidence demonstrating the cardiovascular risk reduction with the primarily low-density
lipoprotein-lowering statins, these drugs represent the basis of lipid management in patients with Type 2
diabetes. However, the majority of cardiovascular events even with potent statin therapy cannot be
prevented. Combination therapy with other lipid-lowering interventions therefore appears interesting as
it may provide additional benefit. Data on the safety and efficacy of combination lipid therapy from large
outcome trials are still limited. However, the evidence already available provides a rationale for combination
lipid therapy in patients with Type 2 diabetes.
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Cardiovascular disease

determines prognosis in patients
with Type 2 diabetes

Atherosclerosis determines the prognosis of
patients with diabetes. Cardiovascular risk in
Type 2 diabetic patients is increased by a fac-
tor of two to three, and diabetes approximately
doubles the risk of death after cardiovascular
events. Mainly owing to their increased car-
diovascular risk, the life expectancy of patients
with Type 2 diabetes is reduced by more than
7 years [1]. Lipids and lipoproteins play a key
role in the pathogenesis of atherosclerosis;
therefore, lipid therapy in diabetic patients is of
paramount importance.

Lipid metabolism in Type 2 diabetes
The typical lipid problem in patients with
Type 2 diabetes is not high low-density lipo-
protein (LDL)-cholesterol but rather a combi-
nation of low high-density lipoprotein (HDL)-
cholesterol, high triglycerides and highly
atherogenic small, dense LDL particles [2]. This
cluster of lipid abnormalities is referred to as
diabetic dyslipidemia.

Diabetic dyslipidemia is closely related to
insulin resistance, the key pathophysiological
feature of Type 2 diabetes [3]. Insulin resistance
is associated with an increased release of free
fatty acids from adipose tissue and consequently
with an increased production of triglycerides,
which are secreted from the liver packed in
very-low-density lipoprotein (VLDL) particles.
Blood triglycerides thus increase. Mediated by
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the cholesteryl ester transfer protein (CETP),
triglycerides from the triglyceride-rich VLDL
particles are exchanged for cholesterol from the
cholesterol-rich LDL and HDL particles. From
these triglyceride-enriched LDL and HDL par-
ticles triglycerides are then removed by lipases,
rendering both LDL and HDL particles smaller
than before the modification.

Smaller LDL particles enter into the vessel
wall more readily, are oxidized more rapidly and
are therefore more atherogenic than larger LDL
particles. In addition, given the smaller size of
LDL particles in patients with Type 2 diabe-
tes, more LDL particles are present at a given
LDL-cholesterol level in these patients than in
nondiabetic individuals. More LDL particles,
in turn, mean more danger for the vessel walls.
With respect to HDL, the smaller particles are
more rapidly cleared from circulation, which
explains the low HDL-cholesterol observed in
diabetic patients. Moreover, the smaller HDL
particles are dysfunctional and have impaired
atheroprotective properties [3].

We and others have demonstrated that dia-
betic dyslipidemia is not only characteristic
for patients with diabetes but that it is also an
important cardiovascular risk factor in diabetic
individuals. In a large population of coronary
patients who have undergone angiography we
found that the triad of low HDL-cholesterol,
high triglycerides and small LDL particles is a
better predictor of cardiovascular events than
serum levels of LDL-cholesterol [4]. This obser-
vation concords with an important sub-group
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analysis of the Treating to New Targets (TNT)
trial, which demonstrated that even with LDL-
cholesterol levels lowered to less than 70 mg/dl,
low HDL-cholesterol is significantly associated
with a high incidence of cardiovascular events [s).
In particular, we found that high levels of trig-
lycerides, low HDL-cholesterol and small LDL
particles are of paramount importance for the
prognosis of coronary patients with diabetes who
receive statin therapy [6]. In another study, we
demonstrated that from all metabolic syndrome
traits the dyslipidemic stigmata (i.e., low HDL-
cholesterol and high triglyceride levels) are the
strongest predictors of cardiovascular events [7].

Thus, diabetic dyslipidemia is clinically
important and its specific treatment appears to
be promising. Apart from lifestyle interventions,
such as reduction of bodyweight, increased
physical activity and nicotine abstinence [8-10],
fibrates, omega-3 fatty acids and niacin are avail-
able pharmaceutical options to improve this pat-
tern of dyslipidemia. Fibrates and omega-3 fatty
acids primarily lower triglyceride levels; niacin
also lowers triglyceride levels and in addition is
the best option currently available to increase
HDL-cholesterol (3]. Furthermore, the glucose-
lowering drug pioglitazone significantly lowers
triglycerides and significantly increases HDL-
cholesterol [11]. The major effects of important
lipid-modifying drugs are summarized in Taste 1.

Statins: the basis of lipid
management in patients

with diabetes

Even though statins primarily lower LDL-
cholesterol and do not strongly improve the
high triglycerides, low HDL-cholesterol, small
LDL particle size pattern of diabetic dyslipi-
demia, they represent the basis of lipid manage-
ment in patients with diabetes, given the ample
evidence for cardiovascular risk reduction with
statin therapy.

