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Abstract

Introduction: Dysbetalipoproteinaemia (HLP3) is a disorder characterized by
excess cholesterol-enriched, triglyceride-rich lipoprotein remnants in geneti-
cally predisposed individuals that powerfully promote premature cardiovas-
cular disease if untreated. The current prevalence of HLP3 is largely unknown.
Material and methods: We performed cross-sectional analysis of 128,485
U.S. adults from the Very Large Database of Lipids (VLDbL), using four algo-
rithms to diagnose HLP3 employing three Vertical Auto Profile ultracentrifuga-
tion (UC) criteria and a previously described apolipoprotein B (apoB) method.
We evaluated 4,926 participants from the 2011-2014 National Health and
Nutrition Examination Survey (NHANES) with the apoB method. We exam-
ined demographic and lipid characteristics stratified by presence of HLP3 and
evaluated lipid characteristics in those with HLP3 phenotype discordance and
concordance as determined by apoB and originally defined UC criteria 1.
Results: In U.S. adults in VLDbL and NHANES, a 1.7-2.0% prevalence is ob-
served for HLP3 with the novel apoB method as compared to 0.2-0.8% prev-
alence in VLDbL via UC criteria 1-3. Participants who were both apoB and UC
criteria HLP3 positive had higher remnant particles as well as more elevated
triglyceride/apoB and total cholesterol/apoB ratios (all p < 0.001) than those
who were apoB method positive and UC criteria 1 negative.

Conclusions: HLP3 may be more prevalent than historically and clinically
appreciated. The apoB method increases HLP3 identification via inclusion of
milder phenotypes. Further work should evaluate the clinical implications
of HLP3 diagnosis at various lipid algorithm cut-points to evaluate the ideal
standard in the modern era.

Key words: Very Large Database of Lipids (VLDL), National Health

and Nutrition Examination Survey, type Il hyperlipoproteinemia,
dysbetalipoproteinemia, apolipoprotein B.
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Introduction

Dysbetalipoproteinemia (hyperlipoproteinemia
type 3 (HLP3)) is a heritable disorder characterized
by excess cholesterol-enriched, triglyceride (TG)-
rich remnant lipoproteins. It is one of 5 Fredrick-
son, Levy, and Lees hyperlipoproteinemia pheno-
types described in 1967 using electrophoresis and
ultracentrifugation (UC) techniques [1]. HLP3 clas-
sically occurs in individuals who are homozygous
for a common recessive allele apoE2 via the sub-
stitution of cysteine for arginine at position 158
[2]. These mutaions lead to defective removal of
chylomicron remnants and very low-density lipo-
protein cholesterol (VLDL-C), promoting premature
atherosclerotic cardiovascular disease (ASCVD) [2].
Fewer than 5% of apoE2 homozygotes develop hy-
perlipidemia [3], and it is thought that additional
genetic, hormonal, and environmental factors such
as obesity and diabetes are required to precipitate
a pathologic hyperlipidemic state [4].

Clinicians generally consider familial hyperlipo-
proteinemias to be rare, and consequently a spe-
cific diagnosis is seldom made in clinical practice
[5-7]. In the 1960s when HLP3 was first described,
lipid fractionation techniques were limited in their
ability to assess the prevalence of these pheno-
types in large studies; initial research estimated
their frequency at 0.1-0.4%. [8-10]. HLP3 can-
not be diagnosed from the standard lipid profile
comprising cholesterol, high density lipoprotein
cholesterol (HDL-C), LDL-C, and TG [11]. Several
clinical criteria have been proposed based on UC
and apoB measurement [12, 13], however these
are not widely used in modern practice. Popula-
tion-based prevalence studies using classical UC
are lacking, and prior studies with selected pa-
tients referred for evaluation may improperly es-
timate true prevalence of HLP3 [8].

In this study, we aimed to describe the preva-
lence of HLP3 in the modern U.S. adult population
with modified UC-based criteria and a recently val-

idated quantitative approach to diagnose familial
hyperlipoproteinemia phenotypes that integrates
information from the standard lipid profile and
apolipoprotein B (apoB), otherwise known as the
apoB method [14, 15]. We analyzed participants
from the Very Large Database of Lipids (VLDbL)
and National Health and Nutritional Examination
Survey (NHANES) to evaluate for consistency in
apoB method-derived HLP3 prevalence estimates
as well as the overall overlap in distribution of
apoB, LDL-C, total cholesterol, and TG.

