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Abstract

Purpose of Review Hypertriglyceridemia (HTG) is common and is a significant contributor to atherosclerosis and pancreatitis 

risk. Specific HTG treatments have had variable success in reducing atherosclerosis risk. Novel therapies for severe HTG 

treatment and pancreatitis risk reduction are likely to be available soon. These novel therapies are expected to have broader 

applications for more moderate HTG and atherosclerosis risk reduction as well.

Recent Findings NHANES 2012 data has confirmed a reduction in average triglyceride (TG) levels in the US popula-

tion. Dietary modification and weight reduction when needed remain the core treatment elements for all individuals with 

HTG, while statin therapy is a foundational pharmacologic care for atherosclerotic cardiovascular disease (ASCVD) 

event risk reduction. In addition, the REDUCE-IT study provides evidence for additional benefit from the use of high-

dose icosapent ethyl (IPE) on top of background medical therapy in adults with moderate HTG and ASCVD or type 

2 diabetes mellitus (T2D) and additional ASCVD risk factors. However, treatment with eicosapentaenoic acid (EPA) 

combined with docosahexanoic acid (DHA) did not reduce ASCVD in a similar population studied in the STRENGTH 

trial. Furthermore, novel therapeutics targeting PPAR-ɑ, as well as ApoC-III and AngPTL3, effectively lower TG levels 

in individuals with moderate and severe HTG, respectively. These treatments may have applicability for reducing risk 

from ASCVD among individuals with chylomicronemia; in addition, ApoC-III and AngPTL3 treatments may have a 

role in treating individuals with the rare monogenic familial chylomicronemia syndrome (FCS) at risk for acute pan-

creatitis (AP).

Summary Residual ASCVD risk in individuals treated with contemporary care may be due in part to non-LDL lipid abnor-

malities including HTG. The findings from REDUCE-IT, but not STRENGTH, confirm that consumption of high-dose EPA 

may reduce ASCVD risk, while combination therapy of EPA plus DHA does not reduce ASCVD in a similar population. 

TG lowering likely reduces ASCVD risk in individuals with HTG, but ASCVD risk is multifactorial; the added benefit of 

IPE to contemporary preventive therapy is the consequence of differential non-TG biologic properties between the two fatty 

acids. Acute pancreatitis is more difficult to study prospectively since it is less common; however, TG lowering is likely 

critical for the care of at-risk individuals. Additional benefit from novel therapy that has an impact on this otherwise refrac-

tory condition is anticipated.
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apoB  Apolipoprotein B

apoC-III  Apolipoprotein C-III

apoE  Apolipoprotein E

ASCVD  Atherosclerotic cardiovascular disease

ASO  Antisense oligonucleotide

CETP  Cholesteryl ester transfer protein

CM  Chylomicron

CMr  Chylomicron remnant

CVD  Cardiovascular disease

DHA  Docosahexaenoic acid

EPA  Eicosapentaenoic acid

FA  Fatty acid

FCHL  Familial combined hyperlipidemia

FCS  Familial chylomicronemia syndrome

FDBL  Familial dysbetalipoproteinemia

FHTG  Familial hypertriglyceridemia

GH  Growth hormone

HL  Hepatic lipase

hPGH  Human placental growth hormone

hPL  Human placental lactogen

hsL  Hormone-sensitive lipase

HTG  Hypertriglyceridemia

HTG-AP  Hypertriglyceridemia-associated 

pancreatitis

IDL  Intermediate-density lipoprotein

LA  Linoleic acid

LD  Lipodystrophy

LP  Lipoproteins

LPL  Lipoprotein lipase

MCS  Multifactorial chylomicronemia 

syndrome

MCT  Medium chain triglyceride

mRNA  Messenger ribonucleic acid

MUFA  Monounsaturated fatty acid

NAFLD  Non-alcoholic fatty liver disease

NHANES  National Health and Nutrition Examina-

tion Survey

NLA  National Lipid Association

O3FA  Omega-3 fatty acid

PCSK9  Proprotein convertase subtilisin/kexin-9

PPAR-ɑ  Peroxisome proliferator-activated 

receptor-ɑ
PUFA  Polyunsaturated fatty acid

SFA  Saturated fatty acid

T2DM  Type 2 diabetes mellitus

TC  Total cholesterol

TG  Triglycerides

TRL  Triglyceride-rich lipoprotein

TRLr  Triglyceride rich lipoprotein remnant

VLDL  Very low-density lipoprotein

VLDLr  Very low-density lipoprotein remnant

VLFD  Very low-fat diet

Introduction

Hypertriglyceridemia (HTG) is a common condition asso-

ciated with multiple medical concerns. Most importantly, 

HTG increases the risk for atherosclerotic cardiovascular 

disease (ASCVD) and acute pancreatitis (AP), and national 

guidelines support attention to and treatment of HTG to 

reduce risk. We provide an update on the background, 

mechanisms, epidemiology, manifestations, interventions, 

and rationale for the treatment of HTG and review novel 

therapies in development.