Statins inhibit the de novo synthesis of cho-
lesterol in the liver and in other tissues [2].
Consequently, the liver produces less VLDL and
the serum concentration of LDL-cholesterol is
lowered. Furthermore, triglyceride levels are also
lowered by statins and HDL-cholesterol is mar-
ginally increased, but the main effect of statins
remains lowering of LDL-cholesterol. Statins
are among the most successful therapeutic
interventions of the past 15 years.

Numerous randomized controlled clinical tri-
als prove the safety and efficacy of statin therapy
to reduce cardiovascular events in various patient
populations. A large meta-analysis including
more than 90,000 patients from 14 randomized
trials and recording over 14,000 severe vascular
events showed a significant reduction of serious
cardiovascular events by 21% per mM (i.e., per
39 mg/dl) LDL-cholesterol lowering by statins
as well as a significant 12% reduction in total
mortality [12].

Statins in particular are effective in patients
with diabetes. The Collaborative Atorvastatin
Diabetes Study (CARDS) [13] demonstrated a
significant reduction of cardiovascular events
with atorvastatin 10 mg/day in patients with
diabetes who did not have known athero-
sclerotic disease over a follow-up period of
3.9 years. In addition, in secondary preven-
tion, statin therapy is highly effective in reduc-
ing cardiovascular events in diabetic patients.
This is illustrated by an analysis from the TNT
trial. Overall, more than 10,000 patients with
stable artery disease were included in that
trial [14] and were randomized to atorvastatin
10 mg/day or to atorvastatin 80 mg/day. From
the total cohort, 1501 patients had diabetes;
these patients were followed-up for a mean of
4.1 years. As with the total study population,
atorvastatin 80 mg/day significantly reduced
cardiovascular event risk in patients with dia-
betes [15]. Due to the very high absolute risk

Drug Change in total Change in Change in LDL- Change in HDL- Ref.
cholesterol (%) triglycerides (%) cholesterol (%) cholesterol (%)
Statins -20 -14 -29 +3 (104]
Resins -9 0 -13 0 (3]
Ezetimibe -12 -2 -18 +1 (105]
CETP inhibitors 14 14 -1 +62 (106]
Niacin -20 -25 -15 +25 (3]
Fibrates -10 -30 -10 +10 (107]
Pioglitazone 0 -12 0 +15 (108]
Omega-3 fatty acids 0 -25 0 +3 (109]

CETP: Cholesteryl ester transfer protein, HDL: High-density lipoprotein, LDL: Low-density lipoprotein.
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of the included diabetic patients with coronary
artery disease, the number needed to treat was
low (only 24 patients). Subgroup analyses from
other trials have also demonstrated the efficacy
of statin therapy in diabetic patients. A meta-
analysis of the Cholesterol Treatment Trialists
Collaborators (CTTC), including more than
16,000 patients, confirmed that the relative risk
of cardiovascular events is reduced to almost
an identical amount in diabetic patients as in
patients without diabetes [12].

Statins differ considerably with respect to
their LDL-cholesterol-lowering power [16]. For
example, pravastatin 40 mg/day lowers LDL-
cholesterol by approximately 30%, the more
potent simvastatin at the same dosage lowers
LDL-cholesterol by almost 40%; atorvastatin
40 mg/day achieves approximately 50% LDL-
cholesterol reduction and 40 mg/day rosuvas-
tatin, on average, reduces LDL-cholesterol by
55%. However, with all statins, doubling the
dose helps to reduce LDL-cholesterol by only
approximately an additional 7%. Therefore,
when a standard dose of statin with moderate
LDL-cholesterol-lowering power is insufficient
to reach LDL-cholesterol goals, it is recom-
mended to switch to more potent statins (in par-
ticular to the highly potent statins rosuvastatin
or atorvastatin) rather than to increase the statin
dose. Alternatively, combination lipid therapy
could be considered. Potential partners for com-
bination therapy with statins are described in the
following sections.

To summarize, statins significantly lower the
cardiovascular event risk in diabetic patients and
thus help to improve their prognosis. Therefore,
statins are a cornerstone in the lipid management
of patients with Type 2 diabetes and the majority
of diabetic patients qualify for statin therapy. As
a consequence, lipid-lowering drugs other than
statins will usually be given in combination
therapy with statins.

Combination therapy appears to be impor-
tant. Despite the great success with statins, the
majority of cardiovascular events cannot be
prevented by statin monotherapy, and vascular
risk in high-risk patients remains high despite
statin treatment. As many as one in seven statin-
treated patients in the CTTC meta-analysis
suffered cardiovascular events over a period of
5 years [12]. Considering that the high triglycer-
ides, low HDL, small LDL particle size pattern
of diabetic dyslipidemia is a major driving force
behind cardiovascular risk in patients with dia-
betes (6], drugs that specifically improve diabetic
dyslipidemia are of significant interest as add-on
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therapies in statin-treated patients with diabe-
tes and shall be discussed in more detail in the
following sections.

Fibrates

Fibrates activate transcription factors, referred to
as peroxisome proliferator-activated receptor-a
(PPAR-), which alter the transcription rate of
target genes that play an important role in the
development of atherosclerosis [17].