Material and methods
VLDbL study data

We examined 309,783 participants from VLDbL
(clinicaltrials.gov NCT01698489), a database col-
lected from U.S. participants referred for Vertical
Auto Profile (VAP) UC lipid profile analysis (Athero-
tech, Inc., Birmingham, AL) in 2009-2011. We per-
formed a cross-sectional analysis of fasting par-
ticipants, including those who were 18 years and
older with complete demographics (age, sex, dia-
betes, and hypertension) and lipid values: apoB,
HDL-C, VLDL-C, VLDL-C subfraction 3 (VLDL3-C),
remnant lipoprotein cholesterol (RLP-C), inter-
mediate density lipoprotein cholesterol (IDL-C),
LDL-C, real LDL-C (LDL-Cr), and TG (Figure 1) [16].
LDL-Cr was defined as cholesterol carried in the
biochemically defined LDL fraction, distinct from
the broader clinical LDL-C definition inclusive of
IDL-C and Lipoprotein (a). Laboratory samples
were obtained from participants fasting for at
least 8 h prior to collection.

Within VLDbL, cholesterol content of lipopro-
tein fractions was determined by the VAP method.
VAP uses single vertical spin density gradient UC
to separate lipoprotein fractions in less than 1 h.
Cholesterol content of eluted lipoprotein fractions
is measured using a validated colorimetric assay
employing a cholesterol oxidase reaction [17].
TG concentrations were directly measured with

NHANES 2011-2014 participants (n = 19,931)

VLDL patients with apoB values (n = 309,783)

Ineligible:
« Non-fasting (n = 13,830)
* Age < 18 years (n = 885)

Y

Y

Ineligible:
 Non-fasting (n = 180,250)
* Age < 18 years (n = 1,027)

Y

A

Eligible participants (n = 5,216)

Eligible participants (n = 128,506)

Excluded:
> * Incomplete lipid values
(n=290)

A

Excluded:
* Incomplete lipid values
(n=21)

Y

A

Study population (n = 4,926)

Included participants (n = 128,485)

Figure 1. Study population selection criteria

ApoB — apolipoprotein B, NHANES — National Health and Nutrition Examination Survey.
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the Abbott ARCHITECT C-8000 system (Abbott
Laboratories, Abbott Park, IL). Yearly quality as-
sessments with VAP and Abbott ARCHITECT-de-
rived values were described previously [16].

ApoB was directly measured through a WHO
standardized immunoassay based on immuno-
turbidimetry and the Abbott ARCHITECT analyzer
and reagent. Estimated LDL-C was calculated as
TC —HDL-C — TG/adjustable factor, whereby TG and
non-HDL-C are used to assign one of 174 partici-
pant-specific adjustable factors to estimate VLDL-C
in patients with TG < 400 mg/dl [18]. In VLDbL, hy-
pertension was defined as the presence of a diag-
nosis of hypertension on the laboratory order. Di-
abetes was defined as those with hemoglobin A,
> 6.5%, fasting glucose > 126 mg/d|, or those with
a diagnosis of diabetes on the laboratory order.

NHANES study data

We examined 19,931 participants from
NHANES, with a primary focus on individuals from
2011-2012 and 2013-2014 cycles [19]. NHANES is
a complex survey conducted by the National Cen-
ter for Health Statistics to provide a representative
sample of the civilian, non-institutionalized U.S.
population. The process of sample selection and
participation in NHANES was fully described previ-
ously [20]. Our analysis included 5,216 fasting par-
ticipants who were 18 years and older. We further
excluded 290 participants with missing apoB, total
cholesterol, TG, and LDL-C values (Figure 1).

Participants fasted for at least 8 h prior to
sample collection. NHANES study protocols were
approved by the institutional review board of the
National Center of Health Statistics, and written in-
formed consent was obtained from all participants.

UC Criterion #1 UC Criterion #2

Our group had previously demonstrated that lipid
distributions in the 2011-2012 NHANES survey
were almost identical to those of VLDbL [16].

Within NHANES, TC, HDL-C, and TG were mea-
sured spectrophotometrically using oxidation re-
agents. LDL-C and VLDL-C were calculated using
the Martin/Hopkins equation and apoB was mea-
sured through immunochemical reactions and
light spectroscopy [18, 21, 22]. The full process
of lipid measurement, data checking, and quality
inspection within NHANES is documented else-
where [18, 21, 22].

In NHANES, in-home interviews and question-
naires were used to gather demographic informa-
tion and prescription medication use in the prior
30 days [19, 20]. NHANES race categories included
non-Hispanic White, non-Hispanic Black, Mexican
American, and other. Lipid-lowering therapies
were defined by NHANES standards and included
statins, bile acid sequestrants, and cholesterol ab-
sorption inhibitors. Height and weight were used
to calculate body mass index (BMI), categorized as
underweight (BMI < 18.5 kg/m?), normal weight
(> 18.5 and < 25 kg/m?), overweight (> 25 and
< 30 kg/m?), and obese (> 30 kg/m?). Laborato-
ry blood draws assessed the presence of diabe-
tes through fasting blood glucose values and
hemoglobin A, . Diabetes was defined as fasting
a glucose > 126 mg/dl, hemoglobin A, > 6.5%, or
self-report of previous physician diagnosis.