Summary of TG-Rich Lipoprotein Life Cycle

Triglycerides (TG) are non-polar macromolecules with poor 

solubility in blood that require lipoproteins (LP) to circulate. 

There are multiple mechanisms that regulate the synthesis, 

condensation, and remodeling of TG-rich LP (TRL) and 

clearance from the circulation. Serum TG levels are heavily 

influenced by a combination of environmental and genetic 

factors. Environmental conditions that may influence TG 

levels include diet, alcohol intake, physical activity, pharma-

cology, adipose function, skeletal muscle function/activity, 

liver fat, insulin resistance or deficiency, and hormonal sta-

tus. Rarely does the inheritance of biallelic genetic variants 

or the inheritance of multiple less severe variants impacts 

TG levels without significant environmental influences.

Since their inception, national and international lipid 

guidelines have been consistent about the need to manage 

severe HTG to prevent AP. However, guidelines have var-

ied in recommendations to manage moderate HTG for the 

prevention of ASCVD as clinical data unfolds in this space 

[1]. Nonetheless, HTG management strategies uniformly 

emphasize the importance of a healthy lifestyle, especially 

dietary intervention and weight reduction when needed, and 

recent guidelines affirm a treatment strategy.

Hypertriglyceridemia Diagnosis 
and Classi�cation

The major US and European lipid guidelines have desig-

nated different thresholds for HTG classification (Table 1).

HTG classification is based on fasting serum TG con-

centrations, but non-fasting serum TG concentrations may 

have improved predictive value for ASCVD. The European 

guideline supports a non-fasting lipid profile, and the 2018 

AHA/ACC/MS guideline recommends either fasting or non-

fasting lipid profile for screening and follow-up fasting lipid 

profile if serum TG concentrations are > 400 mg/dL [2, 3]. In 

the absence of uniform global recommendations, fasting TG 

may be favored for more precise diagnosis and classification 
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of HTG, but non-fasting serum TG concentrations are pre-

ferred to improve patient satisfaction.

Observational cohort studies suggest that HTG-associated 

acute pancreatitis (HTG-AP) can occur with any elevation in 

serum TG concentrations, but the risk increases proportional 

to the TG level. Accordingly, the AHA/ACC/MS guideline 

designates serum TG concentrations of ≥ 500 mg/dL as 

severe HTG [2]. While the risk for AP does increase when 

there is chylomicronemia, HTG due to very low-density 

lipoprotein (VLDL)-TG excess may also occur, and the 

absence of chylomicronemia should not dissuade attention 

for AP risk mitigation.

Epidemiology: Prevalence, Gender, and Ethnic 
Differences

The National Health and Nutrition Examination Survey 

(NHANES, 2001–2012, n > 4000) estimated that approxi-

mately 30% of US adults have HTG (≥ 150 mg/dL) and 1.7% 

have severe HTG (≥ 500 mg/dL) [5]. Fortunately, there has 

been an observed decline in the prevalence of HTG from 

33.3% in the 2001–2004 survey to 25.1% in the 2009–2012 

survey [5]. Severe HTG (≥ 880 mg/dL [10 mmol/L]) was 

found in < 0.1% of the Danish population in the Copen-

hagen City Heart Study, and an electronic medical record 

review of a Dallas County health system, with a propor-

tionally higher than national average Hispanic population, 

found that < 0.14% had at least one TG value ≥ 2000 mg/dL 

(22.6 mmol/L) [6, 7].

The overall prevalence of HTG is higher in men than in 

women (28.7% and 21.5%, respectively), with the highest 

prevalence in the 40- to 59-year age group in men and in the 

over 60-year age group in women. The prevalence of HTG is 

increasing among youth and adolescents and is attributed to 

increasing rates of obesity and diabetes. Mexican-Americans 

have nearly twice the prevalence of HTG as non-Hispanic 

Black Americans (34.9% vs 15.6%) [5].

Rates of HTG in the European population are comparable 

to that of the USA. The DECODE study, based on analysis 

of nine European population cohorts in the 1990s, found the 

prevalence of HTG to be 36.4% in men and 24.8% in women 

[8]. Large population databases with detailed lipid/LP data 

are lacking from most of Africa and much of Asia. As a 

result, the medical community is missing out on important 

opportunities to better understand the impact of genetics and 

environmental effects on TG metabolism.

Hypertriglyceridemia Causes

Serum TG levels are influenced by a number of environmen-

tal and genetic factors. Individuals with persistent HTG can 

have monogenic, polygenic, and unknown genetic causes. 

Secondary contributors include diet, alcohol intake, activity 

level, medications, and metabolic states. Inherited and envi-

ronmental factors may cause HTG by enhancing TG synthe-

sis, increasing production of TRL, and inhibiting peripheral 

TG lipolysis and/or clearance of TRL.

