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Summary

Hypertriglyceridemia is an important marker of increased levels
of highly atherogenic remnant-like particles. The importance of
lowering plasma levels of triglycerides (TG) has been called into
question many times, but currently it is considered an integral
part of residual cardiovascular risk reduction strategies. Lifestyle
changes (improved diet and increased physical activity) are
effective TG lowering measures. Pharmacological treatment
usually starts with statins, although associated TG reductions are
typically modest. Fibrates are currently the drugs of choice for
hyperTG, frequently in combination with statins. Niacin and
omega-3 fatty acids improve control of triglyceride levels when
the above measures are inadequately effective. Some novel
therapies including anti-sense oligonucleotides and inhibitors of
microsomal triglyceride transfer protein have shown significant
TG lowering efficacy. The current approach to the management
of hypertriglyceridemia is based on lifestyle changes and, usually,
drug combinations (statin and fibrate and/or omega-3 fatty acids

or niacin).
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Introduction

Hypertriglyceridemia was recognized as an

independent risk factor of cardiovascular disease (CVD)

more than two decades ago when Austin and co-workers
published their summary paper on the topic (Austin et al.
1998). However, the role of elevated triglyceride (TG)
levels in the pathogenesis of atherosclerosis has been
called into question many times since then. This was
particularly the case when a number of trials testing
whether TG reduction translates into a reduction of CVD
events yielded rather ambiguous results (reviewed by
Sacks et al. 2010). Today, the focus of our attention has
been driven towards TGs as markers of remnant-like
particles (RLP). RLPs are heterogeneous lipoprotein
species that are highly atherogenic and are primarily
comprised of chylomicrons and VLDL particles and their
remnants (Varbo et al. 2013). The plasma of patients with
metabolic syndrome, insulin resistance, and type 2 diabetes
is typically enriched with RLPs and it is believed that these
are the most important lipoproteins of atherogenic
dyslipidemia, which is an important component of residual
CVD risk (Fruchart et al. 2014). Cholesterol being carried
within the RLPs can be taken up by macrophages via
scavenger receptors that are not down regulated by the
thus,
RLP-cholesterol contributes greatly to the formation of

excess of intracellular  cholesterol  and,
foam cells, which is a requisite cell type for the initial
1995).

RLP-cholesterol has been shown to be the most sensitive

atherosclerotic lesion (Nordestgaard et al
marker of risk in some recent studies and it correlates
closely with the levels of both non-HDL-cholesterol and
triglyceride concentrations (Varbo et al. 2013, Jorgensen et
al. 2013). Moreover, as demonstrated by the Copenhagen
group, the relative proportion of cholesterol being carried
by RLPs gradually increases with rising TG levels (Fig. 1,
according to Varbo et al. 2014.)
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Fig. 1. Relative concentration of cholesterol in remnant-like
particles as a function of increasing TG levels.

Therapeutic lifestyle changes in the
management of hypertriglyceridemia

Diet is an effective way to lower elevated TG
levels. All dietary changes that lead to weight loss
in overweight or obese patients reduce
hypertriglyceridemia; although, not all use the same
mechanisms (Chapman et al. 2011). Decreased intake of
dietary fats leads to lower amounts of intestinally-derived
thus,

hyperlipidemia (Ooi et al. 2015). Reduced consumption

lipoproteins and, lowers postprandial
of simple sugars (mono and diglycerides) helps improve

insulin resistance and positively impacts hepatic

production of TG-rich lipoproteins. In experiments
comparing isocaloric doses of fructose and glucose,
Havel’'s group demonstrated an interesting and
significantly greater increase in insulin resistance (as well
as in TG levels) associated with fructose consumption
(Stanhope et al. 2015). Thus, not only the total intake of
dietary carbohydrates, but also their types, are crucial
regulators of postprandial and (to a lesser extent) fasting
TG levels. Alcohol consumption should be reduced as
alcohol (in a dose >20 g/day) increases and prolongs
postprandial hyperlipidemia and leads to overproduction
of lipoproteins (both intestinal and hepatic) as well as
delayed and decreased lipolysis and slower processing in
liver cells (Klop ef al. 2013). A summary of the effects of
selected dietary components on TG levels is shown in

Table 1.