Classification of dyslipidemia

We used UC-based criteria in the VLDbL data-
base to calculate prevalence of HLP3, utilizing TG,
TC, VLDL-C, and LDL-C. HLP3 was characterized by
meeting one of three criteria: criterion 1: TG 150-

UC Criterion #3 ApoB method

TG 150-1000 mg/dl TG 150-1000 mg/dl

LDL-Cr < 90 percentile ApoB < 120 mg/dl

Y Y

Y Y

VLDL-C/TG ratio > 0.3 VLDL-C/TG ratio > 0.25

TG 150-1000 mg/dl TG > 133 mg/dl

Y Y

TG/ApoB (each in mg/dl)

VLDL-C/TG ratio > 0.3 ratio < 8.8

Y
TC/ApoB (each in mg/dl)
ratio > 2.4

HLP3 phenotype

Figure 2. Dyslipidemia classification schemat

ApoB - apolipoprotein B, HLP3 — type Il familial hyperlipoproteinemias phenotype, LDL-Cr — real (biologic) low-density
lipoprotein-cholesterol, TG — triglycerides, VLDL-C — very low-density lipoprotein cholesterol.
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1000 mg/dl and VLDL-C/TG ratio > 0.3; criterion 2:
TG 150-1000 mg/dl and VLDL-C/TG ratio > 0.25;
criterion 3: real low-density lipoprotein-cholester-
ol (LDL-Cr) < 90t percentile, TG 150-1000 mg/dl|,
and VLDL-C/TG ratio > 0.3 (Figure 2) [18].

We then utilized the Sniderman algorithm, an
apoB based method derived from a cohort of 1,771
fasting individuals with genetically verified dyslip-
idemia [14, 15]. Via the apoB algorithm, HLP3 was
defined by the following criteria: apoB < 120 mg/
dl, TG > 133 mg/dl, TG/apoB < 8.8 (in mg/d! units),
and TC/apoB > 2.4 (in mg/dl units) (Figure 2) [23].
We applied this algorithm to VLDbL and NHANES
databases to estimate type Il prevalence.

Statistical analysis

For primary analysis involving participants from
VLDbL, prevalence of HLP3 was calculated and

12 4

Density [1 x 1073]

compared between UC and apoB methods. We
compared age, sex, and prevalence of co-morbid
hypertension and diabetes mellitus between HLP3
and other participants. Median values and inter-
quartile ranges (IQR) of the predominant lipopro-
tein for each phenotype were analyzed with each
method. Comparisons of characteristics by HLP3
status were performed by sample characteristics
via y? tests and Wilcoxon rank-sum tests.

Prior work showed that population lipoprotein
cholesterol subtype distributions are nearly iden-
tical in VLDbL and NHANES 2007-2008 databases
[16]. For the analysis involving participants from
NHANES 2011-2014, we first compared lipid distri-
butions in the VLDbL-apoB subset and participants
from 2011-2012 NHANES via nearly superimposed
kernel density plots as we had done in our previous
studies (Figure 3). We accounted for the complex
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Figure 3. Comparison of lipid and lipoprotein cholesterol distributions between the Very Large Database of Lipids

study and 2011-2012 National Health and Nutrition Examination Survey

Lipid distribution between apoB data (n = 128,485) and NHANES 2011-2012 data (n = 2,415). NHANES participants are depicted

by dotted lines; VLDbL patients are depicted by solid lines. ApoB — apolipoprotein B, NHANES — National Health and Nutrition

Examination Survey.
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sampling design in NHANES by using sampling
weights to generate nationally representative esti-
mates in all analyses. We used the Taylor linear-
ization series to calculate standard errors [19, 20].

We examined HLP3 prevalence in NHANES via
the apoB method and compared age, sex, race,
obesity, diabetes, and treatment of lipid-lowering
therapies between HLP3 and other participants.
We calculated medians and IQR for each lipid pa-
rameter overall and by phenotype. Comparisons
of characteristics of the study population by HLP3
status, as determined by the apoB method were
performed via y? tests and Wilcoxon rank-sum
tests.

Lastly, we evaluated participants from VLDbL
who were classified as HLP3 via the apoB method
and had concordant or discordant HLP3 diagnosis
via the original UC criteria [1]. We calculated me-
dians and IQR of lipids characteristics for concor-
dant and discordant participants and compared
them via Wilcoxon rank-sum tests.