Obesity, Diabetes/Insulin Resistance, 
and Lipodystrophy

The pathophysiology of HTG in several overlapping 

metabolic conditions such as obesity, type 2 diabetes 

(T2DM), metabolic syndrome, and lipodystrophies is 

multifactorial. Each of these conditions has a spectrum of 

manifestations and is influenced by numerous genetic and 

environmental factors. As such, individuals with appar-

ently similar clinical characteristics may have divergent 

manifestations.

Table 1  Classification of H\
hypertriglyceridemia

Major guidelines classifying level of hypertriglyceridemia based upon specific thresholds

Society Category Serum triglyceride 
concentration mg/dL 
(mmol/L)

American Heart Association/American College of 
Cardiology/Multisociety [2]

Normal  < 175 (≤ 2.0)

Moderate 175–499 (2.0–5.6)

Severe  > 500 (≥ 5.7)

European Society of Cardiology [3] Normal  < 150 (< 1.7)

Mild-moderate 150–880 (1.7–9.9)

Severe  > 880 (> 10)

Endocrine Society [4] Normal  < 150 (< 1.7)

Mild 150–199 (1.7–2.3)

Moderate 200–999 (2.3–11.2)

Severe 1000–1999 (11.2–22.4)

Very severe  > 2000 (> 22.4)
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Lipodystrophies (LD) are a heterogenous group of both 

genetic and acquired conditions characterized by lipoatro-

phy and metabolic abnormalities. Insulin resistance, dys-

lipidemia, non-alcoholic fatty liver disease (NAFLD), and 

leptin deficiency predominately underlie all forms [9, 10]. 

HTG may be mild, moderate, or severe in individuals with 

LD and should be considered when evaluating patients with 

appropriate phenotype and body morphology.

Organopathies

Various hepatic diseases, especially NAFLD, are associated 

with HTG. This is thought to be due to increases in hepatic 

lipogenesis associated with insulin resistance [11, 12]. Sepa-

rately, polymorphisms in APOC3 associated with HTG are 

correlated with NAFLD [13].

Nephrotic syndrome and kidney failure increase hepatic 

VLDL production and/or decrease clearance due to down-

regulation of LPL and hepatic lipase (HL) activity [14]. 

The role of angiopoietin-like 4 (ANGPTL4) upregulation in 

nephrotic syndrome may have a significant role as well [15].

Endocrinopathies

Endocrinopathies are associated with HTG, including 

hypothyroidism, Cushing’s syndrome, acromegaly, male 

hypogonadism, hyperprolactinemia, and polycystic ovary 

syndrome, as summarized in Table 2. In addition, many of 

these conditions lead to metabolic diseases that indepen-

dently worsen HTG.

Pregnancy

Pregnancy is characterized by multiple adaptations in lipid 

metabolism that ensure normal maternal and fetal energy 

needs are met [35]. Several factors potentiate HTG, which 

in healthy women can rise up to 3 times higher than baseline 

levels by the third trimester [36]. Rising concentrations of 

placental hormones such as human placental lactogen (hPL) 

and human placental growth hormone (hPGH) increase 

insulin resistance, while rising estrogen stimulates hepatic 

VLDL production and suppresses lipase activity [37, 38].

Severe HTG-associated acute pancreatitis (HTG-AP) 

can occur in second and third trimesters of pregnancy in 

women with diabetes, insulin resistance, obesity, and pre-

natal moderate HTG [39]. Identification of and counseling 

for women at risk for HTG prior to pregnancy are critical 

[40, 41]. Dietary modification, pharmacotherapy, and plas-

mapheresis are available treatment modalities, and all have 

specific risks and benefits in this high-risk condition. There 

is emerging data about the relationship between maternal 

HTG with fetal adiposity and whether this increases obesity 

risk in long term [42].

Medications that Raise TG

Many medications raise TG as a side effect, particularly in 

people with underlying inherited predisposition [43]. The 

more commonly used medicines include thiazide diuretics, 

beta-blockers, bile acid resins, specific immune-modulating 

therapies, protease inhibitors, retinoids, atypical antipsy-

chotics, glucocorticoids, estrogens, and selective estrogen 

receptor modulators. Oral estrogen, but not topical (e.g. 

patches, vaginal cream), either as oral contraceptives or 

post-menopausal hormone replacement can exacerbate 

HTG [44, 45].

Genetic Hypertriglyceridemia

Moderate and severe HTG syndromes are the result of poly-

genic inheritance of recessive genes and the combination 

with strong environmental influences. The most severe mani-

festations of inherited HTG, which are caused by monogenic 

Table 2  Endocrinopathies and mechanism for causing hypertriglyceridemia

List of endocrinopathies that contributes to hypertriglyceridemia and proposed mechanisms

Disorder Mechanism

Hypothyroidism [16] Decreased clearance via HL/LPL [17]
Increased AngPTL3 expression [18]
Note: not observed in subclinical disease [19, 20]

Cushing’s syndrome [21] Insulin resistance, changes in FFA metabolism and adipocyte function, typically accompanied by diabetes and 
obesity [22]

Acromegaly [23] Growth hormone (GH) direct inhibitory inhibits HL/LPL accompanied by insulin resistance and metabolic 
diseases [24, 25]

Male hypogonadism [26] Unclear, possible confounding by comorbid and correlated obesity and metabolic syndrome [27, 28]

Hyperprolactinemia [29] Proposed mechanisms include hypothalamic-pituitary–gonadal axis disruption, weight changes and subsequent 
insulin resistance, or possibly direct LPL effects [30–32]

Polycystic ovary syndrome [33] Insulin resistance, hyperandrogenism, often exacerbated by obesity and/or diabetes [34]
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biallelic transmission, are rare; as such, individuals tend not 

to have severely affected relatives.

