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KEYWORDS Abstract:

Familial Background: Familial dysbetalipoproteinemia (FD) is an autosomal recessive (rarely dominant) in-
dysbetalipoproteinemia; herited disorder that is almost exclusively associated with the apolipoprotein E gene (APOE) variability.
Cardiovascular risk; Nonetheless, only a small proportion of APOE2/E?2 subjects develop the phenotype for mixed dyslipi-
Polymorphism; demia; the context of other trigger metabolic or genetic factors remains unknown.

Genetic risk score Methods: One hundred and one patients with FD and eighty controls (all APOE2/E2 homozygotes;

rs429358) were screened for 18 single-nucleotide polymorphisms (SNPs) within the genes involved in
triglyceride metabolism.

Results: Two SNPs were significantly associated with the FD phenotype (rs439401 within APOE;
P < 0.0005 and rs964184 within ZPR1/APOA5/A4/C3/A1 gene cluster; P < 0.0001). Unweighted ge-
netic risk scores - from these two SNPs (GRS2), and, also, additional 13 SNPs with P-value below 0.9
(GRS15) - were created as an additional tool to improve the risk estimation of FD development in sub-
jects with the APOE2/E?2 genotype. Both GRS2 and GRS15 were significantly (P < 0.0001) increased in
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patients and both GRSs discriminated almost identically between the groups (P = 0.86). Subjects with
an unweighted GRS2 of three or more had an almost four-fold higher risk of FD development than other
individuals (odds ratio (OR) 3.58, 95% confidence interva (CI): 1.78-7.18, P < 0.0005).

Conclusions: We identified several SNPs that are individual additive factors influencing FD devel-
opment. The use of unweighted GRS2 is a simple and clinically relevant tool that further improves the
prediction of FD in APOE2/E2 homozygotes with corresponding biochemical characteristics.
© 2024 The Authors. Published by Elsevier Inc. on behalf of National Lipid Association.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Cardiovascular diseases (CVDs), mainly atherosclerotic
diseases (ASCVDs), remain the leading cause of premature
morbidity and mortality worldwide. In the Czech Repub-
lic, they account for 45 % of total standardized mortality. '
Among other factors, such as smoking or obesity, different
types of dyslipidemias (DLPs) play a pivotal role in ASCVD
manifestation. The vast majority of DLPs have a significant
genetic background, with many polymorphisms individually
playing a relatively small but highly important role in con-
cert.” In addition to polygenic DLPs, there are monogeni-
cally inherited disorders of blood lipid metabolism, among
which familial hypercholesterolemia (FH) is the most com-
mon.’

Familial dysbetalipoproteinemia (FD), previously known
according to the Fredrickson et al.* classification as hyper-
lipoproteinemia type III (HLP III), seems to be the second
most common, and FD subjects possess a risk of ASCVD
that is comparable to that in subjects with heterozygous FH.’

Phenotypically, FD manifests as a mixed DLP with the
presence of cholesterol-rich VLDL particles, with a VLDL-
cholesterol/triglycerides (TG) ratio > 0.3.° In clinical prac-
tice, the first clue to think about possible FD should be
when a patient presents with mixed DLP and has a total
cholesterol (TC)/TG ratio < 2, under conditions of TC >
5 mmol/l, TG > 3 mmol/l).” When FD is suspected, over-
all accepted diagnostic criteria can be used to help select
suitable candidates for further (especially genetic) testing.
Widely used criteria include the apolipoprotein B (apoB)/TC
ratio < 0.15 g/mmol (sensitivity 89 %, specificity 97 %), the
so-called apoB algorithm, defining FD as apoB < 1.2 g/l, TG
> 2.3 mmol/l, TG/apoB ( 10 and TC/apoB ) 6.2 (sensitivity
93 %, specificity 99 %) or®’ the non-HDL-cholesterol (non-
HDL-C)/apoB ratio with comparable sensitivity and speci-
ficity and the cut-off value 3.69 mmol/g.®

FD is characterized by the accumulation of triglyceride-
rich apoB-containing particles (mostly remnant particles)
and, according to some sources, is associated with an up
to 10-fold increase in the risk of developing premature CV
events.”’ In the study by Paquette et al.'” it was demon-
strated that the risks of ASCVD and peripheral vascular dis-
ease (PVD) in FD are more than 3-fold and 13-fold higher,
respectively, than in normolipidemic controls. Furthermore,
the risk of PVD is approximately 4-fold higher in FD than in
FH. Another potential clinical impact of FD or concomitant

hypertriglyceridemia (HTG) is the risk of developing acute
pancreatitis, a potentially life-threatening condition.”’

