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Multifactorial chylomicronemia syndrome (MCS or type V hyperlipoproteinemia) is the

most frequent cause of severe hypertriglyceridemia and is associated with an increased

risk of acute pancreatitis, cardiovascular disease, and non-alcoholic steatohepatitis.

The estimated prevalence of MCS in the North American population is 1:600–1:250

and is increasing due to the increasing prevalence of obesity, metabolic syndrome,

and type 2 diabetes. Differentiating between familial chylomicronemia syndrome and

MCS is crucial due to their very different treatments. In recent years, several cohort

studies have helped to differentiate these two conditions, and recent evidence suggests

that MCS itself is a heterogeneous condition. This mini-review will summarize recent

literature on MCS, with a specific focus on the genetic determinants of the metabolic risk

and the latest developments concerning the pharmacological and non-pharmacological

treatment options for these patients. Possible research directions in this field will also

be discussed.

Keywords: multifactorial chylomicronemia syndrome, hypertriglyceridemia, genetic, diet, pancreatitis,

cardiovascular disease

INTRODUCTION

Severe hypertriglyceridemia (HTG) is defined as a fasting triglycerides (TG) concentration
of ≥10 mmol/L (>885 mg/dL). At this threshold of TG, a pathological accumulation of
circulating chylomicrons (chylomicronemia) is almost always present in the plasma (1).
Multifactorial chylomicronemia syndrome (MCS) (OMIM #144650), previously known as
“type V hyperlipoproteinemia” according to the Fredrickson classification or “late-onset
chylomicronaemia,” is by far the most common form of chylomicronemia and severe HTG.
Although the exact frequency of MCS in the general population is not precisely known, the
prevalence of severe HTG in North America has been estimated to be between 1:600 and 1:250
(2–4). In order to develop MCS, an underlying genetic susceptibility for impaired TG metabolism
must be present (5). The full expression of the MCS phenotype is then triggered by the presence
of secondary factors such as a diet rich in fats and simple carbohydrates, reduced activity levels,
obesity, metabolic syndrome, alcohol intake, and uncontrolled diabetes (6). In these patients,
both chylomicrons and very low-density lipoproteins (VLDLs) are increased in circulation due
to impairment of lipoprotein lipase (LPL) activity as well as hepatic overproduction of VLDLs
and their reduced clearance. Following blood sampling, centrifugation, and overnight storage at
4◦C, the presence of chylomicrons can be observable if a creamy supernatant layer is present
on the top of the tube, whereas a cloudy and lactescent lower layer (infranatant) indicates the
presence of VLDLs (7, 8). Clinically, the main manifestations associated with MCS include the
presence of eruptive xanthomas, lipemia retinalis, abdominal pain, and impaired concentration

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2022.886266
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2022.886266&domain=pdf&date_stamp=2022-04-14
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:sophie.bernard@ircm.qc.ca
https://doi.org/10.3389/fcvm.2022.886266
https://www.frontiersin.org/articles/10.3389/fcvm.2022.886266/full


Paquette and Bernard Multifactorial Chylomicronemia Syndrome

(6). Furthermore, MCS is associated with an increased risk of
serious health consequences, which includes acute pancreatitis
(AP), cardiovascular disease (CVD), as well as non-alcoholic fatty
liver disease (NAFLD) (9).

COMPLICATIONS OF MCS

The risk of AP in MCS patients as compared to normolipidemic
individuals from the general population is at least 7-fold higher
(between ∼7- and 54-fold) (7, 10, 11), whereas the risk of
CVD is 2- to 9-fold higher (7, 11). The presence of TG-rich
lipoprotein remnants in circulation, which can penetrate the
vascular wall, as well as the concomitant presence of atherogenic
comorbidities such as obesity or diabetes, could explain the
increased cardiovascular risk, whereas the exact mechanisms
linking HTG and AP still remain poorly understood (12–14).
However, patients with HTG generally present a more severe
clinical course of AP, with increased morbidity and mortality
(15, 16).