The National Lipid Association (NLA) Scientific State-

ment on Genetic Testing in Dyslipidemia rates genetic test-

ing for HTG as class III (may be harmful) or IIb (reasonable 

to perform) if familial chylomicronemia syndrome (FCS) is 

suspected [46•]. In addition, the European Working Group 

on FCS has created a clinical tool with high sensitivity and 

specificity for distinguishing FCS from the more common 

multifactorial chylomicronemia syndrome (MCS) without 

the use of genetic testing [47].

Monogenic

Familial Dysbetalipoproteinemia (FDBL)

FDBL is characterized by excess levels of circulating TRL 

remnant particles (CM remnant [CMr], VLDL remnant 

[VLDLr], IDL) due to impaired clearance as a result of func-

tional defect in apolipoprotein E (apoE) [48]. Biallelic com-

mon (APOE2/E2) and rare genetic variants in APOE result 

in dysbetalipoproteinemia (increased proportion of TRL 

remnants), though hyperlipidemia and pathologic phenotype 

(previously described as Fredrickson hyperlipoproteinemia 

type III) manifest only after a secondary environmental 

challenge occurs (commonly referred to as a “second hit”) 

such as weight gain, dietary challenge, insulin resistance/

diabetes mellitus, hormonal changes, or pharmacotherapy 

[49]. FDBL is suspected in individuals who develop a severe 

increase in background cholesterol and TG levels, have com-

bined hyperlipidemia with TC approximately equal to TG 

levels, and have normal apoB indicating highly cholesterol-

enriched LP [50]. In addition to hyperlipidemia, eruptive, 

tuberous, and palmar crease xanthomas may be present, and 

there is an increased association with ASCVD, especially 

peripheral arterial disease.

FDBL treatment includes focused attention on manage-

ment of secondary environmental factors and pharmacother-

apy with high-dose omega-3 fatty acids (O3FA), fibrates, 

and/or statins.

Familial Chylomicronemia Syndrome (FCS)

FCS is a rare monogenic condition that occurs in roughly 

one in 1 million in the general population. It is mediated 

by biallelic genetic variants in lipoprotein lipase (LPL) or 

variants in LPL cofactors (e.g., APOA5, APOC2, LMF1, 

GP1HBP1) in their homozygous, compound, or double het-

erozygous forms, though specific genetic variants are not 

always identified [47, 51, 52]. FCS is characterized by low 

or no LPL activity that results in persistent, severe HTG due 

to chylomicronemia and high risk for AP.

FCS normally presents in childhood or at a later age 

precipitated by pregnancy or estrogen-containing oral con-

traceptives. It is not otherwise accompanied by secondary 

environmental factors (e.g., obesity, diabetes, hypothyroid-

ism). Children may present as early as infancy with failure-

to-thrive, steatorrhea, and/or eruptive xanthoma, and adults 

tend to be under or normal weight.

Patients with FCS tend to experience persistently elevated 

TG levels > 880 mg/dL (10 mmol/L), which require pro-

longed fasting followed by a very low-fat diet (VLFD) to 

clear chylomicrons (CM). FCS is associated with low apoB, 

high TG:apoB ratio > 10.5 (mg/dL), and a TG:TC ratio > 5:1 

(mg/dL). Because CM do not directly contribute to athero-

sclerosis, premature ASCVD is not expected. However, 

accompanying ASCVD risk factors and VLDL excess may 

promote ASCVD in patients with FCS later in life.

Polygenic

Multifactorial Chylomicronemia Syndrome (MCS)

MCS is characterized by chylomicronemia and severe HTG. 

MCS differs from FCS in the variability of LPL activity, 

TG variability, and obligatory presence of environmental 

factors. Individuals with MCS have either polygenic or 

unknown genetic causes for LPL dysfunction, and one or 

multiple environmental factors are present. MCS is com-

monly associated with obesity, insulin resistance, and dia-

betes mellitus. Compared to FCS, MCS is also more likely 

to respond to pharmacotherapy and has a higher population 

frequency (> 20 times more than FCS) [47]. Of note, in the 

previously mentioned Dallas County medical chart review 

by Esparza et al., 103 patients out of approximately 70,000 

had TG levels > 2000 mg/dL; of those, only 2 had classic 

FCS, while the rest (n = 101) had characteristics of MCS 

[7]. There is high risk for both AP and ASCVD in patients 

with MCS.