Recommendations to increase physical activity
represent a necessary condition in all patients presenting
with hyperTG. Not only does regular physical activity
via activation of intraluminal
(thereby
clearance

decrease TG levels

lipoprotein  lipase expression increasing

of TG-rich
lipoproteins), but it also affects insulin resistance,

intravascular lipolysis and
decreases elevated glucose levels and improves overall
cardiovascular fitness. Unfortunately, the benefits derived
from physical activity are only temporary and disappear
within a few weeks of its discontinuation (Plaisance and
Fisher 2014, Gordon et al. 2014).

Specific dietary recommendations to
decrease elevated TG levels

Pharmacological doses of omega-3 fatty acids
(FAs) in the management of hypertriglyceridemia can be
found on the boundary between pharmacological
treatment and dietary recommendations. A number of
studies have shown the impact of supplementation with
fish oils or omega-3 fatty acids formulations on CVD
risk; however, the results from these studies have been
ambiguous (Vrablik et al. 2009). Nevertheless, the impact
of gram-doses of omega-3 FAs has been shown to reduce
elevated TG levels. Their role in the management of
grossly elevated TGs has been demonstrated, accepted,
and incorporated into guidelines (Reiner ef al. 2011).
However, a few unresolved issues remain; e.g. is there
arole for omega-3 FAs in the context of moderate TG
elevations (up to 5 mmol/l), particularly in patients
treated with statins. Current guidelines recommend
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omega-3 FAs as an adjunct to other therapies if their

TG lowering efficacy 1is not satisfactory and

hypertriglyceridemia persists 2011,

Chapman et al. 2011).

(Reiner et al

Pharmacological treatment

Currently, there are several pharmacological
options used for the reduction of increased TG levels and
practically all available lipid lowering therapies have
been shown to modify TG levels in the plasma. However,
not all of them have clinically meaningful effects.

Statins

Statins reduce triglyceride levels by 10 to 20 %
from baseline values (Reiner 2010, Reiner et al. 2011).
Figure 2 shows the TG lowering effects of selected statins
as reported by major randomized clinical trials.

TG reduction (%)
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Fig. 2. Effects of statins on TG levels in selected randomized
clinical trials.

The mechanism of the TG lowering effect has
not been fully elucidated, but it seems to be independent
of the
upregulation of VLDL uptake by hepatocytes, as well as

LDL-receptor pathway. It may involve
a reduction in the production rate of VLDLs; these effects
to be VLDL

concentrations in the plasma (Sharma et al. 2014).

seem dependent on pre-treatment
Although statins represent the therapy of choice for the
majority of patients, these agents are not typically
indicated for the treatment of hypertriglyceridemia.
However, given the above, TG lowering medications are
frequently co-administered with statins in combination

regimes.

Fibrates

Agonists of nuclear PPAR alpha receptors
(i.e. fibrates) have been used in the treatment of
hypertriglyceridemia and mixed dyslipidemias for many

decades. These medications are now the most frequently
used pharmacological option for the reduction of
increased TG levels. Activation of the primary target of
fibrates (i.e. PPARalpha receptors) results in a number of
changes in intermediate metabolism ranging from an
increase in the beta-oxidation of fatty acids to decreased
secretion of VLDL from hepatocytes, and, most
importantly, to activation of the lipoprotein lipase (LPL)
gene together with suppression of transcription of the
gene for apolipoprotein CIII (an inhibitor of LPL activity)
(Shah et al. 2010). The described effects lead to increased
clearance of TG-rich lipoproteins and their enhanced
catabolism, thus resulting in significant reductions in
plasma TG levels (Saha et al. 2007).

In long-term clinical trials, fibrates have been
shown to reduce TG levels, on average, between 20-30 %

(Fig. 3).
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Fig. 3. Effects of fibrates on TG levels in selected randomized
clinical trials.

Some smaller studies have suggested even more
profound effects with reductions of 60 % or more from
baseline values. However, these dramatic reductions are
most often seen in individuals with marked elevations of
TG levels before treatment (McKeage and Keating 2011).

Recently, Ginsberg’s group published an elegant
study showing that fenofibrate significantly attenuates
postprandial fluctuations of triglycerides and prevents
significant increases in postprandial TG levels in

susceptible individuals. Moreover, not only is
postprandial hepatic production of VLDL suppressed by
fenofibrate, but intestinal synthesis (as measured by
assessment of apolipoprotein B48 concentrations in the
plasma) is also decreased (Reyes-Soffer et al. 2013).
These data further expanded our understanding of the
multiple faces of fibrate action in lipoprotein metabolism.
These postprandial effects are of particular importance
given the most recent data from a Danish group

indicating that postprandial plasma TG concentration is
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the best predictor of both coronary and cerebrovascular
events risk, even outweighing LDL-cholesterol itself
(Nordestgaard and Varbo 2014).

