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Genetic Variants Associated with Severe
Hypertriglyceridemia: LPL, APOC2, APOAS,
GPIHBP1, LMF1, and APOE

Ciddi Hipertrigliseridemi ile iliskili Genetik Varyantlar:
LPL, APOC2, APOAS5, GPIHBP1, LMFT ve APOE

ABSTRACT

Objective: High triglyceride (TG) levels are associated with an increased risk for atherosclerotic
cardiovascular disease (ASCVD) and pancreatitis. The objectives for this study were to evaluate
for the coexistence of severe HTG and pancreatitis in two different geographic regions of Turkey
and to identify rare variants that cause monogenic HTG in our country.

Methods: In our study from 2014 to 2019, patients with severe HTG who presented to the
endocrinology outpatient clinics with TG levels >500 mg/dL (5.7 mmol/L) were evaluated. The
LPL, APOC2, APOAS5, GPIHBP1, LMF1, and APOE genes were sequenced using next generation
sequencing to screen for potentially pathogenic variants.

Results: Potentially pathogenic variants were identified in 64 (47.1%) of 136 patients. Variants
in LPL were seen in 42 (30.9%) cases, APOAS5 variants in 10 (7.4%) cases, APOC2 variants in
5 (3.7%) cases, LMF1 variants in 5 (3.7%) cases, and APOE mutations in 2 (1.5%) cases. In
the subgroup that experienced pancreatitis (n = 76, 56.3%), LPL variants were seen at higher
frequency (P <0.001) than in the subgroup with no history of pancreatitis (n = 60, 43.7%).
Patients who developed pancreatitis (56.3%) demonstrated a median TG of 2083 mg/dL (23.5
mmol/L), and patients without pancreatitis (43.7%) demonstrated a median TG of 1244.5
mg/dL (14.1 mmol/L) (P <0.001).

Conclusion: Accurate approach to HTG diagnosis is important for the prevention of pancreatitis
and ASCVD. Evaluation of variants in primary HTG after excluding secondary causes may help
provide a patient-centric precision treatment plan.

Keywords: Apolipoprotein A5, apolipoprotein C2, apolipoprotein E, hypertriglyceridemia, lipo-
protein lipase, lipase maturation factor 1, pancreatitis

OzET

Amag: Ylksek trigliserid (TG) dlzeyleri; aterosklerotik kardiyovaskller hastalik (ASKVH) ve
pankreatit riskinde artma ile iliskilidir. Amacimiz, Turkiye'nin iki farkli cografi bolgesinde ciddi
hipertrigliseridemi (HTG) ve pankreatit birlikteligini degerlendirmek ve ilkemizdeki monogenik
HTG'ye yol agan varyantlar tanimlamaktir.

Yontemler: Calismamizda 2014-2019 yillarinda endokrinoloji polikniklerine basvuran, TG du-
zeyi 2500 mg/dL (5,7 mmol/L) olan HTG vakalar incelenmistir. LPL, APOC2, APOA5, GPIHBP1,
LMF1 ve APOE genleri, potansiyel olarak patojenik varyantlari taramak icin yeni nesil dizileme
kullanilarak sekanslanmistir.

Bulgular: Yz otuz alti hastanin 64'Unde (%47,1) potansiyel olarak patojenik varyantlar tespit
edildi. 42 (%30,9) vakada LPL, 10 (%7.4) vakada APOA5, 5 (%3.7) vakada APOC2, 5 (%3.7)
vakada LMF1 ve 2 (%1,5) vakada APOE varyantlan saptandi. Pankreatit gegiren grupta (n =
76, %56,3) LPL varyantlar, pankreatit 6ykUs( olmayan (n = 60, %43,7) gruba gére daha ylk-
sek siklikta (P <0,001) gorlldd. Pankreatit gegiren hastalann medyan TG'si 2083 mg/dL (23,5
mmol/L) ve pankreatit gecirmeyen hastalarin medyan TG'si 1244,5 mg/dL (14,17 mmol/L) idi
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(P <0,001).

Turk Kardiyol Dern Ars 2023;51(1):10-21

Sonug: Pankreatit ve ASKVH'In dnlenmesi igin HTG tanisina dogru bir yaklasim 6nemlidir. Sekonder nedenleri disladiktan sonra primer HTG icin

varyantlarin degerlendirilmesi, hasta merkezli hassas bir tedavi planinin yapilmasina yardimci olabilir.

Anahtar Kelimeler: Apolipoprotein A5, apolipoprotein C2, apolipoprotein E, hipertrigliseridemi, lipoprotein lipaz, lipaz maturasyon faktérl 1, pank-

reatit

ypertriglyceridemia (HTG) is a common disorder of

lipid metabolism that develops as a result of excess
dietary fat intake, increased hepatic biosynthesis, and
impaired metabolism of triglyceride (TG)-enriched lipopro-
teins, or a variety of secondary causes like poor diet, alco-
hol intake, obesity, insulin resistance, and diabetes mellitus
(DM). Monogenic and polygenic factors contribute to both
mild-moderate and severe HTG."-*

Rare loss-of-function (LOF) variants most often affect lip-
olysis, whereas common variants can affect both production

ABBREVIATIONS

ADA American Diabetes Association

AIDS Acquired immunodeficiency syndrome

APOAS Apolipoprotein A5

APOC2 Apolipoprotein C2

APOE Apolipoprotein E

ASCVD Atherosclerotic cardiovascular disease

AUC Area under the curve

BMI Body mass index

C Cholesterol

Cl Cardiac index

c™M Chylomicron

DM Diabetes mellitus

FCS Familial chylomicronemia syndrome

GPIHBP1 Glycosylphosphatidylinositol anchored high
density lipoprotein binding protein 1

HbA1c Hemoglobin Alc

HDL High density lipoprotein

HLP Hyperkeratosis lenticularis perstans

HTG Hypertriglyceridemia

HTGP HTG-induced pancreatitis

LMF1 Lipase maturation factor 1

LOF Loss-of-function

LPL Lipoprotein lipase

Max Maximum

MCM Muiltifactorial chylomicronemia

Med Median

Min Minimum

ROC Receiver Operating Characteristic

SD Standard deviation

SIFT Sorting Intolerant from Tolerant

apoB Apolipoprotein B

TG Triglyceride
VLDL Very-low-density lipoprotein

and catabolism of TG-rich lipoproteins.>-8 In severe cases of
HTG, derangements in chylomicron (CM) metabolism pre-
dominate; genetic etiologies are biallelic (i.e., homozygous
or compound heterozygous) and result in complete defi-
ciency of activity lipoprotein lipase (LPL) or one of its inter-
acting factors, including apolipoprotein (apo) C-Il, apo A-V,
apo E, lipase maturation factor 1 (LMF1) or glycosylphos-
phatidylinositol anchored high density lipoprotein binding
protein 1 (GPIHBP1)." This rare condition is now referred to
as familial chylomicronemia syndrome (FCS), but it was for-
merly referred to as Fredrickson hyperlipoproteinemia (HLP)
type |. The more common form of severe HTG is now called
“multifactorial chylomicronemia” (MCM, formerly Freder-
ickson HLP type V), characterized by concurrent elevations
in chylomicrons and VLDL. This condition exhibits a much
more complex etiology including susceptibility impart-
ed by both monoallelic (i.e., heterozygous) rare variants in
genes encoding LPL and the four cofactors listed above, as
well as common small-effect variants (i.e., common poly-
morphisms) that add together creating strong polygenic
susceptibility. HTG is a risk factor for the development of
atherosclerotic cardiovascular disease (ASCVD) and acute
pancreatitis.’*?