Fibrates primarily lower triglyceride levels.
A pooled meta-analysis of placebo-controlled
fibrate trials reported a reduction in triglyceride
levels by approximately 30%, a reduction in total
cholesterol by approximately 8% and an increase
in HDL-cholesterol by approximately 9% with
fibrates [18]. Fibrates have also been shown to
change the LDL particle profile from small dense
to less atherogenic large particles [19.20]. Clinical
studies with fibrate plus statin combination
treatment have shown superior lipid-modifying
efficacy compared with statin monotherapy [21].
It is recommended that fibrates are used with
caution in combination with statins owing to
an increased risk of myopathy. However, severe
muscle problems, such as rhabdomyolysis, are
rare, in particular with fenofibrate. Fenofibrate
does not adversely influence the metabolism
or pharmacokinetics of any of the commonly
prescribed statins [22]. Further safety issues of
statin plus fibrate combination therapy, such as
a possible rise in liver enzymes or gastrointestinal
problems, are of minor importance [21,23].

The evidence supporting cardiovascular risk
reduction by fibrates is clearly inferior to the
broad evidence for the efficacy of statin treatment
to prevent cardiovascular events. However, there
are clinical end point data that demonstrate a
cardiovascular risk reduction with fibrate therapy.

In the Helsinki Heart Study, gemfibrozil
reduced cardiovascular events in middle-aged
dyslipidemic men without established coronary
heart disease by 34%; however, the benefit at
5 years was limited to those with increased trig-
lyceride levels and low HDL-cholesterol [24].
Interestingly, diabetic patients treated with gem-
fibrozil experienced a greater event reduction of
41% [25].

In the Veterans Affairs HDL Intervention
Trial (VA-HIT) [26], gemfibrozil treatment in
men with low HDL-cholesterol resulted in a
22% reduction in nonfatal myocardial inf-
arction and coronary heart disease death at a
median follow-up of 5.1 years. Interestingly, the
cardiovascular benefit in VA-HIT was strongly
correlated with on-treatment HDL-cholesterol,
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but not with on-treatment triglyceride levels or
LDL-cholesterol [25]. As in the Helsinki Heart
Study, cardiovascular risk reduction in the
VA-HIT trial was greater (24 and 32%, respec-
tively, depending on which criteria for the diag-
nosis of diabetes were applied) among patients
with diabetes [12,25].

Thus, gemfibrozil has proven beneficial to
reduce cardiovascular events in monotherapy,
particularly in patients with diabetes. However,
no data are available to determine whether gem-
fibrozil is effective in further reducing cardiovas-
cular risk in patients already receiving statins.
Statins are usually very well tolerated, but in
clinical practice up to 15% of patients receiv-
ing statins report muscular symptoms [27]. In a
managed care setting, the relative risk of clinical
myositis (symptoms of muscle pain plus elevated
creatinine kinase) compared with controls was
increased by a factor of three with statin therapy
and by a factor of nine with statin plus fibrate
therapy [28]. Since the combination of gemfibro-
zil with a statin puts patients at an increased
risk of myopathy, this combination is not rec-
ommended in the absence of direct proof of its
efficacy to reduce cardiovascular events.

In the Bezafibrate Infarction Prevention (BIP)
study, bezafibrate did not reduce all-cause or car-
diac mortality in the entire study population, but
was associated with a 31% relative reduction in
the risk of myocardial infarction among patients
with metabolic syndrome [29]. Of note, bezafi-
brate is not only a PPAR-a., but also a PPAR-8
and y-ligand [30]. Furthermore, bezafibrate, like
fenofibrate (the major trials for which are dis-
cussed below), can increase adiponectin and
improve insulin sensitivity [31].

In the Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD) trial [32)
9725 patients with Type 2 diabetes were rand-
omized to fenofibrate or placebo. In the fenofi-
brate arm, a 22% reduction in triglyceride lev-
els, a 6% decrease in LDL-cholesterol and a
1% increase in HDL-cholesterol was observed.
The primary outcome of coronary heart dis-
ease, death and nonfatal myocardial infarc-
tion was not significantly reduced. However,
during the trial 70% of the placebo versus 8%
of the fenofibrate group started another lipid
therapy (mainly statins), which may have con-
cealed the effect of fenofibrate. Nonfatal myo-
cardial infarction was significantly reduced
by 24% and also total cardiovascular events
(comprising cardiovascular death, myocardial
infarction, stroke and revascularization) were
reduced significantly by 11%. Importantly, a
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post hoc analysis demonstrated a 27% reduction
in cardiovascular events among participants
with hypertriglyceridemia and low HDL-
cholesterol [201]. Given its methodological
limitations, the FIELD trial therefore should
not be interpreted to prove a lack of benefit
with fenofibrate. Indeed, the secondary study
outcomes, in particular the cardiovascular risk
reduction achieved with fenofibrate in dysli-
pidemic subjects, do provide evidence in favor
of fenofibrate.