The diagnosis of FCS is important to distinguish from 

MCS because HTG due to FCS tends not to respond to con-

temporary FDA-approved pharmacotherapy. When FCS is 

confirmed, dietary modification is the principal therapeutic 

modality. Primary treatment of MCS includes management 

of secondary environmental factors especially focusing on 

dietary modification, physical activity, weight reduction 

when needed, glycemic control, and liberal use of pharma-

cotherapy for TG-reduction (e.g., fibric acid derivatives, 

high-dose omega-3 fatty acids [O3FA], and statin therapy).

Familial hypertriglyceridemia (FHTG) is char-

acterized in an individual who has persistent HTG due 

to VLDL excess without chylomicronemia (previously 

described as type IV Fredrickson phenotype) or TRL rem-

nants, variable ASCVD risk, and a history of other family 

members with the same. These patients have moderate 
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to severe HTG due to persistent VLDL-TG elevations, 

normal apoB, and TG:TC ratio approximately 5:1. The 

specific phenotype may change, and patients may develop 

chylomicronemia if exposed to significant environmental 

challenges. There may be an increased risk of ASCVD 

and AP, but much lower risk for ASCVD than famil-

ial combined hyperlipidemia (FCHL) described below, 

and lower risk for AP than the chylomicronemia syn-

dromes. There are multiple genetic variants associated 

with this condition, but individuals with this pattern tend 

to have other family members with the same lipid/lipo-

protein phenotype, and a variety of genotypes have been 

described. Enhanced TG synthesis in individuals with 

FHTG is observed [53]. Treatment should be based upon 

assessment of AP risk due to HTG and for ASCVD risk 

management according to the US AHA/ACC/MS choles-

terol guideline [2].

Familial combined hyperlipidemia (FCHL) is diag-

nosed in individuals who have persistent combined hyper-

cholesterolemia and moderate to severe HTG, a family 

history of premature ASCVD and variable family history 

of lipid abnormalities, a personal history of elevated apoli-

poprotein B (apoB), and exclusion of autosomal dominant 

monogenic familial hypercholesterolemia (FH) [54]. Over-

production of apoB may be accompanied by overproduc-

tion of VLDL and impaired clearance of LDL, VLDL, and 

TRL [55]. Patients with FCHL have higher ASCVD risk 

than individuals with heterozygous familial hypercholes-

terolemia, and high-intensity statin should be prescribed. 

Additional non-statin treatment should be considered to opti-

mize non-HDL-C/apoB reduction matched to the severity of 

ASCVD risk, in accordance with guideline- and evidence-

based approaches.

Medical Consequences 
of Hypertriglyceridemia

TG levels will affect plasma appearance due to the ability of 

larger TRL (VLDL and CM) to disrupt light transmission. 

When TG levels are normal, the predominant apoB-contain-

ing LP in circulation is low-density lipoprotein (LDL), and 

the plasma is transparent. When TG > 150 mg/dL (VLDL 

and/or TRL remnant concentrations are elevated), plasma 

may be opalescent. When TG > 500 mg/dL, CM are present, 

and the plasma will tend to be opaque or appear “lipemic” 

or milky [Fig. 1].

HTG may be associated with a variety of signs and symp-

toms including depression, memory loss, fatigue, back or 

abdominal pain, nausea, bowel dysfunction, neuropathy, and 

others. However, the most significant consequences of HTG 

are ASCVD and AP.

Atherosclerotic Cardiovascular Disease (ASCVD)

Mendelian randomization studies support a causative impact 

of TG-associated genetic loci on ASCVD risk [56, 57]. HTG 

is independently associated with ASCVD risk in multivari-

ate observational analyses as well. TRL and TRL remnant 

particles are directly atherogenic, and HTG also promotes 

atherogenesis indirectly because of localized FFA inflamma-

tory impact on endothelial function. Additionally, because 

HTG is highly associated with obesity, insulin resistance/

diabetes, hypertension, and other major ASCVD risk factors, 

there is also a bystander (or association) effect.

An example of the combined and complex interaction 

between HTG and comorbidities is seen in a meta-analysis 

of 31 studies with a total of 132, 044 patients with T2DM. 

A subgroup analysis adjusting for blood pressure and gly-

cemic levels confirmed a consistent association between 

TG levels and cardiovascular disease (CVD) risk for T2DM 

patients [49, 50]. Furthermore, additional subgroup analyses 

examining the incidence of different types of CVD found an 

association between HTG and risk for coronary heart dis-

ease but not stroke in this diabetic cohort [58]. A different 

retrospective, longitudinal study examined the association 

of HTG and ASCVD in a cohort of 158, 042 low to moder-

ate risk participants with a calculated 10-year ASCVD risk 

of approximately 7%. When compared to study participants 

with normal TG levels, participants with TG 150–500 mg/

dL demonstrated a 1.6-fold increased risk of future ASCVD 

Fig. 1  (Chylous serum). Image of milky plasma in waste bag col-
lected during plasma exchange in patient with hyperchylomicronemia 
(shown with permission from patient [on file])

72   Page 6 of 13 Current Atherosclerosis Reports (2021) 23: 72



1 3

events [59]. These study findings emphasize the significance 

of HTG even in a low to moderate risk population for the 

risk assessment of future ASCVD and support the guide-

line recommendations to consider HTG as a risk-enhancing 

factor.

