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ABSTRACT

Introduction: Familial chylomicronemia syndrome (FCS) is an autosomal recessive disorder that affects approximately 1 to 10
individuals per million and is caused by variants in the genes encoding for the lipoprotein lipase (LPL) enzyme. In addition to
its heterogeneous clinical presentation, FCS is characterized by a higher risk of life-threatening, recurrent acute pancreatitis
and type 3 diabetes. Since available evidence on FCS in Latin America is limited, there is a clear need for a consensus document
that provides relevant recommendations to guide the management of suspected cases and optimize disease diagnosis across
the region. Methods: A panel of specialists from Latin America with extensive experience in the diagnosis of chylomicronemia
was invited to participate in the creation of this document. The modified Delphi technique was used to reach group consensus
through multiple rounds of questionnaires using statistical techniques and controlled feedback. Results and discussion: Seven-
teen recommendations on diagnosis of FCS were generated. This consensus reflects the collaborative efforts of Latin American
scientific societies and is essential to suspect and diagnose FCS. The organizations that support this document, including So-
ciedad Argentina de Lipidos, Federacion Argentina de Sociedades de Endocrinologia, Fundacién Bioquimica Argentina, Cor-
poracion Grupo Chileno de Trabajo en Ateroesclerosis, Asociaciéon Colombiana de Endocrinologia, Diabetes y Metabolismo,
Departamento de Aterosclerose da Sociedade Brasileira de Cardiologia, and Sociedad Mexicana de Nutricién y Endocrinologia,
are a robust support network that might aid the adoption of these recommendations in local healthcare systems.
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Fasting plasma triglyceride (TG) levels are normally

below 150 mg/dL and may increase as a result of mul-
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and diabetes, which are known to interact with poly-
genic determinants. However, extreme levels of TGs
are rarely explained by monogenic defects, such as
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familial chylomicronemia syndrome (FCS) (1). FCS is
an autosomal recessive disorder that affects approxi-
mately 1 to 10 individuals per million and is caused
by biallelic pathogenic (P) or likely pathogenic (LP)
variants in the genes encoding the lipoprotein lipase
(LPL) enzyme. In addition to its heterogeneous clinical
presentation, FCS is characterized by a greater risk
of life-threatening, recurrent acute pancreatitis and
type 3 diabetes (2). Since available evidence on FCS
in Latin America is limited (3-6), there is a clear need
for a consensus document that provides relevant rec-
ommendations to guide the management of suspect-
ed cases and optimize disease diagnosis across the
region.

METHODS

Evidence-based medicine approaches have signifi-
cantly contributed to the development and improve-
ment of clinical practice guidelines. Nevertheless,
data interpretation and extrapolation to other socio-
cultural contexts may hinder their implementation in
everyday practice. The modified Delphi method has
proven to be a valid and reliable strategy that can
help overcome these barriers by facilitating the col-
lection of expert opinions to gain consensus on a spe-
cific topic (7).

A panel of specialists from Latin America with ex-
tensive experience in the diagnosis of chylomicrone-
mia were invited to participate in the creation of this
document. The modified Delphi technique was used
to reach group consensus through multiple rounds of
questionnaires using statistical techniques and con-
trolled feedback (8,9).

A questionnaire consisting of 30 items (18 with
Likert response options, 7 with polytomous response
options, and 5 with free-text response options) was
drafted on the basis of available evidence from the
main biomedical databases and shared with the expert
panel via a digital platform to maintain the blinding
and anonymity of the responses. The levels of agree-
ment were defined as follows:

e Strong (very high) expert consensus: >80%

agreement, irrespective of the abstention rate;

e Expert consensus: >70% agreement + <20%

abstention rate.
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Some questions were rephrased on the basis of
suggestions from the expert panel when no consen-
sus was reached in the first round. The revised ques-
tions were submitted for reconsideration in succes-
sive rounds. Stability of the consensus was achieved
if 270% of the responses remained unchanged from
previous rounds. To conclude the process, a virtual
meeting was held to agree on a final version contain-
ing 17 recommendations and statements, including a
point of good practice, primarily based on experience.

RESULTS

Recommendation/statement #1

According to the panel of experts, FCS is the preferred
acronym for “familial chylomicronemia syndrome”.
Expert consensus recommendation/statement (agree-
ment: 75%).