Nicotinic acid

Nicotinic acid (or niacin) has long been valued
for its complex lipid modifying effects including marked
decreases in plasma TG levels. In a dose-dependent
manner, niacin was demonstrated to lower TGs by more
than 40 % and, in some cases, more than 50 % from
baseline values (Bodor and Offermanns 2008). Again, in
those with marked elevations of TG concentrations,
niacin had a greater effect compared to moderately
hypertriglyceridemic patients. There are several effects of
niacin that explain its well described lipid lowering
efficacy. Niacin directly and noncompetitively inhibits
hepatocyte diacylglycerol acyltransferase-2, a key
enzyme in TG synthesis. The inhibition of TG synthesis
by niacin results in accelerated intracellular hepatic apo B
degradation and the decreased secretion of VLDL and
LDL particles. Previous kinetic studies in humans and
recent in vitro cell culture findings indicate that niacin
mainly slows hepatic catabolism of apo A-I (vs. apo
A-II), but not scavenger receptor Bl-mediated cholesterol
esters. Decreased HDL-apo A-I catabolism by niacin
HDL half-life and

concentrations of lipoprotein A-I HDL sub-fractions

explains the increases in
(Al-Mohassien et al. 2010). Surprisingly, free fatty acid
mobilization from adipose tissue via the G protein-
coupled niacin receptor has been suggested as
a mechanism by which niacin decreases TGs; however,
this pathway is likely to be a minor factor in explaining
the lipid effects of niacin (Kammana et al. 2013).

Niacin has been widely tested in clinical studies
both as monotherapy and in combination with other lipid
These

demonstrated the positive impact of niacin on all

lowering  drugs. studies have consistently
lipoprotein classes including lowering lipoprotein (a).
The magnitude of the TG lowering effect is dose
dependent and, as with statins and fibrates, seems to be
greater in patients with higher pre-treatment levels
(Bruckert et al. 2010). Changes in plasma TG levels
achieved in the largest clinical trials with niacin are
summarized in Figure 4.

Despite a very long history of successful niacin
use as a lipid modifying agent, most recent clinical
studies have clearly demonstrated that there is no benefit
to adding niacin to statin treatment (Boden et al. 2011).

Moreover, in the HPS-THRIVE 2 study, in which

a combination of niacin and laropiprant (an inhibitor of
the prostaglandin D2 receptor that reduces flushing
associated with niacin use) was used, investigators
observed an increased risk of cerebrovascular events in
the active treatment arm (Landray et al. 2014). Based on
the latest data, niacin use is now more limited, but still
has indications in special situations, such as severe
hypertriglyceridemia refractory to alternative treatment
options (Zeman et al. 2015).
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Fig. 4. Effects of niacin on TG levels in selected randomized
clinical trials.

Ezetimibe
The effect
concentration is typically modest and its core indication

of ezetimibe on plasma TG

remains cholesterol lowering as a component of
combination regimes with statins. Ezetimibe acts as an
inhibitor of the Nieman-Pickl-Cl-like protein, found on
the brush border of enterocytes, which blocks cholesterol
absorption in the intestine. This leads to reduced influx of
intestinal lipoproteins bound to cholesterol, which reduces
the amount of cholesterol transported to liver cells and
leads to greater expression of LDL-receptors on their
surface, thus increasing clearance of LDL particles from
the plasma. Given the interference of ezetimibe with the
formation of intestinally-derived lipoproteins (as
demonstrated directly in animal experiments), it is not
surprising that it reduces fluctuations in postprandial
lipemia (Naples et al. 2012). In addition, in the context of
insulin resistance, ezetimibe administration leads to greater
reduction of RLP-cholesterol than when insulin sensitivity
is normal. Moreover, Tasake et al. showed elegantly that
ezetimibe reduces visceral fat mass as well as production
of adipocytokines in patients with metabolic syndrome
(Tasake et al. 2012). Most recently, results from the
IMPROVE-IT trial demonstrated the superior efficacy of
ezetimibe in type 2 diabetics compared with the entire

cohort, which might have been mediated by the positive
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changes in RLP metabolism and modulation of
postprandial lipid metabolism (Cannon ef al. 2015).

Therefore, in spite of the modest impact of
ezetimibe on TG concentrations observed in clinical
studies, this drug may well find a place in the treatment
of mixed dyslipidemias characterized by elevations of not
only non-HDL cholesterol but, most importantly, RLP-
cholesterol.