FD is primarily determined by a polymorphism
(rs429358) within apolipoprotein E (APOE; OMIM acc.
ID 617,347) gene. The most frequent alleles of the APOE
gene are E2, E3 and E4, with the E3 allele being the most
common in the general population (77-82 %, sometimes
incorrectly'! referred to as wild-type), followed by the E4
allele (11-15 %) and the E2 allele (7-8 %).>"'>'3 In the
majority of cases, FD is associated with the homozygous
APOE2/E2 genotype, which is why it was long thought
to be only an autosomal recessively inherited disease (see
Supplementary Table S1 for other rare variants). Less than
one-fifth of patients with APOE2/E2 manifest FD in the con-
text of other environmental, metabolic, or yet undescribed
genetic factors (see Supplementary Table S2 for more
details).>- 1410

Considering the literature reporting the prevalence of
APOE2/E2 (up to 1 % in Caucasians), up to 10,000 patients
with FD can be expected in the Czech Republic only.'* How-
ever, their detection rate is dramatically lower.”

Genetic predispositions to FD behind the APOE genotype
remain almost completely unknown. Only a few papers have
focused on other genetic variants that could participate in FD
development. Potentially, only APOA)5 variability seems to
play an important role.'*!”

Genetic risk scores (GRS) have recently often been men-
tioned as a powerful tool for discriminating between patients
and controls, but this concept has not yet been applied to FD.

Generally, the accumulation of risk alleles of several to
thousands common DNA variants (mostly SNPs), each of
which has a relatively small effect, occurs in the background
of almost all phenotypes/diseases. As number of SNPs in-
volved in disease development could reach hundreds, cre-
ation of GRS could express more complex risk estimation
(based on the sum of risks caused by single SNPs) and seems
to be a promising tool to implement complex results from ge-
netic screening into the clinical practice.'®

To date, dozens of SNPs associated with increased plasma
TG levels in the general population have been detected using
different approaches (candidate gene studies, comparative
sequencing, genome-wide association studies (GWAS)).!*-?!
Based on these results and several confirmatory studies, we
selected a set of 18 common SNPs whose accumulation of
their risk alleles may lead to the clinical manifestation of
FD 22:23
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The aim of our study was to analyze the potential effect
of preselected SNPs on the development of FD with an effort
to create a specific unweighted GRS as an additional genetic
determinant of FD development in subjects with APOE2/E2
genotype.

Materials and methods
Study subjects

The study was designed as a case—control study.

The cases are represented by 101 subjects with the
APOE2/E2 genotype and typical FD phenotype, i.e., mixed
DLP (laboratory criteria of FD: TC > 5 mmol/l, TG
> 3 mmol/l, TC/TG ratio < 2, non-HDL-C/apoB >
3.69 mmol/g), 11 patients also had FD verified by lipopro-
tein ultracentrifugation. Data were collected in patients both
before and during treatment at 2 centers - at the 3rd Depart-
ment of Internal Medicine - Department of Endocrinology
and Metabolism, 1st Faculty of Medicine, Charles University
in Prague and at the Department of Clinical Biochemistry, St.
Anne University Hospital in Brno.

The control group consisted of 80 probands with the
APOE2/E2 genotype without documented DLP (i.e. TC/TG
> 2). Controls were selected from the large popula-
tion/biobank of the post-MONICA and HAPPIEE studies
with known APOE genotypes. All clinical data from the con-
trols were obtained as self-reported.’*’

All subjects were unrelated adult Caucasians. The study
was conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Review Board (or
Ethics Committee) of General University Hospital in Prague,
First Faculty of Medicine Charles University (protocol code
89/19, date of approval 21 October 2019). Informed consent
with genetic testing for research medical purposes was ob-
tained from all subjects involved in the study.

DNA analyses

DNA was isolated from whole blood (collected in EDTA)
using the conventional desalting method.”®

The APOE2/E2 genotype (rs429358) was confirmed as
described by Hixson and Vernier.”” Individual genetic vari-
ants were determined by PCR-RFLP or using TagMan assays
as described in detail by Hubacek et al.>

Statistical analyses

Hardy-Weinberger equilibrium for individual SNPs was
not analyzed for either probands or controls, as patients
with the APOE2/E2 genotype represent a selected propor-
tion of the population and deviation from this equilibrium is
likely.