The lipid arm of the Action to Control
Cardiovascular Risk in Diabetes (ACCORD)
trial addressed the important question of
whether the combination of simvastatin and
fenofibrate can prevent cardiovascular events
in patients with diabetes over and above sim-
vastatin monotherapy [33]. Simvastatin was
given open labeled at baseline, and fenofibrate
or placebo were started 4 weeks later. During
4.7 years of follow-up, the combination therapy
of fenofibrate plus simvastatin did not reduce
the rate of cardiovascular events compared
with simvastatin monotherapy. Similar to the
post hoc evaluations from the FIELD trial,
there was a significant reduction in major car-
diovascular events among patients with high
triglyceride levels and low HDL-cholesterol in
the ACCORD trial. In patients without dys-
lipidemia this favorable effect was absent [34].
Other subgroup analyses suggested a benefit for
men and possible harm for women. Importantly,
despite its failure to show a significant reduction
of the primary study end point with fenofibrate,
the ACCORD trial by no means disproves the
potential of fenofibrate to reduce cardiovascular
events in dyslipidemic patients. On the contrary,
the trial provides evidence in favor of fenofibrate
plus statin combination in dyslipidemic patients
with diabetes.

In the Diabetes Atherosclerosis Intervention
Study (DAIS), 418 patients with Type 2 diabe-
tes were randomized to fenofibrate or placebo
and followed for 3 years [35). In the group rand-
omized to fenofibrate there was significantly less
coronary angiographic progression in minimum
lumen diameter and percentage diameter steno-
sis, whereas there was no significant effect on the
average mean segment diameter.

A meta-analysis of the effects of fibrates on
cardiovascular outcomes indicated that fibrate
therapy is associated with a clinically impor-
tant decrease in nonfatal myocardial infarc-
tion, but has little, if any, effect on all-cause
mortality [36]. Another meta-analysis including

five randomized trials with fibrates (ACCORD,
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FIELD, BIP, Helsinki Heart Study and
VA-HIT) demonstrated that fibrates induced
a significant 35% reduction in major cardio-
vascular events in patients with diabetic dys-
lipidemia [37]. The lipid arm of the ACCORD
trial was the only investigation addressing the
question of whether a fibrate added to statin
treatment can reduce cardiovascular events. It
was neutral with respect to the primary end
point. Therefore, the evidence in favor of car-
diovascular event reduction by a combination
therapy with statins plus fibrates is not very
strong at present. Nevertheless, the secondary
results from the ACCORD trial showing a ben-
efit with the combination of simvastatin plus
fenofibrate in dyslipidemic patients, which are
in line with previous results from the FIELD
trial, provide a rationale for this combination.

Omega-3 fatty acids

Omega-3 fatty acids at relatively high doses
of about 3—4 g/day significantly reduce trig-
lyceride levels by approximately 8% for every
gram of the drug (the dose responses are highly
variable between patients) [38]. In an investiga-
tion involving patients with coronary heart dis-
ease and serum triglyceride levels greater than
205 mg/dl, the addition of omega-3 fatty acids
4 g/day to simvastatin 10-40 mg/day signifi-
cantly decreased triglyceride levels by 28%, non-
HDL-cholesterol by 18% and VLDL-cholesterol
by 40% at 12 weeks compared with simvastatin
monotherapy [39].

Omega-3 fatty acids operate by various
mechanisms of action. Incorporation into
cell membranes is followed by modification
of the physical characteristics and activity of
membrane-bound proteins. After being released
by intracellular phospholipases omega-3 fatty
acids interact with ion channels, are converted
into bioactive eicosanoids and act as ligands for
nuclear transcription factors, thereby altering
gene expression [40]. Putative mechanisms for
how omega-3 fatty acids might reduce the risk
for cardiovascular events, besides a decrease
in triglyceride levels, include antiarrhythmic,
antiplatelet and anti-inflammatory effects [41,42].
Potential adverse effects of omega-3 fatty acids
include an increase in LDL-cholesterol and
increased bleeding time as a result of inter-
ference with platelet function, as well as fishy
aftertaste and gastrointestinal disturbances,
which are common and may compromise com-
pliance [43]. Overall, however, a statin plus
omega-3 fatty acid combination therapy is
definitely considered safe and is not associated
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with an increased risk of myopathy [44). Fish
consumption and dietary marine oil are associ-
ated with a reduced incidence of cardiovascu-
lar events and coronary disease mortality [45].
Three large trials — the Gruppo Italiano per le
Studio della Sopravivenza nell’ Infarto miocar-
dio (GISSI)-Preventione trial [46], the Japan
Eicosapentaenoic acid Lipid Intervention Study
(JELIS) 46] and the GISSI heart failure trail [47]
— demonstrated clinical outcome benefits of die-
tary supplementation with omega-3 fatty acids.
However, a systematic review could not demon-
strate a clear effect of omega-3 fatty acid supple-
mentation on total mortality or combined car-
diovascular events [48]. The Outcome Reduction
with Intitial Glargine InterventioN (ORIGIN)
trial is currently investigating the effects of
omega-3 fatty acids versus placebo on cardio-
vascular death in more than 12,000 patients
with impaired glucose metabolism [49]. No data
are currently available to determine whether
omega-3 fatty acids reduce cardiovascular
events when given in combination with statins
over and above statin monotherapy.

Pioglitazone

Pioglitazone is an agonist of the PPAR-y recep-
tor with beneficial effects on insulin sensitivity,
lipid levels and inflammatory markers. In addi-
tion to its glucose-lowering effect, pioglitazone
raises HDL-cholesterol by 15-20% and lowers
triglyceride levels by 40—50% [s0).

