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Summary

Despite significant advances in lowering LDL cholesterol, a substan-
tial residual risk for atherosclerotic cardiovascular disease (ASCVD)
persists, largely driven by triglyceride-rich lipoproteins (TRLs).

This narrative review emphasizes the importance of hypertriglyceri-
demia in the development of atherosclerotic cardiovascular disease
and acute pancreatitis and clarifies the diagnostic dilemmas and cur-
rent therapeutic options.

This narrative review explores the pathophysiology, diagnostic crite-
ria, and epidemiological impact of hypertriglyceridemia. TRLs, includ-
ing chylomicrons and VLDL, contribute to atherosclerosis through the
accumulation of cholesterol-rich “remnant particles” and apolipopro-
tein B (Apo B) in the subendothelial space. Recent epidemiological
data, including findings from the Copenhagen General Population
Study and the SIMETAP-HTG study, confirm that mild-to-moderate
hypertriglyceridemia (1.7-5.6 mmol/L) is prevalent in approximate-
ly 25% of the population and is strongly associated with increased
risks of myocardial infarction, heart failure, and multiorgan diseases
such as diabetes and MASLD. Conversely, severe hypertriglyceridemia
(>10 mmol/L) significantly elevates the risk of acute pancreatitis. Cur-
rent guidelines emphasize measuring fasting triglycerides, though
non-fasting levels are increasingly recognized for screening. The pa-
per concludes that secondary causes must be ruled out upon diag-
nosis and highlights non-HDL cholesterol as a critical secondary ther-
apeutic target for comprehensive cardiovascular risk management.
The final part of the review is focused on novel therapeutic options
and emerging therapies for increased TRL.
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INTRODUCTION

Since 1973, with the discovery of the LDL receptor and
the finding that LDL receptor mutations are responsible
for increased circulating LDL cholesterol (1), a new era in
lipidology began. Subsequent studies have confirmed the
importance of LDL particles in the development of ath-
erosclerotic cardiovascular disease and cardiovascular
events, and a tight association between genetic and lipid
profiles in patients with familial hypercholesterolemia
(2). Besides LDL particles, the focus has shifted to other
possible risk factors such as hsCRP and PAI1 (3,4,5), but
LDL particles are still considered the main causative fac-
tor. In contrast, other factors are considered contributors
to the atherosclerotic process.

Over the past 20 years, it has been recognized that de-
spite reductions in LDL cholesterol, a significant residual
risk of atherosclerotic cardiovascular disease remains (6).
The main lipid components of this residual cardiovascu-
lar risk are: an increase in triglyceride/triglyceride-rich
lipoproteins and lipoprotein (a) (Lp(a)).

This narrative review aimed to summarize and dis-
cuss the existing evidence on the clinical significance of
hypertriglyceridemia, with special emphasis on diagnosis
and therapeutic options.

Theliterature searchwas conducted through a system-
atic, thorough search of relevant literature. The databases
searched in this review included PubMed/MEDLINE,
for publications between 1982 and 2025. We selected the
period from 1 January 1982 to 30 November 2025.

Keywords for PubMed/MEDLINE: “hypertriglycer-
“triglyceride-rich lipoproteins”, “non-HDL
cholesterol”, “atherosclerotic cardiovascular disease”,
“residual cardiovascular risk”, “hypertriglyceridemic
pancreatitis”, “therapy” in various combinations using the
Boolean operators AND and OR. The review included
papers directly relevant to the topic, published in English,
and available from 1982 to the end of November 2025.
Papers relevant to the topic of the paper on the clinical
significance and diagnosis of hypertriglyceridemia were
included. Sources were selected based on their relevance,
methodological quality, and contribution to understand-
ing the topic. The findings were synthesized narratively
and organized according to major thematic areas.

idemia”,

Why is hypertriglyceridemia so important, and
how is it diagnosed?

Hypertriglyceridemia is a condition with increased tri-
glycerides or triglyceride-rich lipoproteins (TRLs), and
Table 1. Triglyceride-rich lipoproteins and their apolipoproteins (7)

the reason why TRLs are so important is the fact that, in
addition to triglycerides, they contain a significant num-
ber of phospholipids, apolipoproteins, cholesterol esters,
and free cholesterol (Tablel, Figure 1).