In many populations, mild-to-moderate HTG is seen in
about 15%-30% of individuals,” while severe HTG demon-
strates a population prevalence of about 1 in 400 to 600;
FCS is a very small subgroup of the latter.” Observational
studies show that pancreatitis is increased with TG >886
mg/dL (>10 mmol/L).? and it further dramatically increases
when TG >1772 mg/dL (>20 mmol/L)." A limited number
of studies exist quantifying the prevalence of HTG in Tur-
key."-13 Kayikcioglu et al.”® reported a prevalence of HTG
(>150 mg/dL) in Turkey 36.5% in general. Onat A.”? re-
ported a prevalence of mild-to-moderate HTG in Turkey of
39.6% and 29.2% in men and women, respectively, and
Bayram et al."" reported the population prevalence of HTG
as 35.7% (33.5% for women and 38.3% for men). Analysis
of rare LOF variants in Turkish patients with HTG has not
been previously performed.

The objectives for this study were the following: (a) screen
for the frequency of severe HTG and pancreatitis in two dif-
ferent geographic regions of Turkey; (b) to identify rare LOF
variants of monogenic forms of HTG.
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Methods

Study Population

In our two-center study from 2014 to 2019, patients who
were admitted to the endocrinology outpatient clinics with
TG level of 2500 mg/dL (>5.7 mmol/L) were reviewed. The
status of LPL, APOC2, APOE, APOA5, LMF1, and GPHIBP1
rare variants were examined. The inclusion criteria for the
patients were TG level of 2500 mg/dL (>5.7 mmol/L) and
being =18 years old. Of the patients who met the inclusion
criteria, 136 patients participated in the study. The exclu-
sion criteria were the presence of increased alcohol con-
sumption without any discrimination (>2 and >1 drink(s)
per day in men and women, respectively), overt hypothy-
roidism, nephrotic syndrome, Cushing's syndrome, rheu-
matoid arthritis, systemic lupus erythematosus, acquired
immunodeficiency syndrome (AIDS), Gaucher disease, li-
podystrophy syndromes, progeroid syndromes, and using
of certain drugs such as estrogen, glucocorticoids, protease
inhibitors, atypical antipsychotics, immunosuppressants,
isotretinoin, tamoxifen, high dose thiazide diuretics, and
nonselective beta blockers. Next, 44 patients prospectively
included in the study were informed in detail, and informed
consent form was read and signed by each participant. With
archive scanning, retrospective data from 92 patients were
included in the study. Then, triglyceride levels were mea-
sured randomly in prospective cases, regardless of fasting or
satiety. Patients were evaluated according to the American
Diabetes Association (ADA) 2011 criteria for the diagnosis of
diabetes. The diagnosis of acute pancreatitis was made with
a history of abdominal pain supported by lipase or amylase
values and imaging results or with an epicrisis report. Addi-
tionally, the study was conducted in accordance with the
"Helsinki Declaration” principles, with full conformity to the
laws and regulations of Turkish Republic, and it fully adhered
to the principles described in the "Good Clinical Practices.”

Molecular Genetic Analyses

Among the cases included in the study, LPL, APOC2, APOAS,
APOE, LMF1, and GPIHBP1 genes were sequenced by the
next generation sequence technique. According to the kit's
protocol, DNA isolation was performed using the EZ1 DNA
Blood kit (Catalog No: 951034 QIAGEN, Germany). Next,
coding regions and exon intron boundaries of the genes
were amplified with PCR with our in-house designed prim-
ers. Nextera XT DNA Library Prep Kit (Ilumina, San Diego,
CA) was used for library preparation. The final products were
analyzed by loading into the next generation sequencing
device (Miseq, Ilumina). The results were confirmed by
Sanger sequence analysis.

To evaluate the samples, the Integrative Genomics View-
er (Borad Institute) was used. The human genome "Hg38"
was used as a reference. Next, the Human Gene Mutation
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Database (http://www.hgmd.cf.ac.uk/ac/index.php) and
ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/) databases
were used to evaluate the variants detected in the study. In
this analysis, only rare variants with minor allele frequency
<1% were considered. Variations detected for the first time
were evaluated with MutationTaster, PolyPhen-2, Sorting
Intolerant from Tolerant (SIFT), and Varsome modeling pro-
grams.

Statistical Analyses

The data were analyzed by IBM SPSS V25 (IBM Corp. Re-
leased 2017. IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp). The assumption of normality was
tested by the Kolmogorov Smirnov test. Continuous vari-
ables with normal distribution were presented as the mean
(standard deviation [SD]); non-normal variables were re-
ported as median (minimum-maximum [min-max]) val-
ues. Categorical variables were presented by frequency and
percentages. Next, means of two continuous normally dis-
tributed variables were compared by independent samples
Student's t test, and the Mann Whitney U test was used
for non-normally distributed data. The frequencies of cate-
gorical variables were compared using Pearson 2 or Fisher's
exact test, when appropriate. Next, the Receiver Operating
Characteristic (ROC) curve method was used to determine
effectiveness of a diagnostic test; area under the curve, cor-
responding 95% Cl, cut-off point, sensitivity, and specificity
values were presented. According to sex and age, propensity
score matching was performed for comparison of those with
and without diabetes. IBM SPSS V25 PS Matching was used
for propensity matching. Also, 1:1 nearest neighbor match-
ing was selected, and the caliper value was determined as
0.2.

Results

A total of 136 cases with HTG were included in the study.
Eighty-seven (64%) of 136 patients were male, and 49
(36%) were female. Six of 49 female patients were preg-
nant. Since lipid levels increase physiologically during preg-
nancy, in order to avoid bias in the average results, they
were calculated by excluding pregnant cases. The mean
age of the patients was 42.3 £ 12.0 years, and the mean
body mass index (BMI) was 28.1 + 4.6 kg/m?. Out of 136
patients, 76 (56.3%) presented with a history of acute
pancreatitis, and 47 (34.8%) of them underwent plasma-
pheresis. In the study group, 56 (41.2%) patients presented
with diabetes with a mean hemoglobin A1c (HbA1c) of 9.4
*+ 2.5%. Consanguinity was found between the parents of
42 (34.7%) patients (Table 1).