All statistical analyses were conducted using
Stata statistical software version 14.2 (StataCorp,
College Station, TX). All statistical tests were
two-sided with significance at p < 0.05.

Results
Study populations

A total of 128,485 VLDbL samples were ana-
lyzed. Median age of participants was 57 years
(IQR: 46-68 years) with 45% men. Diabetes was
present in 20.1% and hypertension in 25.5% of
participants. Median TC, estimated LDL-C, LDL-Cr,
IDL-C, VLDL-C, VLDL3-C, RLP-C, apoB, and TG
among all VLDbL participants were 197 (IQR:
168-228), 117 (93-144), 95 (73-119), 13 (9-19),
22 (17-29), 13 (10-16), 26 (20-35), 92 (76-108),
and 110 (78-159) mg/dl, respectively.

A total of 4,926 NHANES participants from the
2011-2014 cycles were analyzed. Median age was
46 years (IQR: 32-60 years) and 48% were men. By
BMI category, 1.7% were underweight, 29.5% nor-
mal weight, 32.2% overweight, and 36.6% obese.
Roughly 1 in 3 (33.4%) were on lipid-lowering ther-
apy, with 31.4% on a statin, 1.7% on a cholesterol
absorption inhibitor, and 0.5% on a bile acid se-
questrant. Median TC, estimated LDL-C, VLDL-C,
apoB, and TG among all NHANES participants were
187 (IQR: 162-214), 111 (89-136), 20 (16-26), 87
(72-105), and 99 (68-147) mg/dl, respectively.

HLP3 phenotype prevalence by clinical
characteristic

Utilizing the UC criteria in VLDbL, HLP3 pheno-
type prevalence was 0.20% (n = 255) via criterion 1,
0.80% (n = 1,032) via criterion 2, and 0.18% via cri-
terion 3 (n = 232) (Table I). Utilizing the apoB meth-

od, HLP3 was found in 1.74% of VLDbL (n = 2,239)
and 1.97% of NHANES (n = 102) (Tables I, I1).

Across both cohorts, the majority of type llI
phenotypes occurred in the 40-75 year age range.
Age appeared equally distributed between HLP3
and other participants in NHANES, with an in-
creased proportion of participants 40-75 years old
noted among HLP3 as compared to other partic-
ipants in VLDbL across both diagnostic methods
(all p < 0.001). Female sex was more common in
HLP3 as compared to other participants in VLDbL
with the apoB method (p < 0.001) and UC criterion
2 (p = 0.004); the female to male ratio was larger
with the apoB method as compared to each of the
UC criteria. Prevalence of diabetes mellitus was
lower among VLDbL participants with apoB meth-
od diagnosis of HLP3 as compared to other partic-
ipants (p = 0.006), with no clear difference across
groups defined by the UC criteria. There was no
significant difference across VLDbL diagnostic
methods in terms of prevalence of hypertension
by HLP3 status, regardless of the definition. Using
NHANES data, there were no notable differences
by HLP3 status in terms of race, BMI category, and
frequency of lipid-lowering therapy.

Lipid characteristics by HLP3 status

In VLDbL, participants classified as HLP3 via
UC had higher TC, IDL-C, VLDL-C, and TG (all p <
0.001) in addition to lower HDL-C (p < 0.001) as
compared to other participants across criteria (Ta-
ble I). HLP3 diagnosed via UC criterion 1 had lower
LDL-C (p = 0.007), criterion 2 had higher LDL-C and
apoB (p < 0.001), and criterion 3 had lower LDL-C
and apoB (p < 0.001) as compared to other partic-
ipants. HLP3 diagnosed via the apoB method had
higher TC, HDL-C, VLDL-C, IDL-C, and TG (all p <
0.001) and lower apoB and LDL-C (all p < 0.001) as
compared to other participants (Table Il). As com-
pared with those without HLP3, those with HLP3
had median TG levels 83.6%, 78.0%, and 83.6%
vs. 47.7% higher for the UC criteria 1-3 vs. apoB
method.

In NHANES, participants classified as HLP3 via
the apoB method had higher HDL-C, VLDL-C, and
TG as compared to other participants, but lower
apoB and LDL-C (p < 0.039) (Table IIl). Median TG
in HLP3 participants was notably 74.5% higher
than other participants in NHANES.