Triglyceride-rich lipoproteins, primarily chylomi-
crons and very low-density lipoproteins (VLDL), are
spherical complexes responsible for transporting tri-
glycerides (TGs) and cholesteryl esters (CE). As tri-
glycerides are hydrolyzed by lipoprotein lipase (LPL),
TRLs become “remnant particles” that are relatively en-
riched in cholesterol (Figure 1).

Both triglyceride-rich lipoproteins (TRLs) and LDL
cholesterol belong to the class of lipoproteins that con-
tain apolipoprotein B (Apo B). In addition to its structur-
al function, Apo B acts as a ligand for binding to the LDL
receptor. There are two major forms of Apo B: Apo B 100
and Apo B 48. The same gene located on the short arm of
chromosome 2 encodes both forms of apolipoprotein B.
Apo B 100, containing 4536 amino acids, is present in the
liver and is the main apolipoprotein of LDL, VLDL, IDL,
and Lp(a). In comparison, Apo B 48, containing 2512
amino acids, is present in the small intestine and is the
main component of chylomicrons (7) (Table 1).

Apo B lipoproteins (VLDL/VLDL remnants, IDL,
chylomicrons/chylomicron remnants, LDL, Lp(a)) are
all recognized as major risk factors responsible for athero-
sclerotic cardiovascular disease. Accumulation of Apo-B
lipoproteins in the subendothelial space initiates a cas-
cade of events that lead to the activation of the inflamma-
tory response and formation of the atherosclerotic plaque
(8) (Figure 2). The most commonly used method for
Apo B measurement is the immunonephelometric assay;
however, current guidelines do not recommend routine
Apo B measurement as a primary therapeutic target (7).
Mutation of the Apo B gene, in addition to mutations in
the LDL receptor and PCSK9 genes, may cause familial
hypercholesterolemia, a well-known genetic disorder as-
sociated with higher cardiovascular risk.

Apolipoproteins stabilize the structure of lipoprotein
particles and provide functional identity. Besides, Apo B
100 and Apo B 48 contain exchangeable apolipoproteins
like ApoC-II (activates LPL for hydrolysis), ApoC-I1I (in-
hibits premature clearance), and ApoE (ligand for liver
receptors). TRLs are highly dynamic; after releasing tri-
glycerides to tissues, they become smaller, cholesterol-rich
remnants known to promote atherosclerosis (Figure 2).

Blood triglyceride measurement is used to assess TRL
levels clinically. An increase in TRL levels generally oc-
curs as a result of increased synthesis and/or decreased
clearance of these lipid particles. People with atherogenic

Apo B Place of synthesis Main lipoproteins Apo function
ApoB 100 Liver VLDL,IDL,LDL,Lp (a) Bindingto LDL receptor
ApoB48 Intestine Chylomicrons Transport dietary lipids from the intestine (cholesterol and triglycerides)

Apo-apolipoprotein, VLDL-very low-density lipoprotein, IDL- intermediate density lipoprotein, LDL-low density lipoprotein
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Figure 1. The triglyceride-rich lipoproteins. This figure was created with the assistance of the AI tool NotebookLM (https://notebooklm.

google/) based solely on the concepts, data, and findings presented by the authors in this article.
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dyslipidemia, in addition to increased TRLs, usually
have small, dense LDL particles with greater atherogen-
ic potential along with small, dense HDL particles with
reduced vasculoprotective function. Triglyceride levels
are usually measured in fasting blood samples, although
some studies indicate that postprandial TRL levels may
be more relevant for assessing ASCVD risk. Mild and
moderate hypertriglyceridemia occurs primarily as a
consequence of increased synthesis, while severe hy-
pertriglyceridemia results from reduced lipolysis and
reduced clearance of triglycerides (9). Hypertriglyceri-
demia mostly accompanies obesity, metabolic syndrome,
fatty liver and type 2 diabetes, and is rarely caused by ge-
netic defects.

Current guidelines for the diagnosis and manage-
ment of dyslipidemias recommend measuring triglycer-
ide levels after an overnight fast. For initial screening in
primary care, it is adequate to measure triglyceride levels
in non-fasting conditions, except when non-fasting tri-
glycerides are above S mmol/L, after hypertriglyceridem-
ic pancreatitis, in previously diagnosed hypertriglycer-
idemia, or before starting therapy that might increase
triglycerides (10). Non-fasting lipid profile is acceptable
for initial screening. At the same time, fasting measure-
ments are generally reccommended when triglyceride con-
centrations are markedly elevated or when specific clini-
cal circumstances require a more accurate assessment.