Next, the median TG value of the cohort of cases was deter-
mined to be 1579 mg/dL (min-max 500-6678). The me-
dian total cholesterol (C), high density lipoprotein (HDL)-C,
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Table 1. Clinical and demographic features of cases (n = 136)

Variables Findings
Gender, femalenonpregnant, N (%) 43 (31.6)
Pregnant, n (%) 6 (4.4)

Age (year) (mean % SD) 423+12.0

TG (mg/dL) (med [min-max]) 1579.0 [500.0-6678.0]

Total cholesterol (mg/dL) (med [min- 311.0[122.0-839.0]
max])

HDL cholesterol (mg/dL) (med [min- 25.0[3.0-107.0]
max])
Non-HDL cholesterol (mg/dL) (med 285.0 [96.0-768.0]
[min-max])
Consanguinity, n (%) 42 (34.7)
Pancreatitis, n (%) 76 (56.3)
Plasmapheresis, n (%) 47 (34.8)
DM, n (%) 56 (41.2)
HbA1c (%) (mean £ SD) 9.4+25
BMI (kg/m?) (mean * SD) 28.1+46
Rare variants in genes for primary 64 (47.1)
HTG, n (%)
LPL, n (%) 42 (30.9)
APOA5, n (%) 10 (7.4)
APOC2, n (%) 5(3.7)
LMF1, n (%) 5(3.7)
GPIHBP1, n (%) 0 (0.0)
APOE, n (%) 2(1.5)

APOAS5:  Apolipoprotein  A5; APOC2: Apolipoprotein C2; APOE:
Apolipoprotein E; BMI: Body mass index; DM: Diabetes mellitus; GPIHBP1:
Glycosylphosphatidylinositol anchored high density lipoprotein binding
protein 1; HbA1c: Hemoglobin Alc; HDL: High density lipoprotein; HTG:
Hypertriglyceridemia; LMF1: Lipase maturation factor 1; LPL: Lipoprotein
lipase; med: Median; max: Maximum; min: Minimum; SD: Standard
deviation; TG: Triglycerides.

Table 2. Rare variant distribution (n = 64)

Homozygous Heterozygous
(n=37) (n=27)
LPL, n (%) 24 (57.1) 18 (42.9)
APOAS5, n (%) 7 (70.0) 3(30.0)
APOC2, n (%) 4 (80.0) 1(20.0)
LMF1, n (%) 2 (40.0) 3(60.0)
APOE, n (%) 0(0.0) 2(100.0)

APOAS5:  Apolipoprotein  A5; APOC2: Apolipoprotein  C2; APOE:
Apolipoprotein E; LMF1: Lipase maturation factor 1; LPL: Lipoprotein lipase.

and non-HDL-C values were 311 (min-max 122-839), 25
(min-max 3-107), and 285 (min-max 96-768) mg/dL, re-

spectively (Table 1). Low density lipoprotein (LDL)-C levels

were not calculated because all patients demonstrated TG
levels 2500 mg/dL. Demographic data of cases with rare
variants are listed on Tables 1-2, Supplementary Table 1,
and Figure 1.
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Figure 1. Genotype distribution of exon and intron regions
that detected variations in LPL, APOA5, LMF1, APOC2, APOE
genes. APOAS5: Apolipoprotein A5; APOC2: Apolipoprotein C2;
APOE: Apolipoprotein E; LMF1: Lipase maturation factor 1;
LPL: Lipoprotein lipase.

When we compared the groups with and without variant,
the median TG level was statistically significantly higher in
the variant positive group: 2375 mg/dL vs. 1265 mg/dL (P
<0.001). Also, the consanguinity status (61.9% vs. 38.1%)
and pancreatitis history (60.5% vs. 39.5%) were significant-
ly higher in the group with variant (P = 0.002 and P <0.01,
respectively). The BMI (26.8 + 5.0 vs. 29.4 * 3.7 kg/m?) was
lower in the group with variant (P <0.001) (Table 3).

When we compared the cases according to their gender, use
of plasmapheresis and the frequency of LPL variants were
higher in nonpregnant women (Supplementary Table 2).

As nondiabetic patients most likely reflect the early form of
the disease, age and gender were matched by propensity
matching score analysis for a true comparison. Consanguin-
ity and BMI differed between diabetic and nondiabetic sub-
groups. However, TG values and pancreatitis rates were not
statistically different (Supplementary Table 3).

Next, age, gender, consanguinity, DM status, and HbA1c
did not differ significantly (P >0.05) in patients with and
without pancreatitis. In the group with pancreatitis, medi-
an TG levels were significantly higher (P <0.001) than the
nonpancreatitis group (2083.0 mg/dL vs. 1244.5 mg/dL,
respectively). The mean BMI was lower in the group with
pancreatitis (P = 0.213). Also, variant rate and positivity for
LPL rare variants were found more frequently in the pancre-
atitis group (Supplementary Table 4).
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Table 3. Comparison of clinical features by rare variant status (n = 136)

Variant positive (n = 64) Variant negative (n = 72) P
Gender, female, n (%) 29 (59.2) 20 (40.8) 0.034*
Age (year) (mean % SD) 40.8 £ 14.1 43.6 £9.6 0.194
TG (mg/dL) (med [min-max]) 2375.0 [500.0-6678.0] 1265.0 [542.0-5000.0] <0.001*
Consanguinity (n(%)) 26 (61.9) 16 (38.1) 0.002*
Pregnant, n (%) 6 (100.0) 0(0.0) 0.030*
Pancreatitis, n (%) 46 (60.5) 30(39.5) <0.001*
Plasmapheresis, n (%) 31 (66.0) 16 (34.0) 0.001*
DM, n (%) 25 (44.6) 31 (55.4) 0.637
HbA1c (%) (med [min-max]) 10.4 [5.8-14.5] 9.1[5.9-15.3] 0.269
BMI (kg/m?) (mean % SD) 26.8+5.0 29.4 + 3.7 <0.001*

BMI: Body mass index; DM: Diabetes mellitus; HbA1c: Hemoglobin Alc; HDL: High density lipoprotein; HTG: Hypertriglyceridemia; med: Median; max:

Maximum; min: Minimum; SD: Standard deviation; TG: Triglyceride.

Table 4: TG cut-off values for pancreatitis

AUC  Standard P 95% Sensitivity  Specificity Correct TG cut-off
error Confidence % % classification point
interval % (mg/dL)
TG value for pancreatitis 0.7074  0.046 <0.001 0.618 0.797 70.42 67.80 69.23 1487.0
TG value for pancreatitis in 0.617 0.086 0.164 0.447 0.786 90.24 41.18 75.86 1367.5
variant positive patients
TG value for pancreatitis in 0.669 0.069 0.015 0.536 0.802 46.67 85.71 69.44 1747.5

variant negative patients

AUC: Area under the curve; TG: Triglyceride.

Next, a TG level of 1487 mg/dL (AUC 0.7074[0.618-0.797])
was identified in the discrimination of those with and with-
out pancreatitis. Sensitivity and specificity were 70.42%
and 67.80%., respectively. In the variant positive group, a
TG value of 1367.5 mg/dL was found with a sensitivity of
90.24% (Table 4, Supplementary Table 5, Supplementary
Figures 1-3).