NAFLD is a chronic liver disease characterized by excessive
fat accumulation in the liver and is considered as the hepatic
component of the metabolic syndrome or a consequence of it.
The prevalence of NAFLD in the general population is estimated
to be around 25% (17). NAFLD can progress to non-alcoholic
steatohepatitis and ultimately to cirrhosis and its complications
(18). Excessive circulating TG represents one of the risk factors
associated with the development of NAFLD (19–21). In a recent
study, the prevalence of NAFLD in patients affected by MCS
was studied for the first time using transient elastography
(FibroScan). The authors observed that the prevalence of NAFLD
was 74% in 19 MCS subjects, which is three times more prevalent
than in the general population (22). Interestingly, the authors
observed a negative correlation between liver fat accumulation
and AP risk in these patients. This may suggest that if more TG
accumulates in the liver, a lower quantity would be available to
contribute to the pathophysiology of AP (22). However, because
of the small sample size of this study, these results need to be
replicated in a larger cohort of MCS patients.

DIFFERENCES BETWEEN MCS AND FCS

Familial chylomicronemia syndrome (FCS) (OMIM #238600,
also known as type I hyperlipoproteinemia, LPL deficiency,
or monogenic chylomicronemia) is a rare autosomal recessive
disorder, also associated with severe HTG and risk of life-
threatening AP. In these patients, the severe HTG in the
fasting state is solely explained by the presence of chylomicrons.
Compared to MCS, FCS is less common, with an estimated
prevalence of 1 to 10 per million (6). Because there exists a

Abbreviations: ALT, alanine aminotransferase; AP, acute pancreatitis; ApoB,

apolipoprotein B; BMI, body mass index; CVD, cardiovascular disease; FCS,

familial chylomicronemia syndrome; GGT, gamma-glutamyl transferase; HDL-

C, high-density lipoprotein cholesterol; HTG, hypertriglyceridemia; LDL-C, low-

density lipoprotein cholesterol; LPL, lipoprotein lipase; MCS, multifactorial

chylomicronemia syndrome; NAFLD, nonalcoholic fatty liver disease; SNPs,

single-nucleotide polymorphisms; TG, triglyceride; VLDL, very-low-density

lipoprotein.

large overlap in the phenotype of FCS and MCS, the differential
diagnosis between these two conditions may be a challenge.
However, making a proper diagnosis is important to guide
appropriate treatment. In recent years, there has been increasing
interest for studying the clinical differences between FCS and
MCS patients (10, 11, 23–29). The study of Paquette et al. was the
first that systematically compared the clinical and biochemical
characteristics of genetically confirmed FCS patients (n = 25)
vs. MCS patients (n = 36) (24). In this study, despite similar
TG concentrations (19.57 mmol/L in FCS vs. 25.12 mmol/L
in MCS), the severity of the disease was generally worse in
FCS patients than in MCS patients, with a significantly higher
prevalence of abdominal pain (63 vs. 19%), pancreatitis (60
vs. 6%), and multiple pancreatitis (48 vs. 3%). Furthermore,
chylomicronemia discovery occurred at a younger age in FCS
patients (11 vs. 36 years) and more frequently because of
clinical complications including an episode of pancreatitis (12
vs. 3%) and the presence of abdominal pain (20 vs. 3%) than
in MCS patients. In contrast, the cardiometabolic profile was
better in FCS than in MCS patients. Indeed, when the number
of metabolic syndrome features was studied [including body
mass index (BMI) ≥ 27 kg/m2, systolic blood pressure ≥ 130
mmHg or diastolic blood pressure≥ 85 mmHg (or treatment for
hypertension) and fasting glucose ≥ 5.6 mmol/L (or treatment
for diabetes)], a lower frequency of patients presenting two or
three abnormalities was observed in FCS (10%) compared with
MCS (67%). In addition, the prevalence of CVDwas lower in FCS
than in MCS patients (0 vs. 17%), although the difference was
not statistically significant. Other significant differences between
groups included lower ALT, GGT, total cholesterol, HDL-C, LDL-
C, and non-HDL-C in FCS compared to MCS patients (24).
Several findings of this study were confirmed in other cohorts.
Indeed, the frequency of pancreatitis was observed to be higher
in FCS (ranging from 59 to 88%) than in MCS (ranging from
11 to 37%) (11, 25, 26, 28, 29). In the study of Belhassen et al.,
which is a prospective study over 10 years of follow-up (median
of 9.8 years), the hazard ratio for incident AP was 3.6 in FCS as
compared with MCS (11). These results are similar to those of
D’Erasmo et al., who reported an incidence rate of AP in FCS
three times higher than in MCS over a median follow-up period
of 44 months (25). The younger age at baseline in FCS is also
frequently reported, with >10 years of difference between these
two conditions (11, 27, 28). Concerning the metabolic profile of
these patients, a lower BMI is always observed in FCS patients
when this variable is studied (11, 26–29). Indeed, FCS patients
are typically within the normal BMI range, whereas the average
BMI in MCS patients is mostly between 28 and 30 kg/m2. A
higher frequency of NAFLD has also been reported inMCS (74%)
compared with FCS (42%) (22). However, conflicting results have
been obtained concerning differences in prevalence or incidence
of CVD, diabetes, and hypertension (11, 26, 28). Echoing the
findings of Paquette et al. (24), others found significantly lower
concentrations of total cholesterol (25), HDL-C (25–27), and
LDL-C (26, 27) in FCS patients compared with MCS patients.
Importantly, the apolipoprotein B (apoB) concentration in FCS
patients was also found to be significantly lower than in MCS
patients, with minimal overlap between groups (28, 30). Indeed,
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apoB cutoffs between 0.75 and 0.9 g/L have been proposed in
order to differentiate FCS patients from MCS patients (28, 31).
Finally, although TG concentrations are highly fluctuating, the
majority of studies found a higher concentration of baseline TG
or maximal TG in FCS subjects than inMCS subjects (11, 27–29).