The Carotid Intima-Media Thickness in
Atherosclerosis Using Pioglitazone (CHICAGO)
trial demonstrated that pioglitazone slowed
the progression of carotid intima-media
thickness [s1], and the Pioglitazone Effect
on Regression of Intravascular Sonographic
Coronary Obstruction Prospective Evaluation
(PERISCOPE) trial demonstrated that pioglita-
zone slowed the progression of coronary athero-
sclerosis [s2]. Interestingly, post hoc analyses
showed that the rise in HDL-cholesterol with
pioglitazone was the strongest predictor of its
ability to slow carotid intima-media thickness
progression [53].

In the PROspective pioglitAzone Clinical
Trial In macroVascular Events (PROactive)
study, a large trial that tested the impact of
pioglitazone on the incidence of cardiovascu-
lar events in diabetic patients with established
cardiovascular disease, pioglitazone did not
reduce the primary end point of cardiovas-
cular events [54]. However, severe clinical end
points (myocardial infarction and stroke) were
significantly reduced in this trial. In addition,
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a meta-analysis demonstrated a significant
cardiovascular benefit with pioglitazone [ss].
Interestingly, the thiazolidindione rosiglitazone
does not share the favorable effects of piogli-
tazone on lipid parameters, does not reduce
cardiovascular events and, recently, because
there is a concern that cardiovascular events
may be increased with rosiglitazone [56,57), it
has been withdrawn from the European mar-
ket. Unfortunately, pioglitazone also has some
adverse effects, most importantly an increased
risk of heart failure (but importantly not of heart
failure mortality) and a reduction in bone min-
eral density, which confers an increased fracture
risk, particularly among elderly women [ss].

Niacin

Niacin acts by inhibiting the hepatic catabolism
of apolipoprotein Al, the major apolipoprotein
of HDL, resulting in longer HDL half-life and
higher HDL plasma concentrations. In addition,
by inhibiting the hepatic enzymes required for
triglyceride synthesis, niacin lowers the secretion
of VLDL from the liver and consequently serum
triglyceride levels [s9].

A combination therapy of niacin with sim-
vastatin is more effective in raising HDL-
cholesterol, in lowering triglyceride levels and in
lowering LDL-cholesterol compared with simv-
astatin monotherapy (by 27, 30 and 23%, respec-
tively) [60). Interestingly, there is no increased risk
of myopathy or rhabdomyolysis when niacin is
used in combination with a statin [61].

A meta-analysis of 23 lipid trials found that the
sum of the percentage LDL-cholesterol lowering
and the percentage HDL-cholesterol raising is
the best predictor of clinical events [62]. Niacin
addresses both parameters. In line with this, evi-
dence exists to demonstrate cardiovascular risk
reduction with niacin.

In monotherapy, niacin has a proven potential
to reduce cardiovascular events. The Coronary
Drug Project in the prestatin era demonstrated
a reduction of reinfarction by 29% with niacin,
which is a magnitude of efficacy comparable to
statin therapy [¢3]. Total mortality 10 years after
study completion was significantly decreased in
the niacin group compared with the placebo
group (64]. The relative reduction in long-term
mortality risk attributable to niacin was compa-
rable in patients with and in those without the
metabolic syndrome [65].

In the HDL Atherosclerosis Treatment Study
(HATY) [66] a lipid therapy of simvastatin plus
niacin resulted in 23% higher HDL-cholesterol
and 40% lower LDL-cholesterol versus placebo.
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This combination therapy was associated with
a small but detectable regression of proximal
coronary plaques at angiography compared
with the mean progression observed in the pla-
cebo group. Cardiovascular events were also
significantly reduced. However, this trial was
rather small and the results concerning cardio-
vascular event reduction cannot be considered
definite. Only 16% of the 160 patients enrolled
in this trial had diabetes, which does not allow
meaningful subgroup analyses with respect to
diabetes status.

In the Arterial Biology for the Investigation of
the Treatment Effects of Reducing Cholesterol
(ARBITER)-2 trial, 167 patients with well-
controlled LDL-cholesterol levels but with
marginally low HDL-cholesterol and elevated
triglyceride levels were randomized to treatment
with extended-release niacin plus simvastatin,
or to monotherapy with simvastatin [(67]. In this
study, 27% of the enrolled patients had Type 2
diabetes and 50% had features of the metabolic
syndrome. Combination therapy increased
HDL-cholesterol by 21% and decreased trig-
lyceride levels by 14%. The primary end point,
the change in carotid intima-media thick-
ness, did not significantly differ between study
groups over a 12-month period. However,
patients treated with statin alone had a signifi-
cant increase in carotid intima-media thickness,
whereas carotid intima-media thickness did not
significantly change in the treatment group.
Although ARBITER-2 was not powered to inves-
tigate the effect of niacin plus statin treatment
on clinical outcomes, the frequency of clinical
cardiovascular events tended to be higher among
patients treated with statin monotherapy than
in those treated with the combination therapy.
In ARBITER-3, patients from the ARBITER-2
trial were followed-up for 24 months; carotid
intima-media thickness regression became evi-
dent with the simvastatin—niacin combination
therapy (68].