Given the broad spectrum of potential symptoms
in affected individuals, this condition is better char-
acterized as a “syndrome” (10). While some patients
present with mild or no symptoms, the diagnostic
process begins with the detection of severe hypertri-
glyceridemia (HTG). Although several cases are seem-
ingly sporadic as a result of the recessive inheritance
pattern of the disease, several organizations, such as
the Lipoprotein Lipase Deficiency (LPLD) Alliance and
the FCS Foundation, have pragmatically used the term
“familial” when referring to FCS (10).

Recommendation/statement #2

On the basis of available evidence and experience, the
expert panel recommends the use of clinical scores for
the diagnosis of FCS. Strong expert consensus recom-
mendation/statement (agreement: 100%).

FCSis an autosomal recessive disorder of chylomi-
cron metabolism marked by a substantial increase in
circulating TG levels. A poor response to conventional
lipid-lowering therapies is common among these pa-
tients because of impaired lipid clearance. However,
FCS remains largely underdiagnosed, which may
lead to delayed initiation of adequate treatment (11).
Available pragmatic scores for the diagnosis of FCS,
which rely mainly on clinical parameters (Tables 1 and 2),
may assist in differentiating between FCS and multi-
factorial chylomicronemia syndrome (MCS) (10).
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Multi-society consensus on FCS diagnosis

Table 1. Mouline score (10)

Fasting TG levels >885 mg/dL on at least three consecutive measurements (*) +5
Fasting TG levels >1,770 mg/dL at least once +1
Previous TG levels <177 mg/dL at least once -5
Absence of secondary factors (t) (except for pregnancy (¥) and use of ethinylestradiol) +2
History of pancreatitis +
Unexplained recurrent abdominal pain +1
No history of familial combined hyperlipidemia +1
No response (TG levels decreased by <20%) to lipid-lowering treatment +1
Age at symptom onset

<40 years +1

<20 years +2

<10 years +3

Score >10: FCS is very likely Score <9: FCS is unlikely Score <8: FCS is very unlikely

FCS: familial chylomicronemia syndrome; TG: triglyceride.

(*) Measurements performed at least one month apart.

(1) Alcohol, diabetes, metabolic syndrome, hypothyroidism, corticotherapy, and the use of other drugs.

(¥) If the diagnosis is made during pregnancy, a second test will be required to confirm the diagnosis postpartum.

Table 2. Clinical scores suggested by Hegele and cols. (12)

Age at first visit

Less than 1 year 0

11to 9years +12

>10 years +12(%)
BMI

<25 kg/m? or <85" percentile +9

>25 kg/m? or >85'" percentile 0
History of pancreatitis

Present +16

Abdominal pain without pancreatitis +9

No abdominal pain or pancreatitis 0
Secondary factors that may trigger HTG

None +11

At least 1 0
Lab tests

TG levels are always >880 mg/dL +13

TG/TC ratio >8 +8

ApoB100 <1 g/dL +12
Additional scores

Aged 1 to 9 years + no secondary factors +7

TG/TC ratio >8 + ApoB100 <1 g/dL +7

TG/TC ratio >8 + no secondary factors +5

If score is >60, consider clinical diagnosis of FCS

ApoB100: apolipoprotein B-100; BMI: body mass index; HTG: hypertriglyceridemia; TC: total cholesterol; TG: triglyceride.
(*) If the age of onset of HTG was younger than 10 years.

Recommendation/statement #3 [3.1] Absence of secondary factors for severe HTG.
On the basis of available evidence and experience, the  Strong expert consensus recommendation/statement
expert panel suggests that the following parameters  (agreement: 100%).

should be considered when establishing the clinical [3.2] History of pancreatitis. Strong expert consen-
diagnosis of FCS: sus recommendation/statement (agreement: 100%).
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[3.3] Refractoriness to conventional treatments
for HTG. Strong expert consensus recommendation/
statement (agreement: 100%).

[3.4] A history of unexplained recurrent abdominal
pain due to other reasons.

Strong expert consensus recommendation/state-
ment (agreement: 100%).

[3.5] Early disease onset (childhood, adolescence,
or young adulthood). Strong expert consensus recom-
mendation/statement (agreement: 100%).