Since TRL contains a significant amount of cholester-
ol, it is recommended to calculate non-HDL cholesterol
and/or, where available, to measure apo B lipoproteins.
Non-HDL cholesterol and apo B more closely correlate
with cardiovascular risk (11). In current European guide-
lines, non-HDL is recognized as a secondary target after
LDL cholesterol for lipid-lowering therapies (12).

Epidemiological data

It is estimated that approximately 30% of people in the
general population have hypertriglyceridemia; unfortu-
nately, the exact prevalence is not precisely known, and it
is mostly detected as an incidental finding. The situation
is further complicated by the fact that triglyceride levels
often vary seasonally and between individuals, depend-
ing on the diet, customs, and habits of a population in a
given geographical region. Hypertriglyceridemia occurs
relatively rarely as an isolated phenomenon, and it usu-
ally occurs concomitantly with other chronic diseases/
conditions.

Epidemiological data on hypertriglyceridemia pub-
lished in 2024 in the JACC journal on the association of
hypertriglyceridemia with multiorgan disease in the adult
population unequivocally indicate that the prevalence of
chronic and multiorgan diseases (diabetes, chronic kid-
ney disease, MASLD, and ASCVD) is higher in people
with moderate and severe hypertriglyceridemia (13). The
SIMETAP-HTG study confirms the association between

increased triglycerides and increased body weight/obesi-
ty, disorders of glucose tolerance, and an increased risk
of atherosclerotic cardiovascular disease (14). Data from
the Copenhagen General Population Study estimate that
24-25% of people have mild to moderate hypertriglyceri-
demia (1.7 to 5.6 mmol/L), while 0.1% have severe hyper-
triglyceridemia (15). Data from this study, as well as the
Copenhagen City Heart Study, showed that increased
fasting triglycerides were associated with a higher risk of
ischemic heart disease, ischemic stroke, and myocardial
infarction (15). In comparison, non-fasting triglycerides
were associated with a higher risk of ischemic heart dis-
ease and heart failure (16).

According to recommendations (17), normal tri-
glyceride values are defined as up to 1.2 mmol/L, bor-
derline increased between 1.2 and 1.7 mmol/L, and mild
and moderately increased triglyceride values are those
between 1.7 and 5.6 and between 5.7 and 11.3 mmol/L.
A triglyceride level over 11.3 mmol/L is defined as severe
hypertriglyceridemia (Table 2). From a clinical point of
view, mild to moderate hypertriglyceridemia is signifi-
cant in terms of an increased risk for atherosclerotic car-
diovascular disease. At the same time, triglyceride values
over 11.3 mmol/L are associated with an increased risk
for acute hypertriglyceridemic pancreatitis. The general
recommendation is that, for persons found to have elevat-
ed triglycerides during routine laboratory analyses, sec-
ondary causes of hypertriglyceridemia should be ruled
out first. The second general recommendation is that,
in addition to determining triglyceride levels, non-HDL
cholesterol should be recalculated, bearing in mind that
non-HDL is listed as a secondary therapeutic target.

Table 2. Triglyceride levels (17)
Normal (Healthy): Less than 150 mg/dL (1.7 mmol/L)

Borderline High (Mildly elevated): 150 to 199 mg/dL
(1.7 to 2.25 mmol/L)

High (Moderately elevated): 200 to 499 mg/dL
(2.3 to 5.64 mmol/L)

Very High (Severe): S00 mg/dL or higher
(more than 5.64 mmol/L)

Extremely High: Greater than 1,000 mg/dL (11.3 mmol/L)

Mild and moderate hypertriglyceridemia

Mild to moderate hypertriglyceridemia mainly results
from secondary causes such as abdominal obesity, diabe-
tes, alcohol abuse, a diet with a high glycemic index, and
certain drugs (Table 3), with polygenic inheritance.
Triglyceride values in the range of mild/moderate hy-
pertriglyceridemia are primarily important considering
their role in the development and progression of athero-
sclerosis. Genetic and epidemiological studies indicate
a causal connection between TG, TRLs, and TRL resi-
dues and ASKVB (8), primarily because hypertriglyceri-
demia favors the formation of small dense LDL particles
with greater atherogenic potential and small dense HDL
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Table 3. Hipertriglyceridemia [26]