It is noteworthy that the ezetimibe safety profile
is excellent and the medication is usually very well
tolerated (Battaggia et al. 2015).

Novel therapies and their impact of TG levels

In recent years we have witnessed increased

interest in novel options for the management of
dyslipidemia, and research into lipid modifying agents
has brought a number of new therapeutic options; some
of these have already been registered, while others are
currently close to entering clinical use.

A very special treatment option for severe
hypertriglyceridemia associated with deficiency of
lipoprotein lipase is the first gene therapy approved for
use in humans; more specifically, an adenovirus
associated vector (AAV- alipogene tiparvovec), which
contains a variant of the LPL gene displaying greater
lipolytic activity compared to the common variant
(LPL3**"®). Treatment is administered as a series of
intramuscular injections after which LPL%*"* gene
expression can be detected in recipient tissues.
Decreases in TGs as great as 40 % from baseline values
have been reported in some, but not all, treated
individuals. However, expression of the transgene is
temporary and TG levels typically rise again and reach
pre-treatment levels within 26 weeks (Stroes er al.
2008). Despite this, subjects treated in clinical trials
experienced significantly fewer episodes of acute
pancreatitis compared to the period before treatment,
and kinetic studies have demonstrated lower
chylomicron TG content and their remnants, suggesting
residual LPL***"* activity may persist. Most importantly,
this treatment option represents the first gene therapy
approved in humans and an important hope for
otherwise difficult to treat patients with familial LPL
deficiency (Bryant ef al. 2013).

Lomitapide, a selective inhibitor of microsomal
triglyceride transfer protein (MTTP), has been approved
for  the

hypercholesterolemia;

treatment  of  homozygous  familial

however, it also possesses

significant triglyceride lowering properties (Kolovou et
al. 2015). MTTP mediates lipidation of apolipoprotein B,
which is a crucial step in the formation of many
lipoprotein species that range from intestinally-derived
chylomicrons to hepatic VLDL and LDL particles. Since
this effect is not mediated by the LDL-receptor pathway,
lomitapide also offers a unique treatment option for
familial hypercholesterolemia homozygotes with little or
no residual receptor activity (Raper et al. 2015). Given its
mechanism of action, it is not surprising that lomitapide
administration also results in a significant reduction in
plasma TG levels, which may reach two thirds of the
baseline values. MTTP inhibition can also be successfully
used in the treatment of the abovementioned familial
chylomicronemia. Sacks and co-workers reported on
a case involving long-term lomitapide administration in
a patient with familial chylomicronemia; they observed

levels that exceeded 80 %.
treatment was associated with

reductions in TG
Unfortunately, the
development of liver steatosis that subsequently
progressed to fibrosis; thus, the authors recommend that
MTTP inhibition be considered only in patients with
severe hypertriglyceridemia that triggers repetitive bouts
of acute pancreatitis and is refractory to other treatment
options (Sacks et al. 2014).

Mipomersen, an antisense oligonucleotide
interfering with messenger ribonucleic acid during the
translation and assembly of apolipoprotein B100, has
been approved in the United States for the treatment of
homozygous familial hypercholesterolemia. The effects
of mipomersen parenteral administration observed in
in the
concentrations of all apoB100 containing lipoproteins
(VLDL, IDL and LDL) by 25 to 65 % (Gouni-Berthold
and Berthold 2015). This effect is thought to be
explained mostly by the blocking of translation and
decreased production of lipoprotein species. This
findings that show that

mipomersen administration was not associated with a

clinical trials were due to a reduction

explanation  supports
marked decrease of hepatic VLDL production, but
rather was associated with increased catabolism of both
VLDL and LDL apoB (Reyes-Soffer et a/ 2014). This is
in line with other previous

findings confirming

significant  post-translational
with
degradation of the protein (Olofsson and Borén 2012).
in VLDL and IDL particle

metabolism induced by mipomersen, it is not surprising

regulation of apoB

secretion variable levels of intracellular

Given the changes

that treatment leads to significant changes in TG
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concentrations. Even in populations where mipomersen

has found its primary indication (i.e. familial
hypercholesterolemia, in which triglycerides typically
are within normal range), administration of the
oligonucleotide resulted in decreases between 15 and
25 % (Najam and Ray 2015). A recent meta-analysis of
eight trials with mipomersen concluded that the average
decrease in TG levels with mipomersen reached 36 %
(Li et al. 2014). Since the medication reduces the
concentrations of apoCIII, which is a potent inhibitor of
VLDL and LDL clearance, as well as a powerful
predictor of coronary artery disease risk, it might
contribute to the observed significant TG lowering
effect (Furtado et al. 2012).