Chi-square and individual ORs (odds ratio, 95 % confi-
dence interval [CI]) were determined using a four-field con-
tingency table and STATISTICA software (Statsoft, Prague,

Czech Republic). When the number of individuals with mi-
nor genotypes was below five, these were pooled with het-
erozygotes and analyzed together.

Regardless of nominal significance, only SNPs with P-
value over 0.9 (see section Results for details) were ex-
cluded from creation of the unweighted GRS. Two scores
have been created - GRS2 includes only two most power-
ful SNPs (within APOE and ZPRI/APOA5/A4/C3/A1 gene
cluster); GRS15 includes 15 SNPs set with above mentioned
restriction. For the analysis, the "protective" genotype was
replaced with a value of 0, carriers of one risk allele were des-
ignated 1, and finally, the risk genotype was designated 2. In
the case, that minor homozygotes were not present (in at least
one of the groups), carriers of the minor alleles have been
pooled together in both examined groups and only risk val-
ues “0" and “2" have been implemented. A final unweighted
GRS value is represented as a simple sum of these values. A
P-value < 0.05 was considered statistically significant.

Results
Population characteristics

A detailed description of the study subjects is summarized
in Table 1. In accordance with the criteria for the diagnosis
of FD, the ratios of the mean pre-treatment TC and TG levels
was < 2, non-HDL-C/apoB > 3. 69 mmol/g. About one-fifth
of the probands had known diabetes, and both groups had
mean body mass index (BMI) at borderline for obesity defi-
nition. One-third of the patients were smokers and there was
higher prevalence of manifest ASCVD (25.7% vs. 11.2 %,
P < 0.02).

Single nucleotide polymorphisms

Detailed genotype frequencies of the 18 SNPs ana-
lyzed are summarized within Table 2. Only variants within
APOE and ZPRI/APOA5/A4/C3/A1 gene cluster reached
significantly different genotype frequencies between the
patients and controls (Table 3). The strongest determinant
of the development of FD beyond the APOE2/E2 genotype
was the APOE rs439401 polymorphism: OR (95 % CI)
for the association between homozygotes and minority
heterozygotes was 9.51 (CI: 2.08 - 43.51, P < 0.0005). The
second polymorphism significantly associated with FD was
within the ZPRI/APOAS5/A4/C3/A1 gene cluster (rs964184,
OR 3.62 (CI: 1.85 - 7.10, P < 0.0001 for 4G vs. CC
comparison)).

Additional variants potentially associated with FD (de-
spite the relatively high ORs, but genotype differences were
only borderline significantly different between the groups)
were variants within the GCKR, FRMDS5, GALNT2 and LPL
genes (for more details see Tables 2 and 3).
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Table 1 Basic characteristics of patients with familial dyshetalipoproteinemia (FD) and controls.
Patients Controls P

Number (% females) 101 (38.6 %) 80 (48.7 %)

Age (years) 61.2 £ 15.8 52.6 £ 7.4 0.01
Active smoking; N (%) 31 (30.7 %) 23 (28.8 %) n.s.
Arterial hypertension; N (%) 45 (44.6 %) 38 (47.5 %) n.s.
Type 2 diabetes; N (%) 21 (20.8 %) 9 (11.2 %) n.s.
ASCVD in anamnesis; N (%) 26 (25.7 %) 9 (11.2 %) 0.02
BMI (kg/m?) 29.0 £ 3.9 28.3 £ 4.6 n.s.
Total cholesterol (mmol/L) 8.9 + 2.8 4.8+ 1.1 0.001
Triglycerides (mmol/L) 6.7 £ 6.0 1.9 + 0.9 0.001
HDL-cholesterol (mmol/L) 1.4 £ 0.5 1.4+ 0.4 0.61
Apolipoprotein B (g/l) 1.1+ 0.5 N/A N/A
non-HDL-cholesterol (mmol/L) 7.1+£3.3 3.1+ 1.5 0.001

ASCVD - atherosclerotic cardiovascular disease in anamnesis (history of coronary artery disease, stroke, peripheral vascular disease included), BMI -
body mass index; HDL, high-density lipoprotein; N/A, not applicable; and n.s., not significant.

The values are n (%) or mean =+ SD.