Primary

Secondary

Relatively rare, genetically determined, characterized by
chylomicronemia

LPL deficiency,

apo C2 deficiency

apo AS deficiency

GPIHBPI deficiency

Relatively common, genetically determined

Familial hypertriglyceridemia (probably polygenic)

Familial combined hyperlipidemia (due to polymorphism of
molecules and enzymes involved in lipid metabolism)

Diseases/conditions
Abdominal obesity

Diabetes

Hypothyreosis

Renal diseases

Systemic lupus erythematosus
HIV infection

Pregnancy (third trimester)

Drugs

Nonselective beta blockers, thiazide diuretics, corticosteroids,
tamoxifen, raloxifene, oral estrogens, protease inhibitors,
immunosuppressives, antipsychotics, retinoic acid, sirolimus,
phenothiazine drugs, etc.

Habits
Alcohol abuse, food rich in saturated fats, and food with a high
glycemic index.

LPL-lipoprotein lipase, GPIHBP1-Glycosylphosphatidylinositol-anchored high-density lipoprotein-binding protein 1

particles with defective vasculoprotective function. It
has also been shown that a triglyceride value over 1.7
mmol/L is associated with a higher cardiovascular risk
(although this value was previously considered optimal)
(18) according to the results of two large epidemiological
Atherosclerosis Risk in Communities Studies. It is clearly
shown that reduction of LDL cholesterol to target levels
contributes to cardiovascular risk reduction, but often
not completely, which is why a residual risk has been de-
fined: residual cardiovascular risk, which includes lipid
and non-lipid parameters such as hypertriglyceridemia,
decreased HDL cholesterol, increased Lp (a), inflam-
mation, and endothelial dysfunction. The results of the
NHANES Study have shown that one in three persons
with type 2 diabetes who, despite the reduction of LDL
cholesterol to target levels, had triglyceride levels above
1.7 mmol/L (19); similar data have been published for
the Ontario cohort where 25.4% of people with cardio-
vascular disease treated with statins achieved LDL levels
below 2.5 mmol/L and had triglyceride levels above 1.5
mmol/L (14). It is still unclear how TRLs contribute to
the development of atherosclerosis. Still, it is assumed
that free fatty acids formed during TRL lipolysis at the
endothelium and in the subendothelial space, along with
the consequent release of reactive oxygen species and
inflammatory cytokines and activation of the NLRP3
inflammasome, may play a role in this process (20). The
atherogenicity of TRLs due to their accumulation in the
subendothelial space results from increased release of
saturated fatty acids, as well as from the induction of en-
dothelial dysfunction and inflammation (20,21). Genetic
studies confirm the importance of TRLs in the develop-
ment of ASCVD independently of other traditional risk
factors, primarily due to structural and functional dif-
ferences and the content of APOC3, APOS, Apo E, and
ANGPTL3/4/5 (20).

Severe hypertriglyceridemia

As mentioned before, circulating triglyceride levels de-
pend on the balance between TRL synthesis/lipolysis in
the liver and enterocytes and hepatic clearance, as well
as on dietary intake and the body’s needs for these lipids.
An imbalance between the production and clearance of
TRLs leads to the development of mild, moderate, and
severe hypertriglyceridemia. As with other dyslipid-
emias, hypertriglyceridemia can be primary and second-
ary. Severe hypertriglyceridemia is mostly the result of
genetic defects (Table 3). While mild/moderate hyper-
triglyceridemias are associated with increased cardiovas-
cular risk, severe hypertriglyceridemia (with triglyceride
values over 11.3 mmol/L), besides increased cardiovas-
cular risk, is also associated with a higher risk of develop-
ing hypertriglyceridemic pancreatitis. Familial chylomi-
cronemia syndrome is a rare condition that results from
an autosomal recessive mutation of the LPL gene with
subsequent LPL deficiency and, rarely, from mutations
in other genes with subsequent deficiency in apo C2, apo
AS, GPIHBP, and LMF1 (Table 3)