The most intensively studied group of novel
lipid modifying therapies is the monoclonal antibodies
against proprotein convertase subtilisin kexin 9 (PCSK9).
These agents block degradation of LDL-receptors
(LDL-R) in lysosomes, increase re-circulation of LDL-R
proteins and, thus, lead to an increased density of
LDL-Rs on the surface of hepatocytes. This represents
the primary mechanism by which PCSK9 inhibitors lead
to substantial decreases in plasma concentrations of LDL-
cholesterol, which may exceed 70 % from baseline values
(Giugliano and Sabatine 2015).

performed so far, there was a significant decrease in TG

In clinical trials
levels associated with the use of these new drugs;
however, it seems rather modest compared to the
magnitude of its LDL lowering efficacy (Fig. 5) (Li et al.
2015).
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Fig. 5. Effects of PCSK9 inhibitors on TG levels in selected
randomized clinical trials.

However, it should be noted that most of the
subjects in the studies performed so far had low TG
levels and, thus, it may well be the LDL receptor
upregulation induced by the PCSK9 monoclonals might
substantial TG
hypertriglyceridemic individuals.

translate in  more lowering in

Current approach to the management of
hypertriglyceridemia

Elevated levels of plasma TG are found in many
different clinical situations, most of which are also
associated with increased CVD risk. The management of
hyperTG always relies on a combination of dietary and
lifestyle changes and, when increased TG levels persist,
on combination pharmacotherapy. The 2011 EAS/ESC
guidelines for management of dyslipidemia suggest
a treatment algorithm for hyperTG management, which
emphasizes  exploitation of  non-pharmacological
measures and elimination of aggravating factors first and
then

(according to Reiner ef al. 2011).

initiation of pharmacological therapy (Fig. 6)

High risk patient at LDL-c goal with
persistent TG > 2,3 and/or low HDL-c

L

* Improve diet
* Compliance assessment
* evaluate possible secondary causes

L

Inadequate improvement ?

Add fibrate/omega 3 FA More intensive LDL-c lowering

Fig. 6.  Algorithm  summarizing  recommendations  for
management of patients with hypertriglyceridemia according to
2011 EAS/ESC guidelines.

Most with hyperTG, for whom

pharmacological treatment is considered, also have high

patients

or very high CVD risk. Therefore, even in these
individuals, statins are drugs of choice in an effort to help
them reach their non-HDL cholesterol targets, and it is
recommended that the more potent statins
(e.g. atorvastatin, rosuvastatin, and pitavastatin) be used
first. If hyperTG persists and triglyceride levels are
greater than 2.3 mmol/l despite adequate statin doses,
then combination therapy with a fibrate is recommended
(Chapman et al. 2011, Reiner 2013). Given the safety
profile and documentation from randomized clinical
trials, fenofibrate is probably the preferred choice for
combination regimes. As is consistent with other fibrate
trials, the only random controlled trial testing the statin +
fibrate combination (ACCORD) concluded that the

combination seems to reduce CVD risk, but only in
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patients with high TGs (Ginsberg et al. 2010). Niacin,
which was formerly recommended, has been mostly
abandoned as the latest clinical trials have shown no
benefit in the reduction of CVD risk; however, treatment
may still be considered in the management of severe
hyperTG. Combinations of statins and high doses of
omega-3 FAs can also lead to a more significant
reduction of triglycerides than statin monotherapy alone,
but the impact of the combination on CVD outcomes
remains questionable (Nestel et al. 2015). Smaller studies
have reported even greater TG reductions through the use
of triple therapy (statin-fibrate-omega-3 FAs) (Pirillo and
Catapano 2015).

As summarized with
metabolism of TG-rich

above, combinations

ezetimibe might improve
lipoproteins. In statin intolerant patients with hyperTG,
a combination of fenofibrate and ezetimibe might also be
considered. In a smaller study by Farnier and co-workers,
this combination resulted in a significantly greater
proportion of patients reaching non-HDL cholesterol
goals then either therapy alone; however, ezetimibe did
not appear to add to the TG lowering effect of fenofibrate
(Farnier et al. 2005). Nevertheless, ezetimibe finds its
role in patients with mixed dyslipidemias, in whom it
helps achieve non-HDL cholesterol targets and improve

postprandial hyperlipidemia.
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