Discussion

Our results represent a preliminary study of rare genetic
variants associated with severe HTG and pancreatitis from
two endocrinology clinics in Turkey. After the exclusion of
secondary causes, identification of the genetic etiologies of
severe HTG may facilitate implementation of appropriate
treatments, including certain medications and investiga-
tional treatments.™

Although we do not present baseline rare variant frequency
data from normolipidemic Turkish controls, our findings in-
dicate that a relatively high proportion of Turkish individuals
with severe HTG present with at least one copy of a rare LOF
variant in one of the five canonical genes for FCS, in addi-
tion to APOE. In studies of European, North American Cau-
casian, Hispanic, and East Asian patients with severe HTG,
these proportions were ~35%, ~15%, ~25%, and ~35%,
respectively.’'¢ Additionally, the relatively higher proportion
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of cases with rare variants in our Turkish cohorts could re-
flect ascertainment bias or possible founder effects for one
or more of these variants. Also, we recognize the contro-
versy regarding the true pathogenic status of LPL p.D36N
(c.106G >A) and p.N318S (c.953A >G), which are each clas-
sified as "benign” or "variant of uncertain significance” or "risk
factor” in the ClinVar database (https://www.ncbi.nlm.nih.
gov/clinvar/variation/1550/ and https://www.ncbi.nlm.nih.
gov/clinvar/variation/1552/); the expressed proteins at most
demonstrate only partially impaired lipolytic function. How-
ever, we included them anyway in our tally to allow for com-
parison with previous analyses that also performed this.™

Severe HTG is an independent risk factor for pancreatitis and
probably for ASCVD but not in FCS."7-'° To date, the ab-
solute risk of pancreatitis based on serum TG level has not
been clearly defined in studies or in guidelines. In a Swedish
study of 33260 adults, the risk of acute pancreatitis based
on baseline serum TG levels was evaluated, but no threshold
could be established.?® In the study of Sandhu et al.,’® the
lowest TG level was reported as 1815 mg/dL (20.5 mmol/L)
during pancreatitis attacks in patients with HTG-induced
pancreatitis (HTGP). Similar to our study results, Rashid et
al.2" showed that among 5550 patients with baseline TG
>1000 mg/dL, patients in the acute pancreatitis group
demonstrated higher baseline median TG levels (2148 *
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1578 mg/dL) vs. the no acute pancreatitis group (1559 #
861 mg/dL) (P <0.0001). Moreover, for each 100 mg/dL
increase in TG levels above 1000 mg/dL, a 3% rise in risk
of developing acute pancreatitis occurred. For the first time
in Turkey, we ascertained the frequency of variants for HTG
patients in two different geographic regions, investigated
the inheritance, and identified a TG threshold value for pan-
creatitis as 1487 mg/dL (16.8 mmol/L). The TG value for
pancreatitis was 1367.5 mg/dL (15.5 mmol/L) in patients
with variant, and it was 1747.5 mg/dL (19.8 mmol/L) in
the group without a variant. Although Gonzales KM et al.??
reported that the serum TG / apoB ratio may guide the risk
of pancreatitis, we cannot comment on the TG / apoB ratio
since apoB was not measured in all patients in our study.
Further, our findings indicate that a TG value of 1487 mg/
dL or above increases the risk of acute pancreatitis. Over the
years, different TG cut-off values have been recommended
by professional groups in terms of pancreatitis risk. Endo-
crine Society guidelines defined fasting TG levels of 1000-
1999 mg/dL as severe HTG and =2000 mg/dL as very severe
HTG, emphasizing that a significant increase in the risk of
acute pancreatitis occurs in these situations.?®* The data ob-
tained from our study are valid only for the patients included
in the study, and generalization may lead to false results. It
is proper to generalize with studies to be conducted with a
larger number of patients. In our study, 76 (56.3%) of 136
patients presented with a history of pancreatitis. The num-
ber of patients with LPL variant in the pancreatitis group
was significantly higher than the nonpancreatitis group (P
<0.001). Among patients with an identifiable variant and a
history of pancreatitis, initiating cascade screening of family
members is important so that appropriate interventions can
be undertaken and risk of pancreatic and other long-term
complications reduced.

In the prospective Cardiovascular Munster study, TG levels
were slightly higher in men than in women. TG levels in-
crease in men until the age of 45 and then decrease slight-
ly. whereas in women, it continues to increase with age.?
In the study of Ferriéres et al.,?> 297.909 lipid panels were
examined in 2006-2017. Severe HTG was detected in 403
patients, and 303 (75%) of these cases were reported as
male and 100 (25%) as female. Next, variant frequencies
of female and male cases were determined at a similar rate,
59.2% vs. 40.2%, respectively.

In the study of dyslipidemia prevalence and risk factors in
Turkish adults conducted by Bayram et al.,”! positive asso-
ciations were found between dyslipidemia and age, BMI,
waist circumference, fasting blood sugar, and blood pres-
sure. In our study, the mean BMI was 28.1 * 4.6 kg/m?.
Then, the BMI value was significantly lower in the variant
positive group than the variant negative group (P <0.001).
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This is simply consistent with the fact that the variant pos-
itive group exhibits HTG independent of insulin resistance.
This HTG could, however, be exacerbated by insulin resis-
tance in patients who gain weight and become obese.

In a cohort of 563 patients with TG =885 mg/dL, Dron JS
et al.® reported that 1.1% demonstrated rare biallelic vari-
ants indicating FCS. Despite the low rate in this study, the
high rate of 47.1% (27.2% homozygous-biallelic-, 19.2%
heterozygous) in our group can at least partly be explained
by consanguineous marriage. Multicenter studies with
large patient groups are needed to reveal the true popula-
tion-wide frequency of variant giving rise to HTG in Turkey.
This frequency may differ from other regions as a result of
genetic differences and high rates of consanguineous mar-
riage in Turkey. The high rate of consanguineous marriage
in Turkey (18.5%) results in an increase in the burden of
recessive diseases.?’” However, this rate has not yet been
comprehensively studies in dyslipidemic states.

Researchers reported that primary chylomicronemia affects
1:400 to 1:600 adult individuals; of these, >95% are MCM,
and 1% monogenic or FCS." Greaterthan 90% of monogenic
chylomicronaemia cases are caused by variants in LPL.28 LPL
is responsible for the intravascular hydrolysis of TG-rich lipo-
proteins such as CM and VLDL. ApoA-V is thought to bind
to GPIHBP1 in vitro and facilitate LPL-mediated hydrolysis
of CM.?® Human apoC-llis a necessary cofactor for the acti-
vation of LPL.3° To promote LPL maturation, LMF1 acts as a
chaperone.®” LMF1 dimerizes and activates LPL.3? GPIHBP1
is responsible for the transport and attachment of mature
LPL to the vascular lumen surface where it is fully activat-
ed.3" Next, among the eight molecular targets we screened,
LPL, APOA5, APOC2, LMF1, and GPIHBP1 cause hyperchy-
lomicronemia and pancreatitis. In summary, besides LPL,
other genes associated with monogenic HTG encode prod-
ucts that affect the activity, assembly, or transport of LPL.
As in many other studies, LPL constituted the majority of
variant in our study.’®33-3¢ The genetics of HTG is highly het-
erogeneous, caused by rare variants in five canonical genes,
although LPL underlies the large majority of cases.?®37 Other
genes associated with monogenic HTG have been report-
ed at a lower prevalence than LPL polymorphism in several
studies. Also, only about 20 families with APOC2 deficiency
have been reported worldwide.®® Unlike the rates in our re-
sults, the GPIHBPT variant, which was not detected in our
country, was reported more frequently, while the APOA5
variant was reported less frequently.?®373940 Further, as the
number of patients screened in Turkey increases, detection
of the number of rare variants will also likely increase.