Therapeutic options

Therapeutic options for hypertriglyceridemia are pri-
marily focused on reduction of residual cardiovascular
risk and prevention of acute pancreatitis through life-
style modifications (dietary changes, exercise and weight
loss) and on pharmacological intervention when neces-
sary. First-line treatment often involves lifestyle changes
along with statins for mild hypertriglyceridemia, while
for moderate-to-severe cases (TG > 5.6 mmol/L) more
intensive therapy is required. Severe, familial, or per-
sistent hypertriglyceridemia despite standard measures
requires more aggressive therapy with newer medica-
tions (22). According to the 2019 ESC/EAS guidelines
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and the 2025 Focused Update, management includes
statins as initial therapy (20) (Figure 3). For high- or very
high-risk patients with persistently elevated triglycerides
despite statin treatment, specific therapies like high-dose
icosapent ethyl may be considered to reduce cardiovas-
cular events. In severe cases, such as those with Famil-
ial Chylomicronemia Syndrome, newer medications like
Volanesorsen can be considered to lower triglyceride lev-
els and mitigate pancreatitis risk. The guidelines advise
against using dietary supplements or vitamins that lack
proven LDL-C-lowering efficacy for reducing CV risk.
The updated guidelines also recognize triglycerides and
remnant cholesterol as factors in residual CV risk. Dis-
cussions at the 93rd EAS Congress highlighted emerging
therapies, including Plozasiran, which showed potential
in lowering triglycerides. Additionally, the 2025 update
recommends measuring Lipoprotein(a) in all adults, not-
ing levels above 50 mg/dL as a CV risk enhancer (23).
Purified eicosapentaenoic acid is important for reducing
major adverse cardiovascular events (MACE) (24), while
fibrates are primarily used for mixed dyslipidemias and
to lower pancreatitis risk. The main target in high/very-
high-risk patients remains LDL reduction, with TG-low-
ering agents used as adjuncts. In contrast, for patients

with severe hypertriglyceridemia, particularly those at
risk of pancreatitis, intensive triglyceride-lowering treat-
ment is necessary.

In recent years, hypertriglyceridemia (HTG) ther-
apy has been shifting toward targeted therapies for se-
vere cases, alongside established statin/fibrate regimens
(25) (Table 4, Figure 3). Novel treatments for severe
hypertriglyceridemia (sHTG) focus on targeting ge-
netic and molecular pathways, with key innovations in-
cluding: ANGPTL3 Inhibitors (Evinacumab): a human
monoclonal antibody that reduces triglycerides by up to
70% in patients with severe HTG; APOC3 Inhibitors
(Volanesorsen, Olezarsen): these antisense oligonucle-
otides reduce apolipoprotein C-III, a key regulator of tri-
glyceride metabolism, with Olezarsen showing potential
to significantly lower triglyceride levels (up to 73.8% in
trials); siRNA Therapies (Plozasiran/ARO-APOC3): a
next-generation siRNA that targets APOC3 mRNA, pro-
viding a strong, long-lasting reduction of triglycerides;
Triple Receptor Agonist (DR10624): A promising novel
drug that reduced triglyceride levels by over 60% is in a
phase 2 study. Volanesorsen is authorized in the EU for
selected patients with genetically confirmed familial
chylomicronaemia syndrome (FCS). At the same time,

The Evolution of Hypertriglyceridemia Management: From Standard Care to Molecular Frontiers
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olezarsen has also recently received EU marketing au-
thorization for adult patients with genetically confirmed
FCS. In contrast, evinacumab is authorized for homo-
zygous familial hypercholesterolemia rather than severe
hypertriglyceridemia, although its triglyceride-lowering
effects have been investigated. In addition to these new
therapeutic options, new and specialized approaches in-
clude gene therapy (Alipogene tiparvovec) for specific
patients with familial lipoprotein lipase deficiency and
Microsomal Triglyceride Transfer Protein (MTP) Inhib-
itors (Lomitapide) for managing severe hereditary lipid
disorders. These novel therapies offer significant hope
for reducing the risk of acute pancreatitis in patients with
severe hypertriglyceridemia, where traditional therapies
may be inadequate.