[3.6] Consistent lipid profile (normal or low levels
of direct low-density lipoprotein cholesterol [LDL-C],
low levels of high-density lipoprotein cholesterol
[HDL-C], TG/total cholesterol (TC) ratio >5, and low-
to-normal levels of apolipoprotein B [apoB]). Strong
expert consensus recommendation/statement (agree-
ment: 100%).

[3.7] Onset of diabetes following the diagnosis of
HTG. Expert consensus recommendation/statement
(agreement: 75%).

The selection of these parameters, supported by
evidence and the experience of the group of experts, is
in line with arecent Delphi-based consensus involving
specialists in the management of FCS patients. Factors
such as age at onset, history of abdominal pain or pan-
creatitis, TG/TC ratio, and apoB levels were also con-
sidered relevant for the clinical diagnosis of FCS (12).
In light of the ongoing epidemic of overweight and
obesity, a normal body mass index (BMI) might serve
as a useful indicator; however, both normal-weight
and overweight individuals can develop FCS (13).

Recommendation/statement #4
On the basis of available evidence and experience, the
expert panel suggests that the following genes should
be prioritized when screening patients for mutations
to confirm the genetic diagnosis of FCS:

[4.1] LPL. Strong expert consensus recommenda-
tion/statement (agreement: 91.7%).

[4.2] GPIHBP1. Strong expert consensus recom-
mendation/statement (agreement: 91.7%).

[4.3] APOAS. Strong expert consensus recommen-
dation/statement (agreement: 83.3%).

[4.4] APOC2. Expert consensus recommendation/
statement (agreement: 75%).

Arch Endocrinol Metab, 2025, v.69(5), 1-8, €250071.

Multi-society consensus on FCS diagnosis

[4.5] LMF1. Expert consensus recommendation/
statement (agreement: 75%).

Depending on the target population, 50-90% of
patients with FCS may have biallelic variants in the LPL
gene (14) encoding the LPL enzyme that mediates the
lipolysis of TGs in chylomicrons, very low-density lipo-
proteins (VLDLs), intermediate-density lipoproteins
(IDLs), and other particles. The remaining 10-50%
of cases have biallelic mutations in one of the other
four “canonical” genes encoding cofactors and pro-
teins that interact with LPL, including apolipoprotein
C2 (APOC2), glycosylphosphatidylinositol-anchored
HDL-binding protein 1 (GPIHBP1), apolipoprotein
A5 (APOAS5), and lipase maturation factor 1 (LMF1)
(11,15-17).

Recommendation/statement #5

On the basis of available evidence and experience, the
expert panel states that, under ideal circumstances,
genetic testing is the recommended method to con-
firm the diagnosis of FCS. Strong expert consensus
recommendation/statement (agreement: 83.3%).

Recommendation/statement #6
On the basis of available evidence and experience,
the expert panel states that, under real-world circum-
stances, the clinical evaluation of the patient (includ-
ing clinical scores) is the best diagnostic method for
FCS. Expert consensus recommendation/statement
(agreement: 75%).

In situations where access to genetic testing is re-
stricted, clinical assessment plays a central role in the
diagnosis of FCS.

Recommendation/statement #7

On the basis of available evidence and experience,
the expert panel notes that nearly 25% of patients
presenting with clinical features consistent with FCS
have a negative genetic test result (agreement: 75%).

Recommendation/statement #8

On the basis of available evidence and experience,
the expert panel considers that measuring LPL activ-
ity — if available — is the most adequate approach for
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who tested negative for monogenic mutations. Expert
consensus recommendation/statement (agreement:
75%).

Point of good practice: this preferential recom-
mendation does not preclude the use of other strat-
egies, such as the identification of anti-GPIHBP1 anti-
bodies or whole-exome sequencing.

When the test can be performed, LPL activity is
typically severely reduced among patients with FCS
carrying a homozygous variant in the LPL gene, similar
to patients with homozygous or heterozygous loss-of-
function mutations in other canonical genes (10). Both
the laboratory’s capabilities and availability should be
considered when using this technique (11).

Recommendation/statement #9

On the basis of available evidence and experience, the
expert panel suggests that the LPL activity assay (if
available) should be conducted in patients with clini-
cal features and laboratory findings consistent with
FCS + a negative genetic test or a variant of unknown
significance (VUS). Strong expert consensus recom-
mendation/statement (agreement: 100%).