Acute Pancreatitis (AP)

HTG is associated with proportional risk for developing acute 

pancreatitis (AP), and HTG-AP accounts for approximately 10% 

of AP cases; only gallstone disease and alcohol are more com-

mon causes of AP. HTG cohort studies have demonstrated that 

the prevalence of HTG-AP in individuals with TG > 1000 mg/

dL is as high as approximately 20%. Murphy et al. demonstrated 

that in a stable Scottish population, even moderate HTG is asso-

ciated with AP [60]. Gaudet et al. reported > 15 × odds ratio 

for developing AP in individuals with TG levels 5–9 mmol/L 

(~ 442–796 mg/dL), > 50 × in individuals with TG > 9 mmol/L 

(796 mg/dL), and > 300 × in those with TG > 9 mmol/L and bial-

lelic LPL mutations in a pattern consistent with FCS [61, 62]. 

HTG-AP may be more severe than other causes and may be 

particularly high risk during pregnancy [63].

Mechanistically, it has been proposed that CM excess is 

needed to provoke HTG-AP. In fact, Gonzales et al. demon-

strated that a marker of CM persistence (TG/apoB > 10.6) 

has a high sensitivity and specificity for identification of 

HTG-AP risk but does not identify a specific threshold for 

the potential occurrence of AP [64].

Other Manifestations

Severe HTG can lead to dermatologic, hematologic, and 

ophthalmologic stigmata as well. Eruptive xanthomas, 

1–5 mm orange-yellow papules often pruritic, may be asso-

ciated with chylomicronemia and are found on extensor sur-

faces including the elbows, shoulders, and buttocks [Fig. 2]. 

Tuberous xanthomas are firm, non-tender, red-yellow nod-

ules containing foam cells. They are found on body surfaces 

prone to pressure including the knees, heels, and elbows and 

may be seen in familial dysbetalipoproteinemia (FDBL) [65, 

66]. Yellow-orange palmar creases known as xanthoma stri-

ata palmaris may also be seen and are pathognomonic for 

FDBL. Cream-colored opacification of the retinal blood ves-

sels (known as lipemia retinalis) due to hyperchylomicrone-

mia may be visualized during fundoscopic examination.

In addition to HTG-AP, individuals with FCS report 

abdominal pain without the diagnosis of AP as a common 

complaint, as well as other non-specific gastrointestinal, 

neurocognitive, peripheral neuropathy, depressed mood, 

and other effects [67].

Dietary Management 
of Hypertriglyceridemia

Moderate Hypertriglyceridemia

Body weight and fat distribution, especially visceral adipos-

ity, affect serum TG levels. HTG has been noted in > 80% of 

overweight or obese individuals [68, 69]. Weight loss can 

enable TG reductions proportional to baseline TG levels and 

amount of weight loss achieved. It has been shown that a 5 

to 10% weight reduction lowers TG by approximately 20% 

[68, 70].

Although optimal dietary macronutrient content may be 

flexible, decreased intake of carbohydrates while maintain-

ing a healthy body weight has been shown to be benefi-

cial in TG lowering in patients with borderline high to high 

levels < 500 mg/dL [71]. A meta-analysis of 60 controlled 

trials showed that a 1% decrease in calories from carbohy-

drates replaced with an isocaloric increase in fat reduces 

fasting TG levels by 1 to 2% [72]. Either polyunsaturated 

fat (PUFA) and/or monounsaturated fat (MUFA) is the pre-

ferred replacement nutrient rather than saturated fat (SFA).

The adverse effects of a high-carbohydrate diet on TG 

occur mainly when refined sources of carbohydrate, includ-

ing table sugar, raw sugar, honey, and agave nectar, are con-

sumed in excess [3]. Most sugars, because of fructose con-

tent, stimulate hepatic FA synthesis and increase hepatic fat 

accumulation, promoting VLDL production [73]. Fructose 

is present as high fructose corn syrup in many sugar-sweet-

ened beverages (55% fructose, 45% glucose), which are the 

leading sources of added sugars in the American diet [73]. 

Whole fruit consumption as an alternative to fruit juice is 

recommended, and water consumption is preferred. Patients 

should be instructed to substitute fiber-rich whole grains and 

Fig. 2  Eruptive xanthomas. Eruptive xanthomas associated with 
hyperchylomicronemia (image shared with patient’s permission [on 
file])
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legumes for refined starches; however, quantity and calories 

still need to be considered [71].