Table 4. Lipid-lowering drugs and expected triglyceride reduction (25)

Lipid-lowering drug Expected % Tg reduction
Statins ~15-30%

Bempedoicacid ~0-5%

Fibrates ~20-50%

Ezetimibe ~5-10%

O3FA ~20-50%

PCSK9i ~10-20%

Lomitapide ~30-70%

TG-triglycerides, O3FA-omega-3-fatty acids

In conclusion, LDL cholesterol remains a crucial
causal factor and therapeutic target. Still, in recent years,
triglyceride-rich lipoproteins have been recognized as
significant contributors to atherogenesis and, when ex-
tremely high, to hypertriglyceridemic pancreatitis. New
recommendations for the treatment of dyslipidemia state
that TRLs are a secondary target for cardiovascular risk
reduction and must be treated promptly after achieving
target LDL cholesterol levels.

This narrative review has few shortcomings, relat-
ed primarily to a need for more detailed insight into the
results of studies that analyze effects of triglyceride re-
duction on residual cardiovascular and acute pancreati-
tis risk reduction; however, the topic of this review was

primarily focused on the clinical significance of hypertri-
glyceridemia per se, how to diagnose and treat it. Studies
confirm the positive effect of triglyceride-level reduction
on cardiovascular risk (27) and the benefit of novel thera-
pies for acute hypertriglyceridemic pancreatitis (28), but
further studies are needed to clarify how these new ther-
apeutic options affect residual cardiovascular risk and to
inform future therapeutic recommendations.
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KLINICKI ZNACAJ | TERAPIJA HIPERTRIGLICERIDEMIJE

Ljiljana Popovict, Sandra Singh Lukac?, Iva Rasuli¢t, Ana Petakov?, Marija Mitrovic!, Jelena Bogdanovic!, Drasko Gostiljac?,

Katarina Lali¢?

Sazetak

Uprkos znacajnom napretku u snizavanju LDL holeste-
rola, i dalje preostaje znacajan rezidualni rizik za atero-
skleroznu kardiovaskularnu bolest (ASKVB), uglavnom
uzrokovan trigliceridima bogatim lipoproteinima (engl.
TG-rich lipoproteins-TRLs).

Cilj ovog revijalnog narativa je da se naglasi znacaj hi-
pertrigliceridemije u nastanku aterosklerozne kardiova-
skularne bolesti i akutnog pankreatitisa i da se razjasne
dijagnosticke dileme i aktuelne terapijske opcije.

Ovaj narativni revijalni rad istrazuje patofiziologiju, di-
jagnosticke kriterijume i epidemioloski znacaj hipertri-
gliceridemije. TRL, ukljucuju¢i hilomikrone i VLDL, do-
prinose razvoju ateroskleroze nakupljanjem “preostalih
Cestica” bogatih holesterolom kao i apolipoproteina B
(Apo B) u subendotelijalnom prostoru. Skorasnji epide-
mioloski podaci, ukljucujuci nalaze iz Opste populacione
studije u Kopenhagenu i studije SIMETAP-HTG, potvrdu-

ju da je blaga do umerena hipertrigliceridemija (1,7-5,6
mmol/L) prevladavajuca u priblizno 25% populacije kao
i da je snazno je povezana sa povecanim rizikom od in-
farkta miokarda, sréanim popustanjem i multiorganskim
bolestima poput dijabetesa i MASLD-a. Suprotno tome,
teska hipertrigliceridemija (>11.3 mmol/L) znacajno po-
vecava rizik od akutnog pankreatitisa. Trenutne prepo-
ruke naglasavaju znacaj merenja triglicerida nataste,
iako i nivo triglicerida ne naste ima znacaja za skrining.
Rad zakljucuje da se sekundarni uzroci moraju iskljuciti
prilikom postavljanja dijagnoze hipertrigliceridemije a
istice se i znac¢aj non-HDL holesterola kao sekundarnog
cilja za sveobuhvatno kontrolisanje kardiovaskularnog
rizika. Zavrsni deo rada usmeren je na nove terapijske
opcije i terapije u nastajanju za korigovanje povecanih
nivoa TRL.

Kljuéne reci: hipertrigliceridemija, trigliceridima bogati lipoproteini, non-HDL holesterol, aterosklerozna kardiova-
skularna bolest, rezidualni kardiovaskularni rizik, hipertrigliceridemijski pankreatitis, terapija
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