Unweighted GRS

Two unweighted GRSs were created (based on the re-
sults presented in Table 2) as an additional tool to improve
the assessment of the risk of FD development in subjects
with the APOE2/E2 genotype. The simplest one includes
just the two most powerful SNPs (GRS2, within genes for
APOE, 15439401 and ZPRI/APOA5/A4/C3/A1 gene cluster,
rs964184); the second exclude the three SNPs (within LRP1,
MAP3KI and CAPN3 genes) where no differences between
patients and controls have been observed yielding 15 SNPs
gene score (GRS15).

The mean GRSs were significantly different in both cases
(both P < 0.0001). Mean GRS2 was 2.50 &+ 0.73 in patients
vs. 1.86 £+ 0.91 in controls; values for GRS15 were than
6.94 £ 1.22 vs. 5.96 £ 1.29. The detailed distribution of un-
weighted GRS values is summarized in Figs. 1 and 2. Impor-
tantly, adjustment for sex, type 2 diabetes (T2D) or BMI did
not change the results significantly.

Finally, and rather surprisingly, both GRSs discriminated
almost identically between both groups. AUC (area un-
der curve) for GRS2 was (mean + SD) 0.676 £+ 0.03 and
0.684 +£ 0.04 for GRS15 (P = 0.86).
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Fig. 1 Distribution of unweighted GRS2 in FD patients and
controls.

CI, confidence interval; FD, familial dysbetalipoproteinemia; GRS,
genetic risk score; OR, odds ratio.
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Fig. 2 Distribution of unweighted GRS15 in FD patients and con-
trols.

CI, confidence interval; FD, familial dysbetalipoproteinemia; GRS,
genetic risk score; OR, odds ratio.

Discussion

Our study examined the role of common gene polymor-
phisms influencing TG rich lipoprotein metabolism and led
to construction of a GRS for the determination of suscepti-
bility to FD (HLP III). It is well known that the APOE2/E2
genotype is considered necessary for development of this
pathology, but, as only a minor part of APOE2/E2 sub-
jects is affected, simultaneous presence of other susceptibil-
ity factors, either genetic or environmental, is thought to be
essential.

Out of the 18 analyzed SNPs within genes with a role
in TG plasma levels regulation, only two were highly
associated with the FD phenotype. It is not a surprise
that these two significant SNPs are located at APOE and
ZPR1/APOA5/A4/C3/A1 gene cluster loci. These genes are
very plausible candidates for future detailed genetic testing
(in-depth sequencing).

In addition to APOE, the ZPRI/APOA5/A4/C3/A1 gene
cluster, as the most powerful determinant of plasma TG and
a proven genetic risk factor for ASCVD manifestation, is
the second most confirmed candidate.’*? Indeed, similar

to our study, Evans et al.'* associated a common (rs662799
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Table 2 Genotype frequencies of individual SNPs within the FD patients and controls.

Gene SNP Group MM Mm mm P

alleles
N % N % N %

Included in the GRS2

APOE rs439401 Controls 67 83.8 13 16.5 0 0.0 0.00007

ZPR1/APOA5/A4/C3/A1 M-Cm-T FD patients 99 98.0 2 2.0 0 0.0

gene cluster rs964184 Controls 64 80.0 15 18.8 1 1.3 0.0001
M-CGm-G FD patients 53 52.5 36 35.6 12 1.9

Extended GRS15

GCKR rs1260326 Controls 27 33.8 32 40.0 21 26.3 0.03
M-CGm-T FD patients 22 21.8 60 59.4 19 18.8

FRMD5 rs2929282 Controls 74 92.5 6 7.5 0 0.0 0.04
M-Am-T FD patients 83 82.2 18 17.8 0 0.0

GALNT2 rs1321257 Controls 41 51.3 27 33.8 12 15.0 0.06
M-A;m-G FD patients 37 36.6 52 51.5 12 11.9

LPL rs12678919 Controls 65 81.3 14 17.5 1 1.3 0.09
M-Am-G FD patients 91 90.1 10 9.9 0 0.0

TYW1B rs13238203 Controls 74 92.5 6 7.5 0 0.0 0.24
M-Cm-T FD patients 88 87.1 7 6.9 6 5.9

HLA rs2247056 Controls 43 53.8 30 37.5 7 8.8 0.29
M-T,m-C FD patients 65 64.4 27 26.7 9 8.9

CTF1 rs11649653 Controls 29 36.3 42 52.5 9 11.3 0.35
M-Cm-G FD patients 29 23.7 54 53.5 18 17.8

TRIB1 rs2954029 Controls 25 31.3 40 50.0 15 18.8 0.38
M-A m-T FD patients 34 33.7 41 40.6 26 25.7