In two studies exploring the combination of
niacin and the anion exchange resin colestipol,
a higher percentage of subjects receiving com-
bination therapy showed regression of coronary
lesions compared with those receiving double
placebo [69,70]. The Armed Forces REGression
Study (AFREGS) likewise demonstrated a
mean regression of coronary stenoses with
combined niacin—gemfibrocil-cholestyramine
treatment [71]. The lesion regression in these
studies is noteworthy because only a few of the
many statin monotherapy trials could achieve
this goal [72,73]. In addition, it is noteworthy
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that in the AFREGS trial, as in HATS, a sta-
tistically significant clinical event reduction
was observed.

The Arterial Biology for the Investigation of
the Treatment Effects of Reducing Cholesterol
6-HDL and LDL Treatment Strategies
(ARBITER 6-HALTS) trial compared the
effects of a combination therapy of niacin plus
statin with the effects of a combination of eze-
temibe plus statin on changes in the carotid
intima-media thickness over a 14-month period
in 208 patients [74]. Enrolled patients had estab-
lished coronary artery disease or were otherwise
at high risk and had a baseline LDL-cholesterol
of less than 100 mg/dl and a baseline HDL-
cholesterol of less than 50 mg/dl in men and less
than 55 mg/dl in women. From these patients,
40% of those taking ezetimibe and 42% of those
taking niacin had diabetes. With the niacin—sta-
tin combination a greater reduction in carotid
intima-media thickness was observed when com-
pared with the ezetemibe—statin combination.
The effect of niacin therapy on mean carotid
intima-media thickness was consistent across
prespecified subgroups, including presence or
absence of diabetes. As with the HATS trial, a
significant reduction in cardiovascular events
was observed with the niacin—statin combina-
tion. However, the number of clinical events in
this trial was small and, therefore, cardiovascu-
lar event reduction over and above simvastatin
monotherapy should not yet be considered as
definitely proven.

Two large ongoing clinical outcome trials will
answer the question of whether addition of niacin
to statin-treated patients leads to further reduction
of cardiovascular events, the Atherothrombosis
Intervention in Metabolic Syndrome with Low
HDL/High Triglycerides and Impact on Global
Health Outcomes (AIM-HIGH) trial [202] and
the Heart Protection Study-2 — Treatment of
HDL to Reduce the Incidence of Vascular Events
(HPS-2-THRIVE) trial [203].

Overall, niacin is safe, both in monotherapy
and also in combination with statins. While
elevation of liver enzymes is possible, it is rare.
Niacin has the potential to worsen glycemic
control, but most studies have demonstrated
that niacin therapy has only a minor effect
on glucose levels in diabetic patients (75]. This
must be weighed against the beneficial effects
of niacin on diabetic dyslipidemia, which, as we
have shown previously, is a major driving force
behind cardiovascular event risk in statin-treated
high-risk patients with Type 2 diabetes [¢].
Importantly, the use of niacin has for a long time
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been limited as it causes vasodilation, known as
a ‘flush’, which significantly impairs compliance
with the drug. An extended-release formulation
considerably improved flush symptoms and more
recently the addition of the prostaglandin inhibi-
tor laropiprant resulted in a formulation that is
even more tolerable [76].

Cholesteryl transfer

protein inhibitors

The first CETP inhibitor to be tested was torce-
trapib. Although the drug increased HDL-
cholesterol by 46% and in addition lowered
LDL-cholesterol by 25%, it also significantly
increased mortality in the Investigation of Lipid
Level Management to Understand its Impact in
Atherosclerotic Events ILLUMINATE) trial
and all clinical trials with torcetrapib were con-
sequently halted (77]. The reason for the failure
of torcetrapib is unclear at present. One potential
reason for the link between torcetrapib and unfa-
vorable outcome may be an increase in aldosterone
and blood pressure conferred by torcetrapib, but
not by other CETP inhibitors. Therefore, other
inhibitors of CETP are still tested, for exam-
ple dalcetrapib and anacetrapib [78]. Recently,
preliminary data from an ongoing anacetrapib
trial have been presented which demonstrated
that anacetrapib reduces LDL-cholesterol levels
by nearly 40% and more than doubles HDL-
cholesterol levels in patients with or at high risk
of coronary heart disease [79]. Importantly, these
preliminary trial data, at least for a time period
of approximately 3 years, demonstrate a favora-
ble safety profile of anacetrapib [80]. Therefore, a
carefully optimistic attitude towards the concept

of CETP inhibition may be justified.

Combination lipid therapy to further
reduce LDL-cholesterol

Fibrates and omega-3 fatty acids primarily lower
triglyceride levels, pioglitazone and niacin lower
triglyceride levels and in addition efficaciously
raise HDL-cholesterol. Niacin lowers trigly-
ceride levels, raises HDL-cholesterol and lowers
LDL-cholesterol. It thus has a hybrid position
between drugs improving diabetic dyslipidemia
and drugs lowering LDL-cholesterol. Statins
are the most important LDL-lowering drugs.
However, ezetimibe and anion exchange res-
ins help to further reduce LDL-cholesterol in
statin-treated patients [3]. Considering that
LDL-cholesterol has a causal role in atherogen-
esis and because lower LDL-cholesterol is associ-
ated with a lower risk of cardiovascular events,
combination lipid therapy to further reduce
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LDL-cholesterol appears to be an interesting
option to reduce cardiovascular risk in high-risk
patients, particularly in patients with diabetes.