If available, LPL activity is a reliable marker for
the diagnosis of FCS in patients with HTG (18). In ad-
dition, a statistically significant correlation has been
reported between the activity of this enzyme and di-
agnostic scores that include clinical and biochemical
parameters (19).

Recommendation/statement #10
On the basis of available evidence (sensitivity, speci-
ficity) and experience, the expert panel makes no rec-
ommendation for any particular method or threshold
of choice when measuring LPL activity for the diagno-
sis of FCS (agreement: 100%).

Each laboratory should set their own cutoff values
to measure LPL activity, which is typically <25% of
said value among patients with FCS (18).

Recommendation/statement #11

On the basis of available evidence and experience, the
expert panel makes no recommendations concerning
the utility of lipoprotein electrophoresis in patients
suspected to have FCS (agreement: 100%).
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Recommendation/statement #12

On the basis of available evidence and experience, the
expert panel recommends considering the factors list-
ed below to reconsider the diagnosis of autoimmune
chylomicronemia:

[12.1] Intermittent HTG. Strong expert consensus
recommendation/statement (agreement: 91.7%).

[12.2] Inconclusive genetic testing results. Strong
expert consensus recommendation/statement (agree-
ment: 91.7%).

[12.3] History of other autoimmune conditions.
Strong expert consensus recommendation/statement
(agreement: 83.3%).

[12.4] Adult onset. Expert consensus recommen-
dation/statement (agreement: 75%).

Autoimmune chylomicronemia can be caused by
the presence of anti-GPIHBP1 antibodies. This form of
acquired chylomicronemia is usually characterized by
intermittent HTG and may be associated with a previ-
ous autoimmune condition (including detectable anti-
nuclear antibodies) (20).

Recommendation/statement #13

On the basis of the available evidence and experi-
ence, the expert panel suggests that the diagnostic
approach for FCS should not be changed under the
following special circumstances: (a) patients hospital-
ized for acute pancreatitis; (b) pregnant patients; and
(c) pediatric patients. Strong expert consensus recom-
mendation/statement (agreement: 100%).

The diagnostic approach for patients aged under
10 years is comparable to that for adults (21). In ad-
dition, variables used for the clinical diagnosis of FCS
also seem to be applicable to pregnant patients (22).

Recommendation/statement #14

On the basis of available evidence and experience, the
expert panel recommends considering a conclusive di-
agnosis under the following circumstances:

[14.1] Clinical, biochemical, and genetic testing
consistent with FCS and absent LPL activity: diagno-
sis of FCS. Strong expert consensus recommendation/
statement (agreement: 100%).

[14.2] Clinical and biochemical traits consistent
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activity: diagnosis of MCS. Strong expert consensus
recommendation/statement (agreement: 91.7%).

In the context of this recommendation, the pres-
ence of heterozygous P/LP variants in a single canoni-
cal gene or the detection of homozygous or hetero-
zygous VUS in the same genes are also regarded as
negative genetic test results.

Recommendation/statement #15

On the basis of available evidence and experience, the
expert panel suggests that the possible diagnosis of
FCS should be considered in patients with clinical and
biochemical features consistent with FCS + negative
genetic tests + low LPL activity. Strong expert consen-
sus recommendation/statement (agreement: 100%).

Recommendation/statement #16
On the basis of available evidence and experience, the
expert panel suggests that the probable diagnosis of
FCS should be considered in patients with clinical and
biochemical traits consistent with FCS + inconclusive
genetic tests + low LPL activity. Strong expert consen-
sus recommendation/statement (agreement: 100%).
Differentiating FCS from MCS can be challeng-
ing. While ideally, the detection of pathogenic genetic
variants is the preferred diagnostic method (recom-
mendation/statement #5), genetic tests may some-
times yield negative results for canonical genes in
nonresponders to conventional lipid-lowering treat-
ments who present with phenotypic characteristics
of FCS. Therefore, measuring LPL activity in these pa-
tients may help confirm the diagnosis (19). Notably, as
new evidence continues to emerge, a series of genetic
variants currently regarded as VUS might eventually
be reclassified as pathogenic and, therefore, become
diagnostic for the disease in the future.