Severe Hypertriglyceridemia

Patients with severe HTG require a VLFD to clear CM from 

circulation and reduce AP risk. Dietary fat should be limited 

to < 15% of total calories or < 20–30 g per day, since CM 

are derived from intestinal fat. Sources of both saturated 

and unsaturated fat should be reduced along with refined 

carbohydrates. Once CM are cleared and TG levels return 

to < 500 mg/dL in an individual who does not have FCS, fat 

intake (MUFA and PUFA) can be liberalized, and nutrition 

therapy should focus on weight loss, restoration of insu-

lin sensitivity, and improvement in glycemic control [71]. 

Alternative dietary strategies for weight reduction that do 

not limit fat consumption when there is severe HTG are not 

recommended because of AP risk [74]. See Fig. 3 for mani-

festations of severe hypertriglyceridemia.

Familial Chylomicronemia Syndrome (FCS)

FCS requires life-long adherence to VLFD containing < 15 

to 20 g of fat per day and limited intake of refined carbohy-

drates. Strict dietary adherence is challenging in the long 

term, and individuals with FCS report this as significantly 

impacting their quality of life. Medium chain TG (MCT) 

oils can be used to improve satiety and provide additional 

calories since they are not incorporated into CM, but are 

hydrolyzed to albumin, and transported directly to the liver 

via the portal vein. To meet essential FA requirements, 2–4% 

of total calorie intake from the essential FA, linoleic acid 

(LA), and α-linolenic acid (ALA) is recommended, and fat-

soluble vitamins should be supplemented as needed. Absti-

nence from alcohol is strongly advised [75]. Recommenda-

tions have been summarized in a simple one-page patient 

handout by the NLA, which can be a useful counseling tool 

[76].

Pharmacotherapy for Hypertriglyceridemia

Clinicians should identify and treat secondary causes, 

address lifestyle and dietary strategies, and prescribe HTG 

pharmacotherapy when needed. Fibric acid derivatives 

(fenofibrate instead of gemfibrozil if statin use is consid-

ered) and/or high-dose prescription omega-3 fatty acid sup-

plements (O3FA) are recommended as first-line pharma-

cotherapy options for severe HTG to achieve the primary 

goal of lowering TG levels to < 500 mg/dL and reducing 

the risk for AP. Statin drugs may reduce TG further, and 

niacin has limited use in contemporary care and should only 

be considered in individuals with severe HTG where the 

benefit of additional TG lowering offsets niacin’s potential 

negative effects. Once TG lowering has been achieved and/

or in individuals with moderate HTG (150–500 mg/dL or 

even 501–1000 mg/dL), attention is refocused to managing 

increased ASCVD risk; statins are foundational pharma-

cologic care for ASCVD risk reduction. According to the 

2018 AHA/ACC/MS Cholesterol Guideline and 2020 NLA 

Position Statement, the use of ezetimibe, proprotein con-

vertase subtilisin/kexin 9 (PCSK9) monoclonal antibodies, 

Fig. 3  Manifestations of severe 
hypertriglyceridemia ( adapted 
from Davidson M et al. [61])
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and icosapent ethyl should be considered in adults with clini-

cal ASCVD who need additional lipid lowering to achieve 

ASCVD risk reduction [2, 77].

Additional pharmacotherapy for severe refractory HTG 

includes off-label use of orlistat (an intestinal lipase inhibi-

tor) and lomitapide (microsomal TG transfer protein inhibi-

tor). There are also investigational therapies that are being 

developed (discussed below).

Omega-3 Fatty Acids (O3FA)

O3FA contain the long-chain PUFA, docosahexaenoic 

acid (DHA), and/or eicosapentaenoic acid (EPA) [78]. At 

doses of 3–4 g/daily, O3FA products reduce plasma TG by 

25–50% by reducing hepatic production of VLDL as well as 

increasing VLDL clearance [79, 80]. Randomized controlled 

trials (RCT) evaluated the impact of O3FA on long-term car-

diovascular (CV) disease outcomes with varying results. The 

Reduction of Cardiovascular Events with Icosapent Ethyl-

Intervention Trial (REDUCE-IT) compared icosapent ethyl 

(IPE), a purified EPA-only product, at a dose of 2 g twice 

daily with food, versus placebo as add-on to statin therapy in 

8,175 adults with a history of CVD or with diabetes and at 

least one CVD risk factor, with TG levels between 150 and 

500 mg/dL + / − 10% [81••]. After a median follow-up of 

4.9 years, there was a 25% primary endpoint risk reduction 

for the treatment vs placebo groups. The Outcomes Study 

to Assess Statin Residual Risk Reduction with Epanova 

in High CV Risk Patients with Hypertriglyceridemia 

(STRENGTH) study was closed early in 2020 for futility 

in its attempt to show an effect of a high-dose EPA + DHA 

formulation of O3FA that can be taken without food, on CV 

endpoints [82••].

EPA and DHA have different biological properties, 

though both have TG-lowering effects. There have been 

many public discussions about the differential outcomes in 

REDUCE-IT vs STRENGTH; consideration of EPA dose 

and systemic EPA level achieved is chief among the most 

compelling conclusions about differential benefits. Some 

have argued that the difference in outcomes is due to dif-

ferent placebo comparisons (mineral oil vs corn oil, respec-

tively). However, the FDA studied the effects of mineral oil 

and did not find reason to be concerned about its use as a 

placebo in REDUCE-IT [81••].