Ezetimibe
Ezetemibe reduces cholesterol absorption from
the intestine and is highly effective in lowering
LDL-cholesterol, achieving an average decrease
of 18% [81]. The combination of ezetimibe
10 mg/day with a standard statin (e.g., simva-
statin 40 mg/day) reduces LDL-cholesterol to
approximately the same amount as a highly
potent statin such as rosuvastatin 40 mg/day [82).
Ezetimibe is extremely well tolerated and is con-
sidered safe, particularly in combination with
statin therapy. Possible adverse effects, such
as gastrointestinal discomfort, are of minor
importance. Previous concerns regarding an
increased cancer risk with ezetimibe have not
been supported by meta-analyses [83].

Unfortunately, to date there is no evidence
that the addition of ezetemibe to a standard sta-
tin further reduces cardiovascular events over
and above statin monotherapy. The Effect of
Ezetimibe plus Simvastatin versus Simvastatin
alone on Atherosclerosis in Carotid Artery
(ENHANCE) trial investigated the effect of
a combination of ezetimibe plus simvastatin
versus simvastatin monotherapy on the pro-
gression of carotid intima-media thickness over
2 years in patients with familial hypercholeste-
rolemia. With regard to the primary comparison
the trial was indeterminate [84]. However, the
baseline carotid intima-media thickness in the
ENHANCE trial was considerably lower than in
previous intervention trials using carotid intima-
media thickness as a primary end point; this may
have concealed a beneficial effect of ezetimibe.

The Stop Atherosclerosis in Native Diabetics
Study (SANDS) compared carotid intima-
media thickness progression between a patient
group randomized to an aggressive target for
LDL-cholesterol (<70 mg/dl) and blood pres-
sure (systolic blood pressure <115 mmHg) and
a patient group randomized to standard treat-
ment. Overall, the carotid intima-media thickness
regressed over 3 years with aggressive treatment
and progressed with standard treatment [ss]. In the
aggressive treatment group approximately 30%
of subjects received ezetimibe because of insuffi-
cient LDL-cholesterol lowering with statins alone.
Post hoc analyses demonstrated that this subgroup
achieved the same degree of LDL-cholesterol low-
ering and almost identical regression of carotid
intima-media thickness as the subgroup of sub-
jects treated aggressively without ezetimibe. This
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result is considered by some as an indirect sup-
port for the efficacy of ezetimibe to prevent the
progression of carotid atherosclerosis [86].

The fact that there has been no evidence
to date from clinical trials that demonstrate a
benefit with ezetimbe plus statin combination
therapy over and above the benefit achieved with
statin monotherapy does not indicate that no
such benefit exists; lack of evidence does not
mean evidence of lack. Indeed, there are argu-
ments in favor of ezetimibe plus statin combina-
tion therapy. There is very strong evidence for a
causal role of LDL particles in the pathogenesis
of atherosclerosis. Furthermore, meta-analyses
of clinical trials employing both statin and non-
statin therapy have confirmed the role of LDL
lowering in determining clinical benefit and
provided evidence against a substantial impact
of pleiotropic statin effects on their efficacy to
reduce cardiovascular events [87].

In line with this reasoning, recent data from
the Simvastatin Ezetimibe Aortic Stenosis
(SEAS) study demonstrate an efficacy of the
combination simvastatin plus ezetimibe to reduce
ischemic coronary end points in patients with
aortic stenosis, although no effect of this combi-
nation on the progression of aortic stenosis was
observed [8s]. The effect of the combination on
the incidence of coronary events was particularly
strong in patients with mild aortic stenosis [89].

The Study of Heart And Renal Protection
(SHARP) examined whether simvastatin 20 mg/
day plus ezetimibe 10 mg/day compared with
double placebo can reduce cardiovascular clini-
cal events in 9438 patients with chronic kidney
disease, of whom one-third were on dialysis and
two-thirds in the predialysis state [90]. The trial
clearly demonstrated a reduction of cardiovascu-
lar events with the simvastatin—ezetimibe com-
bination therapy versus placebo [204]. However,
as a consequence of the study design, the ques-
tion of whether the same effect could also have
been achieved with simvastatin monotherpy
remains unanswered.

The ongoing IMProved Reduction of
Outcomes: Vytorin Efficacy International Trial
(IMPROVE-IT) [205] is testing the effect of
simvastatin 40 mg/day alone or in combination
with ezetimibe 10 mg/day in reducing major
cardiovascular events following acute coronary
syndromes in approximately 25,000 patients.