GENETICS OF SEVERE

HYPERTRIGLYCERIDEMIA

The gold standard for the differential diagnosis of FCS and
MCS in patients with severe HTG remains the genetic testing
using a targeted next-generation DNA sequencing panel (32).
Other existing diagnostic strategies to identify FCS patients are
described elsewhere (8). Whereas, the presence of homozygous
or compound heterozygous rare variants in the canonical genes
involved in TG metabolism (LPL gene or, less frequently, its
modulators: APOC2, GPIHBP1, APOA5, and LMF1 genes) is
indicative of FCS, the molecular basis of MCS is more complex.
Indeed, there are two main genetic determinants that confer
susceptibility to MCS: the presence of a single deleterious rare
variant in one of the five main TG genes (heterozygous) or
the accumulation of several single-nucleotide polymorphisms
(SNPs) associated with TG concentration (polygenic). This
polygenic susceptibility to MCS is quantified using a polygenic
risk score with common SNPs extracted from genome-wide
association studies. Recent publications have shed light on
the complex genetic architecture of this disease and on the
proportion of each of the main types of genetic determinants
found in the severe HTG population. In the study of Dron et al. in
a cohort of 563 Caucasian patients with severe HTG, the authors
found that a high polygenic risk score (comprised of 16 SNPs)
was the most common genetic determinant of this trait in adults.
Indeed, FCS (biallelic rare variants) was found in 1.1% of the
cohort, whereas heterozygous rare variant and high polygenic
risk were found in 14.4 and 32.0% of the cohort, respectively. Of
note, half of the studied cohort remained genetically undefined
(5). The involvement of non-canonical secondary TG genes has
been suggested as one of the possible factors explaining the
severe HTG in these patients with no identified genetic basis
(5, 33–36). Also, multiple polygenic risk scores exist, with variable
number of SNPs, which can be weighted or unweighted (37,
38). In a subsequent study from the same group, an overview
of the genetic determinants of severe HTG was compared in
patients from three different ancestry groups: European (n =

336), East Asian (n = 63), and Hispanic (n = 199). Whereas,
the proportion of patients with high polygenic scores was similar
between groups (frequency of 25.4–33.9%), the proportion of
patients carrying deleterious rare variants [heterozygous (MCS)
or biallelic (FCS)] differed. This proportion was the highest in
the Hispanic cohort (36.7%), followed by the East Asian cohort
(25.4%), and the European cohort (14.3%) (39). However, it
should be kept in mind that TG-associated SNPs included in
polygenic scores are mainly from European-based genome-wide
association studies. In some isolated populations, a founder effect
is present for specific deleterious rare variants, which increases
the prevalence of heterozygous carriers. For example, in the

French Canadian population, there exists an enrichment in two
LPL variants [p.(Gly215Glu) and p.(Pro234Leu)]. Accordingly,
the reported prevalence of MCS patients carrying a rare variant
in this population is higher than expected in Caucasian patients
(30, 40).