Of individuals diagnosed by the apoB method
with HLP3 in NHANES, 77.7% were diagnosed via
a TG cut-point of > 150 mg/dl, whereas 22.3%
were diagnosed via an intermediate TG cut-point
of 133-149 mg/dl. This was compared to 64.9%
and 35.1%, respectively, within VLDbL Among
individuals within VLDbL who were classified as
HLP3 via the apoB method, we examined those
who were concordant and discordant by UC crite-
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Table I. Prevalence and characteristics of the Very Large Database of Lipids study population by HLP3 status (UC

criteria)
Parameter UC Criterion #1 UC Criterion #2 UC Criterion #3
HLP3 No HLP3  P-value HLP3 No HLP3  P-value HLP3 No HLP3  P-value
n =255 n= n=1,032 n= n =232 n=
(0.20%) 128,230 (0.80%) 127,453 (0.18%) 128,253
(99.8%) (99.2%) (99.8%)
Age, % (n): < 0.001 < 0.001 < 0.001
18-39 6.7 15.3 8.7 15.3 6.5 15.3
(17) (19,592) (90) (19,519) (15) (19,594)
40-75 87.4 73.6 81.2 73.6 88.4 73.6
(223) (94,166) (837) (93,552) (205) (94,184)
>75 5.9 11.1 10.1 11.1 5.2 11.1
(15) (14,178) (104) (14,089) (12) (14,181)
Sex, % (n): 0.397 0.004 0.652
Male 42.1 44.8 49.2 44.7 43.3 44.8
(107) (57,105) (503) (56,709) (100) (57,112)
Female 57.9 55.2 50.8 55.3 56.7 55.2
(147) (70,445) (519) (70,073) (131) (70,461)
Presence of 23.1 20.1 0.234 21.5 20.1 0.273 22.8 20.1 0.306
diabetes, (59) (25,830) (222) (25,667) (53) (25,836)
% (n)
Presence of 25.9 25.6 0.902 24.5 25.6 0.446 26.3 25.5 0.794
hyperten- (66) (32,757) (253) (32,570) (61) (32,762)
sion, % (n)
Total 248 197 < 0.001 249 197 < 0.001 240 197 < 0.001
cholesterol, (202-290) (168-228) (209-286) (168-228) (199-277) (168-228)
median
(IQR)
ApoB, 84 92 0.078 115 91 < 0.001 82 92 < 0.001
median (69-118) (76-108) (87-138) (76-108) (68-104) (76-108)
(IQR)
HDL-C, 48 52 < 0.001 46 52 < 0.001 48 52 < 0.001
median (41-57)  (43-64) (40-53)  (43-64) (41-57)  (43-64)
(IQR)
VLDL-C, 71 22 < 0.001 56 22 < 0.001 73 22 < 0.001
median (58-99) (17-29) (46-72) (17-29) (59-103) (17-29)
(IQR)
VLDL3-C, 41 13 < 0.001 31 13 < 0.001 41 13 < 0.001
median (34-53) (10-16) (26-39) (10-16) (35-54) (10-16)
(IQR)
RLP-C, 88 26 < 0.001 67 26 < 0.001 88 26 < 0.001
median (73-107)  (20-35) (57-82) (20-34) (72-108)  (20-35)
(IQR)
IDL-C, 45 13 < 0.001 35 13 < 0.001 45 13 < 0.001
median (37-55) (9-19) (29-44) (9-19) (36-54) (9-19)
(IQR)
LDL-C, 105 117 0.007 138 116 < 0.001 101 117 < 0.001
median (80-145) (92-144) (99-174) (92-143) (77-137) (92-144)
(IQR)
LDL-Cr, 48 95 < 0.001 97 95 0.300 45 95 < 0.001
median (34-92) (73-119) (54-132) (73-119) (32-72) (73-119)
(IQR)
TG, median 202 110 < 0.001 194 109 < 0.001 202 110 < 0.001
(IQR) (171-266) (78-158) (167-245) (78-157) (171-271) (78-158)

ApoB — apolipoprotein B, HDL-C — high density lipoprotein cholesterol, IDL-C — intermediate density lipoprotein cholesterol,
IQR — interquartile range, LDL-C — low-density lipoprotein cholesterol, LDL-Cr — real low-density cholesterol, TG — triglycerides, RLP-C—rem-
nant lipoprotein cholesterol, VLDL-C — very low-density lipoprotein cholesterol, VLDL3-C — very-low density cholesterol subfraction 3.
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Table II. Prevalence and characteristics of the Very Large Database of Lipids study population by HLP3 status (apoB

method)

Parameter HLP3 No HLP3 P-value
n=2,239 n=126,246
(1.74%) (98.26%)

Age, % (n): < 0.001

18-39 11.7 (262) 15.4 (19,347)

40-75 76.2 (1,700) 73.6 (92,689)

>75 12.1 (270) 11.0 (13,923)
Sex, % (n): < 0.001

Male 27.9 (622) 45.1 (56,590)