CILP2 rs10401969 Controls 71 88.8 9 11.3 0 0.0 0.48
M-T,m-C FD patients 86 85.1 13 12.9 2 2.0

CYP26A1 rs2068888 Controls 21 26.3 40 50.0 19 23.8 0.53
M-G m-A FD patients 25 24.8 58 57.4 18 17.8

CETP rs7205804 Controls 27 33.8 32 40.0 21 26.3 0.61
M-G m-A FD patients 40 39.6 40 39.6 21 20.8

LIPC rs261342 Controls 45 56.3 23 28.8 12 15.0 0.69
M-G m-C FD patients 53 52.5 35 34.7 13 12.9

NAT2 rs1495743 Controls 47 58.8 29 36.3 4 5.0 0.84
M-Cm-G FD patients 55 54.5 40 39.6 6 5.9

SNPs excluded from calculations

LRP1 rs11613352 Controls 52 65.0 25 31.3 3 3.8 0.93
M-CGm-T FD patients 65 64.4 31 30.7 5 5.0

MAP3K1 rs9686661 Controls 52 65.0 24 30.0 4 5.0 0.96
M-CGm-T FD patients 66 65.3 32 31.7 3 3.0

CAPN3 rs2412710 Controls 77 96.3 3 3.7 0 0.0 1.00
M-G m-A FD patients 97 96.0 4 4.0 0 0.0

FD, familial dysbetalipoproteinemia and SNP, single nucleotide polymorphism; M - major allele; m - minor allele (based on the frequency in controls);
P values are calculated for MM vs. Mm vs. mm comparison, if there are at least 5 minor homozygotes. If there were fewer than 5 minor homozygotes, the

MM vs. (Mm+mm) model was used.

and rs3135506) APOA5 polymorphism with FD. It is likely
that analysis of the degree of linkage disequilibrium and/or
APOE-APOAS interactions will further improve the FD di-
agnostics.

There is no existing literature reporting on the associa-
tions of SNPs located on other loci/gene clusters and the risk
of FD. Despite the relative low number of patients and con-
trols, our study pointed at four additional genes of interest —
namely GCKR, FRMDS5, GALNT2 and LPL. Variants within
these four genes were slightly (P-values between 0.03 and
0.09) associated with FD. This is consistent with our previ-
ous results’® — all the 4 SNPs detected herein were signifi-

cantly associated also with extremely high plasma TG levels
in a non-FD population. This further underline their impor-
tance, as previous GWASs?>'3#33 have found that these SNPs
are powerful determinants of increased TG levels at the pop-
ulation level. The lack of information about other important
polymorphisms associated with FD could also be (and not in
our study only) a consequence of the relatively low number
of examined subjects, as FD is a relatively rare phenotype.

The effect of individual SNPs on phenotype often differs
between populations.’?>**% To avoid this problem, we se-
lected SNPs with already confirmed effects on TG levels in
the Czech population.”?
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Table 3  Effects of individual SNPs potentially associated with FD development.
Gene SNP Calculated for OR 95 % CI P
APOE rs439401 CCvs. +T 9.51 2.08 - 43.51 0.0005
ZPR1/APOA5/A4/(C3/A1 rs964184 +G vs. CC 3.62 1.85 - 7.10 0.0001
gene cluster
GCKR rs1260326 +T vs. CC 1.83 0.94 - 3.54 0.07
FRMD5 rs2929282 +T vs. AA 2.67 1.01 - 7.10 0.04
GALNT2 rs1321257 +G vs. AA 1.87 1.03 - 3.40 0.04
LPL rs12678919 AA vs. +G 2.10 0.89 - 4.97 0.09
TYW1B rs13238203 +T vs. CC 1.82 0.66 - 5.03 0.24
HLA rs2247056 TT vs. +C 1.55 0.85 - 2.83 0.15
CTF1 rs11649653 +G vs. CC 1.41 0.75 - 2.64 0.28
TRIB1 rs2954029 TT vs. +A 1.50 0.73 - 3.08 0.26
CILP2 rs10401969 +Cvs. TT 1.38 0.57 - 3.33 0.48
CYP26A1 rs2068888 +A vs. GG 1.08 0.55 - 2.12 0.82
CETP rs7205804 GG vs. +A 1.29 0.70 - 2.37 0.42
LIPC rs261342 +C vs. GG 1.16 0.65 - 2.10 0.61
NAT2 rs1495743 +G vs. CC 1.19 0.66 - 2.16 0.56
LRP1 rs11613352 +T vs. CC 1.03 0.56 - 1.90 0.93
MAP3K1 rs9686661 CCvs. +T 1.02 0.55 - 1.88 0.96
CAPN3 rs2412710 +A vs. GG 1.06 0.23 - 4.87 0.94

Abbreviations: CI, confidence interval; FD, familial dysbetalipoproteinemia; OR, odds ratio; SNP, single nucleotide polymorphism.