Anion exchange resins
Anion exchange resins interact with cholesterol
absorption from the intestine; unlike ezetimibe
they are not taken up systemically. Their effect
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on LDL-cholesterol is relatively modest; on
average LDL-cholesterol reductions of 10-15%
can be achieved [9192]. Resins slightly increase
triglyceride levels and do not significantly affect
HDL-cholesterol. In the Primary Prevention
Trial, cholestyramin monotherapy reduced the
combined end point of coronary death or non-
fatal myocardial infarction by 19% [92]. Anion
exchange resins therefore have a role as an
adjunct to statin treatment if LDL-cholesterol
targets are not achieved. The safety of resins
is well established. Their major disadvantage
was low tolerability due to gastrointestinal side
effects. Tolerability, however, could be signifi-
cantly improved with the novel colesevelam
hydrochloride formulation, which as an addi-
tional benefit lowers HbA in patients with
diabetes [93].

Compared with the first generation of bile
acid sequestrants, the second generation cole-
sevelam hydrochloride has a greater binding
capacity for bile acids [94]. Clinical studies
have shown that colesevelam monotherapy can
lower LDL-cholesterol levels by 15-19% [95,96].
Furthermore, colesevelam hydrochloride can
be safely combined with existing statin ther-
apy in patients who would benefit from addi-
tional LDL-cholesterol lowering. Colesevelam
hydrochloride, in combination with statin
therapy, can result in LDL-cholesterol reduc-
tions of 42% (with simvastatin 10 mg) to 48%
(with atorvastatin 10 mg) [97.98]. Importantly,
there is evidence that colesevelam hydrochol-
ride, in addition to lowering LDL-cholesterol,
improves glycemic control in patients with dia-
betes [93.99-101]. Therefore, colesevelam hydro-
chloride is the only drug currently approved as
an adjunct in the treatment of both hypergly-
cemia and hypercholesterolemia. It is thus a
very interesting option for add-on therapy in
diabetes patients treated with statins.

Cholesterol guidelines in patients
with diabetes

Given the overwhelming evidence for cardio-
vascular risk reduction with primarily LDL-
cholesterol-lowering statins, current guidelines
on lipid therapy in patients with diabetes are
strongly focused on LDL-cholesterol [102].
Type 2 diabetes is considered a coronary
heart disease risk equivalent and, therefore,
for all patients with Type 2 diabetes an LDL-
cholesterol goal of at least less than 100 mg/dl
is set. For the very high-risk subgroup of dia-
betic patients with established cardiovascular
disease a lower LDL-cholesterol goal of less than
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70 mg/dlis referred to as an option. Importantly,
statin therapy is recommended irrespective of
lipid values in patients with the combination of
diabetes plus cardiovascular disease as well as in
diabetic patients without cardiovascular disease
who are over the age of 40 years and have one or
more other cardiovascular disease risk factors.

Triglyceride levels of less than 150 mg/dl and
HDL-cholesterol of less than 40 mg/dl in men
and less than 50 mg/dl in women are consid-
ered desirable, but the current clinical practice
recommendations of the American Diabetes
Association do not explicitly recommend com-
bination therapy to reach these goals. LDL-
cholesterol-targeted statin therapy remains the
preferred strategy; however, if targets are not
reached on maximally tolerated doses of stat-
ins, it is recommended to consider combination
therapy using statins and other lipid-lowering
agents in order to achieve lipid targets.

Unfortunately, there is a considerable gap
between guideline recommended targets or trial
evidence and clinical reality. For example, an
interesting recent evaluation of the real world
treatment of mixed dyslipidemia in patients
with diabetes revealed that over 40% of diabe-
tes patients with mixed dyslipidemia received
no lipid-modifying therapy at all and those who
were treated were primarily prescribed statin
monotherapy [103].

Conclusion

Given the large body of evidence from numer-
ous large clinical trials, statin therapy is cur-
rently the basis for lipid management in patients
with Type 2 diabetes. However, the majority of
cardiovascular events even with potent statin
therapy are not prevented. Combination ther-
apy with other lipid-lowering interventions may
provide additional benefits. Data from large out-
come trials are still limited; however, currently
available evidence to date already provides a
rationale for combination lipid therapy in Type 2
diabetic patients.
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Executive summary

cardiovascular disease.

given in combination with statins.

LDL-cholesterol.

= The majority of cardiovascular events, however, is not prevented by statin therapy.

= Patients with Type 2 diabetes typically exhibit a pattern of dyslipidemia with high triglyceride levels, low high-density lipoprotein (HDL)-
cholesterol and small, dense LDL particles, which is hardly improved by LDL-cholesterol-lowering statin therapy.

= Fibrates and omega-3 fatty acids, alone and in combination with statin therapy, primarily reduce triglyceride levels.

= Niacin alone and in combination with statins reduces triglyceride levels and also efficaciously raises HDL-cholesterol and lowers

= Cardiovascular disease determines the prognosis of patients with Type 2 diabetes, and lipids play a key role in the development of

= Statins primarily lower low-density lipoprotein (LDL)-cholesterol and in numerous controlled randomized trials have been shown to
reduce cardiovascular events in various patient populations, in particular in patients with Type 2 diabetes.
= Statins are therefore the basis of lipid therapy in patients with Type 2 diabetes and lipid-lowering drugs other than statins are usually

= Both ezetimibe and anion exchange resins alone and, in particular, in combination with statins lower LDL-cholesterol.
= Data from large clinical end point trials providing definitive proof for the efficacy of combination lipid therapy to prevent cardiovascular
events over and above statin monotherapy in patients with diabetes are not yet available.
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