Recommendation/statement #17
On the basis of available evidence and experience,
the expert panel suggests that the diagnosis of MCS
should be considered in patients with clinical and bio-
chemical traits consistent with FCS + inconclusive ge-
netic tests + normal LPL activity.

Strong expert consensus recommendation/state-
ment (agreement: 100%).
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DISCUSSION

FCSis arare and intricate metabolic disorder that car-
ries serious risks for patients, including recurrent pan-
creatitis and metabolic complications, such as type 3C
diabetes. In Latin America, this condition entails major
difficulties in diagnosis and treatment, mostly due to
barriers in access to specialized diagnostic tests cou-
pled with the heterogeneity of health care systems
across the region.

The diagnosis of FCS is largely based on the identi-
fication of extreme and persistent elevationsin plasma
or serum levels of TGs (>885 mg/dL) as a consequence
of genetic defects in LPL or its cofactors, which impair
the metabolism of TG-rich lipoproteins. However, in
Latin American countries, the availability of specific
genetic tests is limited or even inaccessible due to
resource and infrastructure limitations. In addition,
the genetic diversity of this population contributes to
the complexity linked to the genetic diagnosis of FCS;
recent studies have reported that non-European an-
cestry might increase the likelihood of developing FCS
(23), which may be subject to specific validations in
the region. As aresult, the implementation of diagnos-
tic scores, as recommended by this consensus, might
facilitate the standardization of criteria.

A further challenge concerning the timely diagno-
sisof FCSin Latin Americais the lack of information on
the prevalence of this syndrome in the region. Some
local studies suggest a prevalence of 2.4% among pa-
tients with severe HTG in a Colombian region (4) or
3% in some areas of Argentina (3). This hampers the
early detection of at-risk patients and emphasizes the
need for real-world studies in the region to character-
ize this disease more accurately and adjust manage-
ment strategies to the local context. The diversity and
fragmentation of health care systems in Latin America
is a major setback for the implementation of these
consensus recommendations, along with the pro-
found differences in terms of coverage and access to
specialized diagnostic tests and treatments.

Moreover, the availability of diagnostic tests for
FCS varies greatly across countries within the region.
While genetic testing may be feasible in some refer-
ral centers in Argentina, Brazil, Chile, Colombia, and
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other countries, and the determination of LPL activ-
ity is currently only available in Argentina. Restricted
access to diagnostic tests interferes with the ability of
health care professionals to confirm FCS (24), which
may result in misdiagnoses and inadequate treat-
ments that fail to address patients’ needs.

This consensus reflects the collaborative efforts
of Latin American scientific societies and is essential
for suspecting and diagnosing FCS. The organiza-
tions that support this document, such as Sociedad
Argentina de Lipidos, Federacion Argentina de Sociedades
de Endocrinologia, Fundacién Bioquimica Argentina,
Corporacién Grupo Chileno de Trabajo en Ateroesclerosis,
Asociaciéon Colombiana de Endocrinologia, Diabetes
y Metabolismo, Departamento de Aterosclerose da
Sociedade Brasileira de Cardiologia, and Sociedad
Mexicana de Nutricién y Endocrinologia, form a robust
support network that might aid the adoption of these
recommendations in local health care systems.

Finally, cooperation within multicenter research
networks and patient follow-up might offer criti-
cal insights into the clinical evolution of FCS in Latin
American populations, an area where current knowl-
edge is limited.

CONCLUSIONS

FCS poses a significant challenge for health care sys-
tems in Latin America, both in terms of diagnosis and
treatment.

The recommendations and statements outlined in
this document have been created on the basis of the
best available evidence, the opinions of the participat-
ing experts, and the endorsement of major scientific
societies in Latin America and are intended as guid-
ance for health care teams involved in the diagnosis
of patients with suspected FCS. This consensus repre-
sents a step forward in the creation of a regional strat-
egy that optimizes the diagnosis of FCS, establishes
specific treatment protocols, reduces the risk of seri-
ous complications, and improves the quality of life of
patients with FCS. The ongoing cooperation between
regional scientific societies, the commitment to real-
world research, and the introduction of accessible and
cost-effective diagnostic solutions will be key to the
success of this initiative in the coming years.
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As with any document of this nature, periodic up-
dates are recommended upon the emergence and dis-
semination of novel scientific findings and the growing
experience of health care professionals.
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