RISK STRATIFICATION AND

HETEROGENEITY OF MCS

Although there is now a better understanding of the clinical
and biochemical differences between FCS and MCS patients, the
phenotype heterogeneity among MCS patients remains poorly
studied. In a recent publication, the clinical differences between
MCS patients with (positive-MCS) vs. without (negative-MCS) a
rare deleterious variant in the five canonical genes involved in
TG metabolism have been studied for the first time (30). The
main observation of this study is that the positive-MCS group
(n = 22) had an intermediate phenotype severity between the
FCS (n = 28) and negative-MCS (n = 53) groups. Indeed, there
was a significant difference between the three groups concerning
the prevalence of abdominal pain (59% in FCS, 36% in positive-
MCS, and 15% in negative-MCS), pancreatitis (61% in FCS,
41% in positive-MCS, and 9% in negative-MCS), and multiple
pancreatitis (46% in FCS, 23% in positive-MCS, and 6% in
negative-MCS). However, when theMCS groups were compared,
the age of the first pancreatitis was not different (41 years in
positive-MCS and 48 years in negative-MCS), and there was no
difference concerning the prevalence of CVD. Interestingly, while
the baseline TG concentration was similar between positive-MCS
(10.55 mmol/L) and negative-MCS (10.33 mmol/L), the maximal
recorded TG value was higher in positive-MCS (41.03 mmol/L)
than in negative-MCS (19.50 mmol/L). Importantly, while the
lower apoB concentration in FCS patients as compared withMCS
patients has been well-documented in previous studies, this study
showed for the first time that the apoB value was also significantly
lower in the positive-MCS group (0.80 g/L) compared to the
negative-MCS group (1.10 g/L). Of note, among MCS patients,
an apoB value < 1 g/L was associated with a ∼5-fold increased
risk of pancreatitis. This cutoff was therefore suggested in order
to identify higher-risk individuals among patients with severely
elevated TG concentrations and to prioritize them for genetic
screening. In this cohort, strong predictors of pancreatitis were
the presence of a rare variant, GGT ≥45 U/L, maximal TG value
≥40 mmol/L, and fructose consumption ≥4% of daily energy
intake. One limitation of this study is that no polygenic score
has been assessed. Therefore, the proportion of patients in the
negative-MCS group having a high polygenic risk as compared to
those that are genetically undefined is not known (30).

In a study of 103 Chinese subjects with TG above 5.65
mmol/l and without secondary causes of HTG, patients with
history of AP presented a higher frequency of rare variants
in the canonical genes involved in TG metabolism than those
with no history of AP. However, for several of these subjects,
the variant in question was a variant of uncertain significance
(36). Interestingly, the maximal TG value was also significantly
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different between subjects with history of AP (16.6 mmol/L) and
those with no history of AP (11.3 mmol/L) (36).

TREATMENT

The main goal in the treatment of MCS patients is to reduce
the TG concentration below the threshold of 5.6 mmol/L (500
mg/dL) in order to prevent AP (41, 42). The secondary focus
of treatment is then to reduce the cardiovascular risk. The
first-line treatment for these patients is to manage secondary
factors associated with HTG such as physical inactivity, obesity,
metabolic syndrome, alcohol intake, and uncontrolled diabetes,
as well as pharmacological treatment with fibrates. One of
the mechanisms by which fibrates lower TG concentrations is
by increasing LPL-mediated lipolysis. Therefore, this drug is
generally effective in MCS patients, in which LPL activity is not
completely impaired, but it is poorly effective in FCS patients,
in which a marked reduction or complete loss of LPL activity is
present. In the study of Paquette et al. including 75 MCS patients
with a mean baseline TG> 10 mmol/L, fibrate use was associated
with a ≥30% TG reduction in 83% of the cohort and a ≥50%
TG reduction in 69% of the cohort (30). In contrast, none of the
FCS patients ever achieved a TG reduction of more than 30%
using fibrate (30). Despite the generally good response to fibrate
therapy observed in MCS patients, the efficacy of fibrate is highly
heterogeneous among these patients. Therefore, the treatment
target of 5.6 mmol/L to reduce the risk of AP is not often
achieved. Furthermore, even if fibrates are recommended for the
treatment of severe HTG, no study has specifically demonstrated
that fibrates use was associated with AP risk reduction, and
thus far, clinical trials showed little or no cardiovascular benefit
of adding a fibrate to statin therapy (43). In FCS patients, the
principal therapeutic modality remains the very low-fat diet, in
which fat should be limited to 10–30 g/day or 10–15% of total
energy intake. The limited intake of long-chain fatty acids is
required to reduce the formation of chylomicrons and maintain
adequate TG concentrations. However, this approach is very
restrictive, and compliance with such a diet over a lifetime
is extremely difficult (44, 45). In MCS patients, both VLDLs
and chylomicrons are present in excess in the circulation and
contribute to the severe HTG phenotype. While reduction of
dietary fat prevents the excessive formation of chylomicrons,
reduction of simple carbohydrates is associated with reduced
VLDL production by the liver (46). The best dietary approach to
lower the TG concentration and to prevent AP in MCS patients
is still unknown. A recent study by Fantino et al. investigated
for the first time in a randomized crossover design the effect of
two different diets on TG concentrations in MCS participants
(47). After 3 weeks on each diet, fasting TG decreased by 55%
following the low-fat diet (fat: 20%, carbohydrates: 60%) and
by 48% following the low-carbohydrate diet (carbohydrates:
35%, fat: 45%), without any change in body weight or in
total cholesterol, HDL-C, LDL-C, and apoB. Interestingly, in
a subgroup analysis including solely subjects carrying a rare
variant in the LPL gene (positive-MCS), a more pronounced TG
decrease was observed following the low-fat diet [71% (−11.97