Unfortunately, the limitations of our study are the inability
to provide sufficient data due to partial retrospective evalu-
ation, the lack of regular follow-up of the patients, the low
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number of cases, incomplete information such as coronary
artery disease and response to treatment, and that no de-
fined standard time interval exists for the measurement of
TG levels. TG levels at the time of admission and the acute
pancreatitis status in their history were recorded, so a TG
value was calculated only for patients included in the study.
In our future work, it will be considered. Since the study
population consisted of not only those who admitted for
TG elevation, this situation creates a "selection bias.” Next,
another limitation that should be taken into account in our
further studies, which will be planned entirely prospectively,
is that we evaluated TG levels with a single measurement,
but TG levels vary daily-hourly according to seasons, meal
content, fasting duration, carbohydrate consumption, and
calorie expenditure. Since the number of our patients was
insufficient to determine a cut-off value for pancreatitis, we
only presented analyzes with available data.

Conclusion

A systematic approach to HTG diagnosis is important for
the prevention of pancreatitis and ASCVD. A younger age
of onset, family history, absence of secondary factors, low
apo B level, severely elevated TG level, resistance to anti-
hyperlipidemic therapy, and acute pancreatitis should be
considered in the differential diagnosis of FCS from MCM.
The prevalence of consanguineous marriage in Turkey likely
contributes to genetic predisposition to HTG. Further, the
fact that enzyme deficiency is not reflected in the clinic in
all patients can be explained by the terms "variable pene-
trance” and "incomplete penetrance.” Evaluation of variants
in primary HTG after excluding secondary causes may help
provide a patient-centric precision treatment plan.

Ethics Committee Approval: The study was approved by the Erci-
yes University Faculty of Medicine Ethics Committee (decision dat-
ed 10.17.2018 and numbered 2018/514).

Informed Consent: Written informed consent was obtained from
the participants of this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.H.A., I.Y.S.; Design - A.H.A.,
I.Y.S.; Supervision - F.B.; Resources - A.H.A., L.Y.S., F.B.; Materials
- A.H.A., LY.S., F.B.; Data Collection and/or Processing - A.H.A.,
I.Y.S.; Analysis and/or Interpretation - A.H.A., L.Y.S., F.B., H.0.,S.0.;
Literature Search - A.H.A., L.Y.S.; Writing Manuscript - A.H.A.,
I.Y.S.; Critical Review - A.D.M., P.P.T., R A.H.

Declaration of Interests: The authors declare that they have no
competing interest.

Funding: The prospective part this study was funded by Erciyes

16

Abedi et al. Variants in Hypertriglyceridemia

University Scientific Research Project Unit with the number of TTU-
2019-9350.

References

1. Dron JS, Hegele RA. Genetics of hypertriglyceridemia. Front En-
docrinol (Lausanne). 2020;11:455. [CrossRef]

2. Hegele RA, Ginsberg HN, Chapman M}, et al; European Atheroscle-
rosis Society Consensus Panel. The polygenic nature of hypertri-
glyceridaemia: implications for definition, diagnosis, and manage-
ment. Lancet Diabetes Endocrinol. 2014;2(8):655-666. [CrossRef]

3. Xiao C, Dash S, Morgantini C, et al. Pharmacological target-
ing of the atherogenic dyslipidemia complex: the next frontier
in CVD prevention beyond lowering LDL cholesterol. Diabetes.
2016;65(7):1767-1778. [CrossRef]

4. Nordestgaard BG. Triglyceride-rich lipoproteins and atheroscle-
rotic cardiovascular disease: new insights from epidemiology, ge-
netics, and biology. Circ Res. 2016;118(4):547-563. [CrossRef]

5. Laufs U, Parhofer KG, Ginsberg HN, et al. Clinical review on tri-
glycerides. Eur Heart J. 2020;41(1):99-109c. [CrossRef]

6. Wolska A, Yang ZH, Remaley AT. Hypertriglyceridemia: new
approaches in management and treatment. Curr Opin Lipidol.
2020;31(6):331-339. [CrossRef]

7. Ginsberg HN, Zhang YL, Hernandez-Ono A. Regulation of plas-
ma triglycerides in insulin resistance and diabetes. Arch Med Res.
2005:36(3):232-240. [CrossRef]

8. Baass A, Paquette M, Bernard S, et al. Familial chylomicronemia
syndrome: an under-recognized cause of severe hypertriglyceri-
daemia. J Intern Med. 2020;287(4):340-348. [CrossRef]

9. Toth PP, Shah PK, Lepor NE. Targeting hypertriglyceridemia
to mitigate cardiovascular risk: A review. Am J Prev Cardiol.
2020;3:100086. [CrossRef]

10. Sandhu S, Al-Sarraf A, Taraboanta C, et al. Incidence of pancre-
atitis, secondary causes, and treatment of patients referred to
a specialty lipid clinic with severe hypertriglyceridemia: a retro-
spective cohort study. Lipids Health Dis. 2011;10:157. [CrossRef]

11. Bayram F, Kocer D, Gundogan K, et al. Prevalence of dyslipid-
emia and associated risk factors in Turkish adults. J Clin Lipidol.
2014:8(2):206-216. [CrossRef]

12. Onat A. Lipids, lipoproteins and apolipoproteins among turks,
and impact on coronary heart disease. Anadolu Kardiyol Derg.
2004;4(3):236-245.

13. Kayikcioglu M, Tokgdzoglu L, Kilickap M, et al. Data on prevalence
of dyslipidemia and lipid values in Turkey: Systematic review and
meta-analysis of epidemiological studies on cardiovascular risk
factors. Turk Kardiyol Dern Ars. 2018;46(7):556-574. [CrossRef]

14. Hegele RA, Tsimikas S. Lipid-Lowering Agents.
2019;124(3):386-404. [CrossRef]

15. Surendran RP, Visser ME, Heemelaar S, et al. Mutations in LPL,
APOC2, APOAS5, GPIHBP1 and LMF1 in patients with severe hy-
pertriglyceridaemia. / Intern Med. 2012;272(2):185-196. [CrossRef]

16. GillPK, Dron]JS, Dilliott AA, et al. Ancestry-specific profiles of ge-
netic determinants of severe hypertriglyceridemia. / Clin Lipidol.
2021;15(1):88-96. [CrossRef]

17. Nichols GA, Philip S, Reynolds K, et al. Increased cardiovascular risk

Circ Res.


https://doi.org/10.3389/fendo.2020.00455
https://doi.org/10.1016/S2213-8587(13)70191-8
https://doi.org/10.2337/db16-0046
https://doi.org/10.1161/CIRCRESAHA.115.306249
https://doi.org/10.1093/eurheartj/ehz785
https://doi.org/10.1097/MOL.0000000000000710
https://doi.org/10.1016/j.arcmed.2005.01.005
https://doi.org/10.1111/joim.13016
https://doi.org/10.1016/j.ajpc.2020.100086
https://doi.org/10.1186/1476-511X-10-157
https://doi.org/10.1016/j.jacl.2013.12.011
https://doi.org/10.5543/tkda.2018.23450
https://doi.org/10.1161/CIRCRESAHA.118.313171
https://doi.org/10.1111/j.1365-2796.2012.02516.x
https://doi.org/10.1016/j.jacl.2020.11.007