The use of individual SNPs as disease predictors is often
criticized because of the relatively low risk associated with
individual alleles, and, thus, an OR greater than 2 is rarely
achieved.?**0 In fact, however, “traditional” CV risk factors,
such as high cholesterol or arterial hypertension, are not bet-
ter predictors.***> In contrast, as demonstrated in our study,
amuch larger OR can be achieved if patients and subjects are
selected according to very strict inclusion criteria.

Even the most powerful individual gene polymorphism
would not be able to predict the risk of any polygenic disease
with the required accuracy. Therefore, in the past decade,
much effort has been put into the analysis of GRSs,'®:*
which shall predict the complex genetic risk more precisely.

Briefly, GRSs are based on a sum of disease-associated al-
leles presented in each individual. GRS could be calculated
simply on the presence of each (unweighted GRS) risky al-
lele; in the case that sum is based not only on risk status but
also on the effect size (usually based on hazard ratio/odds
ratio or on B-coefficient), weighted GRS is more suitable.

In our study, unweighted GRSs created from two, as well
as fifteen, SNPs were highly significant predictors of FD de-
velopment. In fact, there was no nominal improvement in
FD prediction, if additional 13 SNPs have been included in
GRS2 (AUC (area under curve) for GRS2 was (mean + SD)
0.676 £ 0.03 and 0.684 £ 0.04 for GRS15 (P = 0.86)). It is
likely caused by the fact, that the effect of two strongest SNPs
was extremely powerful in comparison with other included
SNPs. In view of the above, the use of unweighted GRS2
further improves the prediction of FD in APOE2/E2 homozy-
gotes with corresponding biochemical characteristics.

Early recognition of subjects at high risk of FD devel-
opment will be of special importance, as it is known that
FD subjects are under a similar risk of ASCVD and PVD

development to patients with heterozygous FH.? Detection
of risky GRS2 in APOE?2/2 carriers shall lead to early detec-
tion of individuals susceptible to FD development enabling
initiation of preventive measures to avoid premature CV
morbidity and, also, reduce the risk of HTG associated acute
pancreatitis.

It might be speculated the results of the observations could
be influenced by differences in age, sex, BMI, dietary or ex-
ercise habits. In our study, however, adjustment for age, gen-
der, BMI or prevalence of T2D did not change the results
significantly. In the future, to maximize the subject’s profit
from genetic screening, genetic testing should be performed
in young individuals. With timely primary prevention, suit-
able lifestyle changes could be implemented at a young age.
This, in turn, will lead to improved profile of modifiable risk
factors, which do contribute to the development of FD (e.g.
abdominal adiposity, insulin resistance).

Our results were potentially influenced by several limi-
tations. First, we did not screen patients for the presence of
monogenic mutations leading to the development of severe
mixed DLP. However, as the expected mutation prevalence
is approximately 1: 1 000 000, it is very unlikely that such
subjects have been included. Additionally, the diagnosis of
FD was made based on the simultaneous presence of mixed
DLP and APOE2/E?2 genotype; only 11 patients also had FD
verified by lipoprotein ultracentrifugation. To minimize the
impact of false positive FD diagnoses we employed the com-
monly recommended diagnostic algorithm to assess the pres-
ence of FD. Another limitation of the study was that only TC,
TG, apoB and HDL-cholesterol were measured, and non-
HDL-C was calculated. Finally, this study did not also in-
clude a confirmatory group, as both probands and controls
were a very specific subset of the general population.
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Conclusions

We conclude that several gene SNPs represent addi-
tional genetic factors underlying the development of FD
in APOE2/E2 individuals. The use of unweighted GRS2
is a simple and clinically relevant tool that further im-
proves the prediction of FD in APOE2/E2 homozygotes with
corresponding biochemical characteristics (e.g., non-HDL-
C/apoB > 3.69 mmol/g). Moreover, identification of positive
GRS2 in these patients may help prevent the development of
FD by early initiation of intensive lifestyle changes.
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