Female 72.1 (1,606) 54.9 (68,986)
Presence of diabetes, % (n) 17.8 (399) 20.2 (25,490) 0.006
Presence of hypertension, % (n) 25.3 (567) 25.6 (32,256) 0.808
Total cholesterol, median (IQR) 206 (177-239) 197 (168-228) < 0.001
ApoB, median (IQR) 79 (66-93) 92 (77-109) < 0.001
HDL-C, median (IQR) 67 (56-78) 52 (42-64) < 0.001
VLDL-C, median (IQR) 30 (26-40) 22 (17-29) < 0.001
VLDL3-C, median (IQR) 16 (14-22) 13 (10-16) < 0.001
RLP-C, median (IQR) 34 (27-46) 26 (20-34) < 0.001
IDL-C, median (IQR) 17 (13-25) 13 (9-19) < 0.001
Estimated LDL-C, median (IQR) 107 (85-134) 117 (94-144) < 0.001
LDL-Cr, median (IQR) 73 (48-99) 95 (73-119) <0.001
TG, median (IQR) 161 (144-196) 109 (78-157) < 0.001

ApoB — apolipoprotein B, estimated LDL-C — low-density lipoprotein cholesterol via Martin/Hopkins equation estimation, HDL-C — high-

density lipoprotein cholesterol, HLP3 — type Il familial hyperlipoproteinemias,

IQR - interquartile range, LDL-Cr — real low-density

cholesterol, RLP-C — remnant lipoprotein cholesterol, TG — triglyceride, VLDL-C — very-low density lipoprotein cholesterol, VLDL3-C — very-

low density cholesterol subfraction 3.

ria 1 (Table 1V). Participants who were both apoB
and UC criteria HLP3 positive had higher remnant
particles as well as more elevated TG/apoB and
total cholesterol/apoB ratios (all p < 0.001) than
those who were apoB method positive and UC cri-
teria 1 negative.

Discussion
HLP3 prevalence

In these large, representative US. adult co-
horts, we found that the HLP3 phenotype is much
more prevalent than historically credited when
using the apoB method. With the apoB method
we found a prevalence of approximately 2% in
NHANES and 1.8% in VLDbL as compared to prior
smaller studies suggesting 0.1-0.4% using elec-
trophoresis and UC [8-10]. Utilizing Vertical Auto
Profile in VLDbL, UC-defined HLP3 prevalences of
0.2-0.8% appear more consistent with prior prev-
alence estimates.

There did not appear to be a significant asso-
ciation with HLP3 prevalence in either cohort in
terms of race or BMI, however female sex was
represented in greater proportion in HLP3 samples
in VLDbL via the apoB method. Age group 40-75
years old was represented in greater proportion
in HLP3 samples in VLDbL, possibly due to a com-
bination of environmental risk factors such as
obesity and diabetes being more prevalent later
in life as well as reduced lifespan due to athero-
genic remnants. Greater than 2/3 of the NHANES
population was obese or overweight and 1/8 had
diabetes mellitus; furthermore, HLP3 participants
had higher TG as compared to the general study
population across all diagnostic methods. It is
likely that genetic, hormonal, and environmental
factors such as high fat diet and current obesity
and diabetes epidemics are contributing to its
increased phenotypic expression in the United
States [3, 4, 24].
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Table IIl. Prevalence and characteristics of the NHANES 2011-2014 study population by HLP3 status (apoB method)

Parameter HLP3 No HLP3 P-value
n =102 n = 4,824
(1.97%) (98.03%)
Age, % (n): 0.539
18-39 31.3 (35) 38.6 (1,806)
40-75 60.2 (59) 55.1 (2,626)
>75 8.5 (8) 6.3 (392)
Sex, % (n): 0.745
Male 46.4 (49) 48.4 (2,353)
Female 53.6 (53) 51.6 (2,471)
Race, % (n): 0.121
Non-Hispanic white 62.4 (44) 66.2 (1,975)
Non-Hispanic black 12.9 (22) 11.5(1,017)
Mexican American 4.3 (4) 8.6 (601)
Others 20.4 (32) 13.6 (1,231)
BMI category, % (n): 0.920
Underweight 1.9 (3) 1.7 (95)
Normal 29.9 (38) 29.5 (1,452)
Overweight 29.8 (28) 32.3(1,508)
Obese 38.4 (33) 36.5 (1,769)
Presence of diabetes, % (n) 17.1(17) 12.7 (798) 0.284
Lipid-lowering therapy, % (n) 31.0 (16) 33.4 (969) 0.759
Statin use, % (n): 31.0 (16) 31.4 (902) 0.965
Cholesterol absorption inhibitors 0.6 (1) 1.7 (42) 0.312
Bile acid sequestrants 0.0 (0) 0.5 (11) 0.647
Total cholesterol, median (IQR) 189 (162-218) 187 (162-214) 0.185
ApoB, median (IQR) 69 (63-81) 88 (72-105) < 0.001
HDL-C, median (IQR) 56 (44-63) 51 (43-62) 0.039
VLDL-C, median (IQR) 28 (25-36) 20 (16-26) < 0.001
Estimated LDL-C, median (IQR) 103 (80-121) 112 (89-136) 0.015
TG, median (IQR) 171 (150-239) 98 (68-144) < 0.001