Abedi et al. Variants in Hypertriglyceridemia

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

in hypertriglyceridemic patients with statin-controlled LDL choles-
terol. J Clin Endocrinol Metab. 2018;103(8):3019-3027. [CrossRef]
Ference BA, Kastelein JJP, Ray KK, et al. Association of triglycer-
ide-lowering LPL variants and LDL-C-lowering LDLR variants
with risk of coronary heart disease. JAMA. 2019;321(4):364-373.
Nordestgaard BG, Varbo A. Triglycerides and cardiovascular dis-
ease. Lancet. 2014;384(9943):626-635. [CrossRef]

Lindkvist B, Appelros S, Regnér S, et al. A prospective cohort
study on risk of acute pancreatitis related to serum triglycerides,
cholesterol and fasting glucose. Pancreatology. 2012;12(4):317-
324. [CrossRef]

Rashid N, Sharma PP, Scott RD, et al. Severe hypertriglyceridemia
and factors associated with acute pancreatitis in an integrated
health care system. J Clin Lipidol. 2016;10(4):880-890. [CrossRef]
Gonzales KM, Donato LJ, Shah P, et al. Measurement of apolipo-
protein B levels helps in the identification of patients at risk for
hypertriglyceridemic pancreatitis. / Clin Lipidol. 2021;15(1):97-
103. [CrossRef]

Berglund L, Brunzell JD, Goldberg AC, et al; Endocrine society.
Evaluation and treatment of hypertriglyceridemia: an Endo-
crine Society clinical practice guideline. J Clin Endocrinol Metab.
2012;97(9):2969-2989. [CrossRef]

Cullen P, Schulte H, Assmann G. The Munster Heart Study (PRO-
CAM): total mortality in middle-aged men is increased at low
total and LDL cholesterol concentrations in smokers but not in
nonsmokers. Circulation. 1997;96(7):2128-2136. [CrossRef]
Ferrieres J, Verdier C, Combis MS, et al. Big data and severe hy-
pertriglyceridemia: Prevalence in 297,909 individuals. Arch Car-
diovasc Dis Suppl. 2019;11(1):118-119. [CrossRef]

Dron JS, Wang J, Cao H, et al. Severe hypertriglyceridemia is pri-
marily polygenic.J Clin Lipidol. 2019;13(1):80-88. [CrossRef]
Kaplan S, Pinar G, Kaplan B, et al. The prevalence of consanguin-
eous marriages and affecting factors in turkey: a national survey.
J Biosoc Sci. 2016;48(5):616-630. [CrossRef]

Brahm AJ, Hegele RA. Chylomicronaemia-current diagnosis and
future therapies. Nat Rev Endocrinol. 2015;11(6):352-362.
Gonzales JC, Gordts PL, Foley EM, et al. Apolipoproteins E and

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Turk Kardiyol Dern Ars 2023;51(1):10-21

AV mediate lipoprotein clearance by hepatic proteoglycans./ Clin
Invest. 2013;123(6):2742-2751. [CrossRef]

Hobbs HH, Leitersdorf E, Goldstein JL, et al. Multiple crm-muta-
tions in familial hypercholesterolemia. Evidence for 13 alleles, in-
cluding four deletions. / Clin Invest. 1988;81(3):909-917. [CrossRef]
Garuti R, Jones C, Li WP, et al. The modular adaptor protein au-
tosomal recessive hypercholesterolemia (ARH) promotes low
density lipoprotein receptor clustering into clathrin-coated pits. /
Biol Chem. 2005;280(49):40996-41004. [CrossRef]

Doolittle MH, Neher SB, Ben-Zeev O, et al. Lipase matura-
tion factor LMF1, membrane topology and interaction with
lipase proteins in the endoplasmic reticulum. J Biol Chem.
2009:;284(48):33623-33633. [CrossRef]

Lamiquiz-Moneo |, Blanco-Torrecilla C, et al. Frequency of rare
mutations and common genetic variations in severe hypertri-
glyceridemia in the general population of Spain. Lipids Health
Dis. 2016;15:82. [CrossRef]

Brahm A, Hegele RA. Hypertriglyceridemia.
2013:5(3):981-1001. [CrossRef]

Johansen CT, Hegele RA. Genetic bases of hypertriglyceridemic
phenotypes. Curr Opin Lipidol. 2011;22(4):247-253. [CrossRef]
Gin P, Goulbourne CN, Adeyo O, et al. Chylomicronemia mutations

Nutrients.

yield new insights into interactions between lipoprotein lipase and
GPIHBP1. Hum Mol Genet. 2012;21(13):2961-2972. [CrossRef]
Gotoda T, Shirai K, Ohta T, et al; Research committee for pri-
mary hyperlipidemia, research on measures against intractable
diseases by the Ministry of Health, Labour and Welfare in Japan.
Diagnosis and management of type | and type V hyperlipopro-
teinemia. J Atheroscler Thromb. 2012;19(1):1-12. [CrossRef]
Calandra S, Priore Oliva C, Tarugi P, et al. APOA5 and triglycer-
ide metabolism, lesson from human APOAS5 deficiency. Curr Opin
Lipidol. 2006;17(2):122-127. [CrossRef]

Nilsson SK, Heeren J, Olivecrona G, et al. Apolipoprotein A-V; a
potent triglyceride reducer. Atherosclerosis. 2011;219(1):15-21.
Beigneux AP, Franssen R, Bensadoun A, et al. Chylomicronemia
with a mutant GPIHBP1 (Q115P) that cannot bind lipoprotein
lipase. Arterioscler Thromb Vasc Biol. 2009;29(6):956-962.

17


https://doi.org/10.1210/jc.2018-00470
https://doi.org/10.1001/jama.2018.20045
https://doi.org/10.1016/S0140-6736(14)61177-6
https://doi.org/10.1016/j.pan.2012.05.002
https://doi.org/10.1016/j.jacl.2016.02.019
https://doi.org/10.1016/j.jacl.2020.11.010
https://doi.org/10.1210/jc.2011-3213
https://doi.org/10.1161/01.CIR.96.7.2128
https://doi.org/10.1016/j.acvdsp.2018.10.261
https://doi.org/10.1016/j.jacl.2018.10.006
https://doi.org/10.1038/nrendo.2015.26
https://doi.org/10.1038/nrendo.2015.26
https://doi.org/10.1172/JCI67398
https://doi.org/10.1172/JCI113402
https://doi.org/10.1074/jbc.M509394200
https://doi.org/10.1074/jbc.M109.049395
https://doi.org/10.1186/s12944-016-0251-2
https://doi.org/10.3390/nu5030981
https://doi.org/10.1097/MOL.0b013e3283471972
https://doi.org/10.1093/hmg/dds127
https://doi.org/10.5551/jat.10702
https://doi.org/10.1097/01.mol.0000217892.00618.54
https://doi.org/10.1016/j.atherosclerosis.2011.07.019
https://doi.org/10.1161/ATVBAHA.109.186577

Turk Kardiyol Dern Ars 2023;51(1):10-21

Abedi et al. Variants in Hypertriglyceridemia

Supplementary Table 1. Demographic data of cases with mutations (n = 64)