Until more is known, it is reasonable that any effective 

TG lowering achieved is worthwhile for AP risk reduction. 

However, high-dose IPE is favored over other O3FA prepa-

rations for reducing ASCVD risk in at-risk individuals with 

moderate HTG based upon differential RCT results.

Fibrates

Fibric acid derivatives lower TG levels by 25–50% by 

activating transcription factors for the nuclear peroxisome 

proliferator-activated ɑ-receptors (PPAR-ɑ) [83]. Fibrates 

reduce hepatic apoC-III production and increase LPL-medi-

ated lipolysis. Fenofibrate and gemfibrozil are the two cur-

rently available fibrates in the USA. Gemfibrozil should not 

be used in combination with statins because of increased 

myopathy risk, but gemfibrozil does have evidence for 

ASCVD risk reduction as monotherapy in high-risk hyper-

lipidemia patients in the pre- or early statin era [84–86]. 

Fibrate therapy added to statin drugs has had disappointing 

ASCVD risk reduction in several RCT. However, post-hoc 

analysis of fibrate mono- and combination therapy RCT has 

demonstrated a consistent ASCVD risk reduction propor-

tional to TG lowering in study participants with HTG and/

or low high-density lipoprotein cholesterol (HDL-C) [87].

Pemafibrate, which is in clinical development, is a selec-

tive PPAR-ɑ agonist with greater efficacy than earlier gen-

eration fibrates. In phase 2 placebo-controlled trials, pemafi-

brate was shown to be associated with a 50% reduction in 

fasting plasma TG levels when combined with statin therapy 

in patients with baseline fasting TG levels > 200 mg/dL [88]. 

A phase 3 trial of pemafibrate (PROMINENT) is currently 

underway to assess long-term cardiovascular outcomes in 

approximately 10,000 participants with TG values between 

200 and 500 mg/dL and T2DM [89].

Gene Therapy for Familial Lipoprotein Lipase 
Deficiency

Alipogene tiparvovec (Glybera) is an adeno-associated virus 

vector subtype 1 (AAV1) carrying the LPL gain-of-function 

variant. The drug was approved in the European Union in 

2012, but despite effective TG and AP risk lowering, it is 

no longer commercially available due to high cost and rare 

prescription [90, 91].

Investigational Therapies

Volanesorsen is an antisense oligonucleotide (ASO) that 

interferes with synthesis of apoC-III by selective inhibi-

tion of the APOC3 mRNA. In a phase 3 clinical trial, once 

weekly injections of volanesorsen resulted in a 77% decrease 

in mean TG levels at 3 months in 33 patients with FCS [92]. 

Volanesorsen was approved in the European Union in 2019 

for treatment of patients with FCS and is pending FDA 

review presently in the USA.

There are two angiopoietin-like 3 (ANGPTL3) inhibitor 

strategies in clinical development. A dose-ranging study of an 

ASO targeting ANGPTL3 mRNA (Vupanorsen) in 105 patients 

with fasting TG levels > 150 mg/dL, T2DM, and hepatic 
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steatosis showed a mean reduction in TG levels of 36–53% 

after 6 months of treatment in the treated groups [93]. A sec-

ond dose-ranging study of vupanorsen (TRANSLATE-TIMI 

70) is ongoing and has enrolled patients with elevated TG and 

non-HDL cholesterol levels who are on a stable dose of statin 

[94]. Evinacumab is a human monoclonal antibody targeting 

ANGPTL3 that is further along in clinical development for 

HTG; it was approved in 2021 by the FDA for patients with 

homozygous familial hypercholesterolemia. Results from a 

phase 1 study comparing evinacumab to placebo (in patients 

with TG levels between 150 and 500 mg/dL) showed dose-

dependent reductions in TG levels up to 76.9% in the single 

ascending dose group and 83.1% in the multiple ascending dose 

group [95]. A phase 2 trial of evinacumb in patients with severe 

HTG (history of TG > 1000 mg/dL) was completed in mid-

2020, and results of the trial are eagerly anticipated.

Conclusion

Our understanding and management of HTG continue to 

evolve as new data emerges. Additional studies with more 

diverse patient demographics are needed to better understand 

the impact of genetics and environment on TG metabolism. 

Management strategies uniformly emphasize the importance 

of a healthy lifestyle, especially dietary attention and weight 

reduction when needed. TG lowering is critical to mitigate 

AP risk. Statin therapy is the foundation of pharmacotherapy 

for ASCVD risk reduction, and high-dose EPA has been 

shown to reduce risk in statin-treated adults with ASCVD or 

T2DM and moderate HTG. Novel therapies including non-

selective PPAR-ɑ, AngPTL3, and ApoC-III targeting may 

prove to be very important going forward to prevent and 

reduce cardiovascular disease and pancreatitis.
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