ApoB - apolipoprotein B, estimated LDL-C — low-density lipoprotein cholesterol via Martin/Hopkins equation estimation, HDL-C — high-
density lipoprotein cholesterol, HLP3 — type Il familial hyperlipoproteinemias, IQR — interquartile range, LDL-Cr — real low-density
cholesterol, NHANES — National Health and Nutrition Examination Survey, RLP-C — remnant lipoprotein cholesterol, TG - triglyceride,

VLDL-C — very-low density lipoprotein cholesterol.

Comparison of UC and ApoB methods

We compared three variations of the UC crite-
ria, the first and second of which were credited
by Fredrickson et al. in 1975 as being diagnostic
of HLP3 and possible HLP3 [1]. The third is a vari-
ation on criteria 1 proposed by our group that
additionally excludes LDL-Cr greater than the 90®
percentile. Of the UC criteria, criterion 2 appears

to encompass the highest proportion of partici-
pants in our study, with a relatively higher apoB
and LDL-C in addition to lower VLDL-C and TG. We
observed a 3-10 fold increased prevalence with
the apoB method as compared to all UC criteria;
as such, it seems that there is increased sensitiv-
ity with the apoB algorithm as compared to even
the most liberal of the UC criteria.
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Table IV. Lipid characteristics among the very large database of lipids study patients with apoB method diagnosed
HLP3 and concordant/discordant UC Criteria (ApoB method type Ill phenotype, n = 2,239)

Lipid characteristics [mg/dl] UC Concordant UC Discordant P-value, UC Concordant
Median (IQR) (n = 181) (n =2,058) vs. Discordant
Total cholesterol 223 (192-259) 205 (176-238) < 0.001
ApoB 76 (64-88) 79 (66-93) 0.026
HDL-C 48 (41-58) 68 (58-79) < 0.001
VLDL-C 76 (62-104) 29 (25-36) < 0.001
IDL-C 45 (35-54) 17 (12-23) < 0.001
LDL-C 91 (73-110) 102 (77-129) < 0.001
Estimated LDL-C 133 (109-160) 105 (83-132) < 0.001

TG 202 (170-263) 158 (143-189) < 0.001
VLDL3-C 43 (35-55) 16 (14-19) < 0.001
RLP-C 88 (73-108) 33 (26-42) < 0.001
TG/apoB 2.9 (2.4-3.5) 2.1(1.7-2.7) < 0.001
TC/apoB 2.9 (2.7-3.3) 2.5(2.5-2.7) < 0.001

ApoB — apolipoprotein B, HDL-C — high-density lipoprotein cholesterol, HLP3 — type Ill familial hyperlipoproteinemias, IDL-C — intermediate
density lipoprotein cholesterol, LDL-C — low-density lipoprotein cholesterol, RLP-C — remnant lipoprotein cholesterol, TG — triglyceride,
VLDL-C — very-low density lipoprotein cholesterol, VLDL3-C — very-low density cholesterol subfraction 3.

Prior work from Sniderman et al. identified
that the apoB method increases sensitivity com-
pared to UC at the expense of broadening iden-
tification to potentially less severe clinical phe-
notypes or detecting modulation of lipoprotein
production or metabolism by additional genes;
they argued that marked variance in plasma
cholesterol and TGs among patients with HLP3
would be better captured via the apoB meth-
od [11]. The apoB algorithm achieves increased
sensitivity via more lenient percentile equiva-
lents than UC, as an apoB of 120 mg/dl roughly
corresponds to the 80" percentile and TG of 133
mg/dl to the 50" percentile in men 50-60 years
old [24, 25]. A considerable additional number
of participants were detected in VLDbL and
NHANES above a TG cutoff of > 150 mg/dl| as
compared to 133-149 mg/dl.