Exon/Intron  Sex  Age Pancreatitis TG BMI
(mg/dL) (kg/m?)
LPL
1. Homozygous p.G215E (p.G188E)(c.644G>A) Exon 5 F 36 Yes 1571 20.8
2. Homozygous p.G186E (c.557G>A) Exon 5 F 41 Yes 3527 22.7
3. Homozygous p.1221T (c.662T>C) Exon 5 F 36 Yes 3023 21.8
4. Homozygous p.N318S (c.953A>G) Exon 6 F 55 Yes 3033 28.6
5. Homozygous p.G215E (p.G188E)(c.644G>A) Exon 5 M 79 Yes 1487 21.6
6. Homozygous p.R333C (c.997C>T) Exon 6 M 33 Yes 3200 23.3
7. Homozygous p.L99P (c.296T>C) Exon 3 M 53 No 2045 23.9
8. Homozygous p.C465Y (c.1394G>A) Exon 9 F 18 Yes 2772 19.1
9. Homozygous p.V227A (c.680T>C) Exon 5 M 38 Yes 500 28.3
10. Homozygous p.G186E (c.557G>A) Exon 5 F 18 Yes 6025 18.2
11. Homozygous ¢.88+2dup ( IVS1+2insT) Intron 1 F 31 Yes 3138 23.4
12. Homozygous c.88+2dup ( IVS1+2insT) Intron 1 M 29 Yes 2286 19.8
13. Homozygous ¢.89-1G>A (IVS1-1G>A) Intron 1 M 42 Yes 942 22.3
14. Homozygous ¢.89-2A>G (IVS1-2A>G) Intron 1 F 34 Yes 1278 28.0
15. Homozygous ¢.89-2A>G (IVS1-2A>G) Intron 1 F 43 Yes 3400 25.5
16. Homozygous p.R270C (c.808C>T) Exon 6 F 47 Yes 4161 35.2
17. Homozygous p.R270C (c.808C>T) Exon 6 F 44 Yes 1245 23.4
18. Homozygous p.D183N (c.547G>A) Exon 5 M 60 No 3198 19.2
19. Homozygous p.R270C (c.808C>T) Exon 6 F 31 Yes 2498 21.3
20. Homozygous ¢.89-1G>A (IVS1-1G>A) Intron 1 M 23 Yes 5150 19.9
21. Homozygous ¢.89-1G>A (IVS1-1G>A) Intron 1 M 24 Yes 6390 18.4
22. Homozygous ¢.89-1G>A (IVS1-1G>A) Intron 1 F 25 Yes 2300 28.1
23. Compound heterozygous p.G215E (p.G188E) Exon 5/ F 51 Yes 2008 30.5
(c.644G>A)/p.D36N (c.106G>A) Exon1
24. Compound heterozygous p.G215E (c.644G>A)/p.L392P Exon 5/ F 44 Yes 1587 23.0
(c.1175T>C) Exon8
25. Heterozygous p.R270C (c.808C>T) Exon 6 M 52 Yes 6678 30.1
26. Heterozygous c.89-1G>A (IVS1-1G>A) Intron 1 M 62 Yes 2242 26.6
27. Heterozygous p.N318S (c.953A>G) Exon 6 F 42 No 1020 30.4
28. Heterozygous p.A125T (c.373G>A) Exon 3 F 51 Yes 2273 32.8
29. Heterozygous p.N318S (c.953A>G) Exon 6 F 42 Yes 6236 25.8
30. Heterozygous p.N318S (c.953A>G) Exon 6 F 44 Yes 1509 28.3
31. Heterozygous p.N318S (c.953A>G) Exon 6 M 61 No 3167 32.9
32. Heterozygous p.H273R (c.818A>G) Exon 6 M 34 No 500 28.6
33. Heterozygous p.N318S (c.953A>G) Exon 6 M 68 No 500 30.4
34. Heterozygous p.T75N (c.224C>A) Exon 2 M 52 Yes 2492 39.0
35. Heterozygous p.N318S (c.953A>G) Exon 6 F 22 No 2450 36.3
36. Heterozygous p.G215E (p.G188E) (c.644G>A) Exon 5 M 54 No 4886 29.4
37. Heterozygous p.N318S (c.953A>G) Exon 6 M 44 Yes 1495 30.9
38. Heterozygous p.N318S (c.953A>G) Exon 6 F 48 Yes 3702 29.3
39. Heterozygous p.D36N (c.106G>A) Exon 2 M 37 Yes 1883 31.9
40. Heterozygous p.D36N (c.106G>A) Exon 2 M 53 Yes 5503 24.3
41. Heterozygous p.N318S (c.953A>G) Exon 6 F 30 Yes 1926 23.1
42. Heterozygous p.N318S (c.953A>G) Exon 6 M 33 No 3973 24.1
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Supplementary Table 1. Demographic data of cases with mutations (n = 64) (continue)

Exon/Intron Sex Age Pancreatitis TG BMI
(mg/dL) (kg/m?)

APOA5
1. Homozygous Exon 2 F 24 Yes 2546 26.6
c.16_39delGCCGTGCTCACCTGGGCTCTGGCT (p.A6_
A13del)
2. Homozygous Exon 2 M 22 Yes 1995 28.4
€.16_39delGCCGTGCTCACCTGGGCTCTGGCT (p.A6_
A13del)
3. Homozygous p.Q22X (c.64C>T) Exon 3 F 21 Yes 4087 249
4. Homozygous c.C56G (p.S19W) Exon 2 M 57 No 2941 41.0
5. Homozygous c.16_39del (p.Ala6_Ala13del) Exon 1 F 23 No 1384 30.0
6. Homozygous c.16_39del (p.Ala6_Ala13del) Exon 1 M 50 No 3618 35.0
7. Homozygous ¢.64C>T (p.Gln22Ter) Exon 2 M 57 No 2313 29.4
8. Heterozygous p.Q22X (c.64C>T) Exon 3 M 49 Yes 3256 305
9. Heterozygous c.427delC (p.R143AfsX57) Exon 4 M 41 Yes 1351 329
10.  Heterozygous p.Y110C (c.329A>G) Exon 4 F 39 No 818 31.0
APOC2
1. Homozygous ¢.55+1G>A (IVS2+1G>C) Intron 2 M 23 No 2529 26.0
2. Homozygous ¢.55+1G>A (IVS2+1G>C) Intron 2 F 21 Yes 510 14.0
3. Homozygous ¢.55+6T>G( IVS2+6T>G) Intron 2 M 18 Yes 3400 20.6
4. Homozygous c.55+6T>G( IVS2+6T>G) Intron 2 F 19 No 2014 19.7
5. Heterozygous c.55+6T>G( IVS2+6T>G) Intron 2 M 28 Yes 3284 25.3
LMF1
1. Homozygous ¢.1079-2A>C ( IVS8-2 A>C) Intron 8 M 59 Yes 2437 26.9
2. Homozygous p.G292R (c.874G>A) Exon 6 M 44 Yes 1659 26.0
3. Heterozygous p.V362G (c.1085T>G) Exon 8 M 52 No 1143 25.1
4. Heterozygous p.R461C (c.1381C>T) Exon 9 M 59 No 751 29.0
5. Heterozygous c.1121 T>A (p.Leu374Glu) Exon 8 M 39 Yes 4570 28.7
APOE
1. Heterozygous p.R110P (c.329G>C) Exon 4 F 50 Yes 1100 28.1
2. Heterozygous p.P102R (c.305C>G) Exon 4 M 53 No 967 29.4

APOAS5: Apolipoprotein A5; APOC2: Apolipoprotein C2; APOE: Apolipoprotein E; LMF1: Lipase maturation factor 1; LPL: Lipoprotein lipase; TG: Triglyceride.