mmol/L)] than following a low-carbohydrate diet [59% (−8.93
mmol/L)]. Therefore, this study is clinically important since
it demonstrated that MCS patients can be effectively treated
by either low-fat or low-carbohydrate diets if they are closely
monitored by a specialized dietician, achieving a TG decrease that
is comparable to the decrease obtained with fibrates. However,
this study included only 12 participants, so validation of these
results in a larger cohort is required. Furthermore, it is not
known whether following these diets over a long-term period
would result in a decreased risk of AP (47). Importantly, in some
patients, a 50% decrease in TG concentration is not sufficient to
reach the treatment target of 5.6 mmol/L or for TG normalization
(TG≤ 1.7 mmol/L). Fortunately, new therapies for the treatment
of hypertriglyceridemia are emerging, and some of them show
promising results in patients with severe HTG. These emerging
therapies include molecules targeting apoC-III (volanesorsen,
AKCEA-APOCIII-LRx, and AROAPOC3) (48, 49), molecules
targeting ANPTL3 (evinacumab and AROANG3) (50), and ω-3
krill oil (51).

CONCLUSION AND FUTURE DIRECTIONS

Recent studies have helped to better characterize MCS and
the metabolic complications associated with this disease. In
the past few years, differences between both chylomicronemia
syndromes (FCS and MCS) have been better characterized. A
novelty in our understanding of MCS is the heterogeneity in
the genetic susceptibility profiles leading to distinct phenotype
severity. Indeed, recent studies showed that MCS susceptibility
is predominantly polygenic, rather than being caused by a
single rare causal variant in the five canonical genes involved
in TG metabolism. However, this latter etiology is associated
with a more severe form of MCS, with increased risk of
life-threatening AP. Furthermore, measurement of apoB in
patients with severe HTG could be a pertinent first step to
identify higher-risk individuals. Despite these new findings,
the factors that explain the heterogeneity in the risk of AP
in MCS patients remain poorly understood, and more studies
are required in this field. It has been demonstrated that both
low-fat and low-carbohydrate diets are associated with TG
reduction of ∼50% in these patients, allowing flexibility in the
implementation of lifestyle interventions that may encourage
better compliance. However, future studies in MCS patients
should aim at investigating whether following these diets
over a long-term period would result in a decreased risk
of adverse outcomes such as AP, development of NAFLD,
or cardiovascular events. In addition, the difference in the
response to different diets or interventions according to the
type of genetic predisposition should be investigated. This
review highlights the importance of performing a genetic
screening in patients with severe HTG in order to improve
risk stratification and to identify potential candidates for new
biologic therapies. However, several challenges surrounding
the genetic characterization of these patients remain, such
as the question of accessibility and cost. Furthermore, a
large part of the severe HTG population is still genetically
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undefined or carries variants of uncertain significance. It
would be interesting to investigate if the use of omnigenic
scores would result in an improved genetic characterization of
MCS patients.
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