HLP3 prevalence estimates varied substantial-
ly across UC criteria and between UC and apoB
methods. Among various UC critreria, relative-
ly minor changes in VLDL-C/TG ratio cut-points
appear to have a noticable effect on prevalence
estimates, such as in this case where decreasing
the threshold from 0.3 to 0.25 in UC criteria 2 in-
creases prevalence by four-fold; UC criteria 2 ac-
cordingly generated the mildest clinical UC pheno-
type given its relatively higher average apoB, LDL,
LDL-Cr and lower VLDL, VLDL3, RLP and IDL when
compared to UC criteria 1 and 2.

Along these lines, lipid analysis demonstrated
that apoB method diagnosed HLP3 patients tend
to have milder phenotypes than those diagnosed

via UC criteria, as evidenced by larger differences
in remnant particle cholesterol concentrations be-
tween HLP3 and non-HLP3 as compared to those
identified with the apoB method. Participants
with apoB and UC criteria concordance had higher
IDL-C, VLDL-C, VLDL3-C, and RLP-C as well as more
elevated TG/apoB and TC/apoB ratios as com-
pared to those only identified via the apoB meth-
od, further supporting that the UC method cap-
tures more severe HLP3 phenotypes. The presence
of elevated HDL-C in HLP3 patients compared to
non-HLP3 patients in the apoB method raises
concern for a higher number of false positives, as
HDL-C should not be proportionally elevated in
HLP3 compared to other dyslipidemia conditions
associated with elevated TG.

Implications of ApoB method on HLP3
detection and treatment

Statin prescription appears to be similar in
NHANES HLP3 participants, NHANES non-HLP3
participants, as well as the general U.S. adult pop-
ulation [26], suggesting that HLP3 patients are be-
ing treated similarly to normal dyslipidemic phe-
notypes in the general population. High TG levels
in HLP3 are known to respond to a combination of
dietary intervention and aggressive medical ther-
apy with statins, fibrates, omega-3 derivatives,
and niacin [14, 27, 28]. More potent, novel agents
are in development that directly target apolipo-
protein ClIl and angiopoietin-like 3 and 4 to pref-
erentially decrease TG-rich lipoproteins [29-31].
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Dyslipidemia phenotyping may consequently aid
in patient selection for more rapid initiation of
conventional lipid therapies, quicker addition of
combination therapy, and selective use of emerg-
ing dyslipidemia therapies to reduce lifetime cu-
mulative exposure to atherogenic lipoproteins.

As medicine moves toward a precision ap-
proach, tailoring individual therapies toward spe-
cific dyslipidemia phenotypes could allow for per-
sonalized therapy. UC, the current gold standard
to diagnose dysbetalipoproteinemia, is not read-
ily available nor practical in clinical practice. The
apoB algorithm is quicker, less costly, and utilizes
components which are standardized by the Cen-
ters for Disease Control and Prevention and World
Health Organization. Implementing apoB testing
on a population level may lead to increased iden-
tification of previously “subclinical” dysbetalipo-
proteinemia phenotypes which may confer high
atherogenic risk. These methods may additionally
be used as screening tools to evaluate for clinical
HLP3 in affected individuals and family members,
prompting referral to a lipidologist for genetic
analysis and treatement.

Study limitations

Our study was subject to several limitations.
In the NHANES lipid protocol, chylomicrons were
not directly isolated and were presumed to be
reflected in the VLDL-C fraction. We were unable
to account for secondary etiologies of dyslip-
idemia such as medication adverse effects or
systemic conditions, nor test genetics or fami-
ly histories, limiting our assessment of primary
versus secondary causes of dyslipidemia. VLDbL
utilized VAP UC instead of traditional beta quan-
tification UC, the original method used to char-
acterize HLP3 [1]. Given that VAP is validated
against traditional UC [32, 33], it is unlikely that
its use significantly changed the results; it would
be reasonable, however, to repeat analyses with
both VAP and beta quantification UC to assess
if results differ significantly. Finally, we restrict-
ed our study to analyze several variations on
previously defined UC criteria and the original
Sniderman apoB algorithm. Attempts have been
made to improve upon the apoB method, such
as the Boot et al. non-HDL/apoB substitution for
TC/apoB criterion [34]. Further work should be
done to define the optimal diagnostic algorithm
for HLP3 identification.

In conclusion, HLP3 may be more prevalent
than historically and clinically appreciated. Al-
though the Sniderman apoB algorithm appears to
increase rate of diagnosis via its higher sensitiv-
ity, it does so at the expense of capturing cases
with less severe lipid phenotypes. Since the apoB
method can be automated and scaled, its use

could open the door towards a precision medicine
approach to dyslipidemia management that takes
HLP3 into account. Further work should evaluate
the clinical implications of HLP3 classification at
various lipid algorithm cut-points to evaluate the
ideal diagnostic standard in the modern era.
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