Supplementary Table 2. Comparison by gender (n = 130)

Nonpregnant Female (n =43) Male (n=87) P
Age (year) (mean % SD) 42.4 £10.0 43.6£12.0 0.547
TG (mg/dL) (med [min-max]) 1384 [510-6236] 1504[500-6678] 0.338
Consanguinity, n (%) 14 (35.9) 24 (31.6) 0.641
Pancreatitis, n (%) 26 (60.5) 45 (51.7) 0.346
Plasmapheresis, n (%) 19 (44.2) 22 (25.3) 0.029*
DM, n (%) 22 (51.2) 33(37.9) 0.151
HbA1c (%) (mean * SD) 9426 10.0+£ 2.5 0.434
BMI (kg/m?) (mean % SD) 28451 28.3+41 0.942
Variant positive, n (%) 23 (53.5) 35 (40.2) 0.152
LPL, n (%) 19 (48.7) 20 (27.8) 0.027*
APOA5, n (%) 2(9.1) 6(10.3) 0.867
APOC2, n (%) 1(4.8) 3(5.5) 0.904
LMF1, n (%) 0(0.0) 5(8.8) 0.171
APOE, n (%) 1(4.8) 1(1.9) 0.492

APOAS: Apolipoprotein A5; APOC2: Apolipoprotein C2; APOE: Apolipoprotein E; BMI: Body mass index; DM: Diabetes mellitus; HbA1c: hemoglobin Alc;
LMF1: Lipase maturation factor 1; LPL: Lipoprotein lipase; med: Median; max: Maximum; min: Minimum; SD: Standard deviation; TG: Triglyceride.
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Supplementary Table 3. Propensity matching according to sex and age in evaluating diabetes (n = 90)

Patients with DM (n = 45) Patients without DM (n = 45) P
Gender, female, n (%) 16 (47.1) 18 (52.9) 0.664
Age (year) (mean % SD) 43.7 £10.3 424 +11.2 0.541
TG (mg/dL) (med [min-max]) 1787 [500-6678] 1587 [500-6025] 0.974
Consanguinity, n (%) 7 (29.2) 17 (70.8) 0.038*
Pancreatitis, n (%) 29 (54.7) 24 (45.3) 0.284
Plasmapheresis, n (%) 15 (46.9) 17 (53.1) 0.660
HbA1c (%) (mean * SD) 99+24 NA NA
BMI (kg/m?) (mean * SD) 29.5+4.0 26.6 5.0 0.003*
Variant positive, n (%) 21 (46.7) 24 (53.3) 0.527
LPL, n (%) 16 (50.0) 16 (50.0) 0.773
APOA5, n (%) 1(20.0) 4 (80.0) 0.157
APOC2, n (%) 0(0.0) 2 (100.0) 0.140
LMF1, n (%) 3 (60.0) 2 (40.0) 0.777
APOE, n (%) 1(100.0) 0(0.0) 0.354

APOAS: Apolipoprotein A5; APOC2: Apolipoprotein C2; APOE: Apolipoprotein E; BMI: Body mass index; DM: Diabetes mellitus; HbA1c: hemoglobin Alc;

LMF1: Lipase maturation factor 1; LPL: Lipoprotein lipase; med: Median; max: Maximum; min: Minimum; SD: Standard deviation; TG: Triglyceride.

Supplementary Table 4. Comparison of clinical features by pancreatitis (n = 130)

Positive pancreatitis history (n =71)  Negative pancreatitis history (n = 59) P
Gender, male, n (%) 45 (51.7) 42 (48.3) 0.346
Age (year) (mean # SD) 42.1+£10.8 446 £12.0 0.207
TG (mg/dL) (med [min-max]) 2083.0 [500-6678] 1244.5 [500-4886] <0.001*
Plasmapheresis, n (%) 40 (97.6) 2(2.4) <0.001*
Consanguinity, n (%) 25 (65.8) 13 (34.2) 0.054
DM, n (%) 35 (63.6) 20 (36.4) 0.077
HbA1c (%) (med [min-max]) 10.4 [5.8-15.2] 9.0 [5.9-15.3] 0.937
BMI (kg/m?) (mean * SD) 27747 29.1+40 0.213
Variant positive, n (%) 41 (70.7) 17 (29.3) 0.001*
LPL, n (%) 33(76.9) 9 (23.1) <0.001*
APOA5, n (%) 4 (40.0) 4 (40.0) 0.651
APOC2, n (%) 3(75.0) 1(25.0) 0.190
LMF1, n (%) 3(60.0) 2 (40.0) 0.423
APOE, n (%) 1 (50.0) 1 (50.0) 0.814

APOAS: Apolipoprotein A5; APOC2: Apolipoprotein C2; APOE: Apolipoprotein E; BMI: Body mass index; DM: Diabetes mellitus; HbA1c: hemoglobin Alc;

LMF1: Lipase maturation factor 1; LPL: Lipoprotein lipase; med: Median; max: Maximum; min: Minimum; SD: Standard deviation; TG: Triglyceride.

Supplementary Table 5. Comparison by TG levels (n = 130)

TG 21487 mg/dL (n = 69) TG <1487 mg/dL (n = 61) P
Gender, female, n (%) 21 (48.8) 22 (51.2) 0.496
Age (year) (mean * SD) 426+ 119 43.8+10.8 0.546
Consanguinity, n (%) 22 (52.6) 18 (47.4) 0.841
Pancreatitis, n (%) 50 (70.4) 21 (29.6) <0.001*
Plasmapheresis, n (%) 31 (75.6) 10 (24.4) <0.001*
DM, n (%) 32 (58.2) 23 (41.8) 0.318
HbA1c (%) (mean * SD) 98+24 9.7+27 0.859
BMI (kg/m?) (mean % SD) 27.5+46 29.3+4.1 0.017*
Variant positive (n (%)) 43 (74.1) 15 (25.9) <0.001*
LPL, n (%) 32 (82.1) 7(17.9) <0.001*
APOA5, n (%) 5(62.5) 3(37.5) 0.146
APOC2, n (%) 3(75.0) 1(25.0) 0.119
LMF1, n (%) 2 (40.0) 3(60.0) 0.286
APOE, n (%) 0(0.0) 2 (100) 0.291

APOAS: Apolipoprotein A5; APOC2: Apolipoprotein C2; APOE: Apolipoprotein E; BMI: Body mass index; DM: Diabetes mellitus; HbA1c: hemoglobin Alc;

LMF1: Lipase maturation factor 1; LPL: Lipoprotein lipase; med: Median; max: Maximum; min: Minimum; SD: Standard deviation; TG: Triglyceride.
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Supplementary Figure 1. A ROC curve for the use of TG as a
predictor of pancreatitis in all subjects.
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Supplementary Figure 2. A ROC curve of the use of TG as a
predictor of pancreatitis in variant (+) subjects.
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Supplementary Figure 3. A ROC curve of the use of TG as a
predictor of pancreatitis in variant (=) subjects.
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