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a b s t r a c t

27Elevated plasma triglyceride (TG) concentrations are associated with an increased risk of atherosclerotic
28cardiovascular disease (CVD), hepatic steatosis and pancreatitis. Existing pharmacotherapies, such as
29fibrates, n-3 polyunsaturated fatty acids (PUFAs) and niacin, are partially efficacious in correcting ele-
30vated plasma TG. However, several new TG-lowering agents are in development that can regulate the
31transport of triglyceride-rich lipoproteins (TRLs) by modulating key enzymes, receptors or ligands
32involved in their metabolism.
33Balanced dual peroxisome proliferator-activated receptor (PPAR) a/c agonists, inhibitors of microsomal
34triglyceride transfer protein (MTTP) and acyl-CoA:diacylglycerol acyltransferase-1 (DGAT-1), incretin
35mimetics, and apolipoprotein (apo) B-targeted antisense oligonucleotides (ASOs) can all decrease the
36production and secretion of TRLs; inhibitors of cholesteryl ester transfer protein (CETP) and angiopoie-
37tin-like proteins (ANGPTLs) 3 and 4, monoclonal antibodies (Mabs) against proprotein convertase subtil-
38isin/kexin type 9 (PCSK9), apoC-III-targeted ASOs, selective peroxisome proliferator-activated receptor
39modulators (SPPARMs), and lipoprotein lipase (LPL) gene replacement therapy (alipogene tiparvovec)
40enhance the catabolism and clearance of TRLs; dual PPAR-a/d agonists and n-3 polyunsaturated fatty
41acids can lower plasma TG by regulating both TRL secretion and catabolism.
42Varying degrees of TG reduction have been reported with the use of these therapies, and for some
43agents such as CETP inhibitors and PCSK9 Mabs findings have not been consistent. Whether they reduce
44CVD events has not been established. Trials investigating the effect of CETP inhibitors (anacetrapib and
45evacetrapib) and PCSK9 Mabs (AMG-145 and REGN727/SAR236553) on CVD outcomes are currently in
46progress, although these agents also regulate LDL metabolism and, in the case of CETP inhibitors, HDL
47metabolism. Further to CVD risk reduction, these new treatments might also have a potential role in
48the management of diabetes and non-alcoholic fatty liver disease owing to their insulin-sensitizing
49action (PPAR-a/c agonists) and potential capacity to decrease hepatic TG accumulation (PPAR-a/d ago-
50nists and DGAT-1 inhibitors), but this needs to be tested in future trials.
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We summarize the clinical trial findings regarding the efficacy and safety of these novel therapies for
hypertriglyceridemia.

52 � 2014 Published by Elsevier Ltd.
53

56

5758 Contents

59 1. Classification, etiology and clinical significance of hypertriglyceridemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
60 2. Metabolic mechanisms underlying hypertriglyceridemia: the role of insulin resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
61 3. Mechanisms underlying the atherothrombotic properties of TRLs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
62 4. Contemporary therapies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
63 5. Fibrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
64 6. n-3 PUFAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
65 7. Niacin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
66 8. Thiazolidinediones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
67 9. Statins and ezetimibe. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
68 10. Apheresis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
69 11. Treatment of hypertriglyceridemia and non-alcoholic fatty liver disease (NAFLD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
70 12. LPL gene replacement therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
71 13. Treatments in the drug development pipeline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
72 13.1. Dual PPAR-a/d agonists. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
73 13.2. Balanced PPAR-a/c agonists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
74 13.3. Incretin mimetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
75 14. MTTP inhibitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
76 15. Acyl-CoA:diacylglycerol acyltransferase-1 (DGAT-1) inhibitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
77 16. CETP inhibitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
78 17. Angiopoietin-like protein (ANGPTL) inhibitors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
79 18. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
80 19. ApoB-100 antisense oligonucleotides (ASOs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
81 20. ApoC-III ASOs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
82 21. ApoE mimetic peptides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
83 22. Selective PPAR modulators (SPPARMs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
84 23. New n-3 PUFA formulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
85 24. Curcuminoids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
86 25. CAT-2003 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
87 26. RNA interference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
88 27. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
89 Conflict of Interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
90 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

91

92

93 1. Classification, etiology and clinical significance of
94 hypertriglyceridemia

95 Hypertriglyceridemia refers to a fasting plasma triglyceride
96 (TG) concentration above the 95th percentile for age and sex in a
97 population, with most international guidelines defining it at a
98 threshold of P1.7 mmol/L (Table 1). These guidelines generally
99 recognize elevated plasma TG as being mild, moderate, severe

100 and very severe [1–5].
101 Elevated plasma TG is emerging as an independent risk factor
102 for Type 2 diabetes, metabolic syndrome and atherosclerotic
103 cardiovascular disease (CVD) [5,6], with a prevalence of up to

10430–50% in these populations. According to the recent Mendelian
105randomization studies, loss-of-function mutations in the gene
106encoding apolipoprotein C-III (APOC3) are associated with low
107plasma TG concentrations and a reduced risk of ischemic CVD in
108the general population; thus providing evidence on the causal role
109between hypertriglyceridemia and CVD [7,8]. The management of
110hypertriglyceridemia has been reviewed recently [1,5,9], and the
111following sections briefly summarize the clinical significance of
112hypertriglyceridemia and the mechanisms involved in its
113etiopathogenesis.
114Hypertriglyceridemia arises from a complex interplay between
115several genetic susceptibility loci and environmental factors that

Table 1
Categories of hypertriglyceridemia, as defined by international guidelines [1–5].

NCEP ATPIII Endocrine society European atherosclerosis society International atherosclerosis society

Category mmol/La Category mmol/L Category mmol/L Category mmol/L

Normal <1.7 Normal <1.7 Desirable <1.7 Normal <1.7
Borderline high 1.7–2.3 Mild 1.7–2.3 Elevated 1.7–5.5 Elevated 1.7–5.7
High 2.3–5.6 Moderate 2.3–11.2 Very high 5.5–25.0 Severe >5.7
Very high >5.6 Severe 11.2–22.4 Extremely high >25.0

Very severe >22.4

a �88.5 to convert from mmol/L to mg/dL.
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