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Abstract

Introduction: The association between triglycerides (TG) and cardiovascular
diseases is complex. The classification of hypertriglyceridemic (HTG) pheno-
types proposed by Fredrickson, Levy and Lees (FLL) helps inform treatment
strategies. We aimed to describe levels of several lipoprotein variables from
individuals with HTG FLL phenotypes from the Very Large Database of Lipids.
Material and methods: We included fasting samples from 979,539 individ-
uals from a contemporary large study population of US adults. Lipids were
directly measured by density-gradient ultracentrifugation using the Verti-
cal Auto Profile test while TG levels were measured in whole plasma using
the Abbott ARCHITECT C-8000 system. Hyperchylomicronemic (Hyper-CM)
and non-chylomicronemic (non-CM) phenotypes were defined using com-
putationally derived models. Individuals with FLL type Ila phenotype were
excluded. Distributions of lipid variables were compared using medians and
Kruskal-Wallis test.

Results: A total of 11.9% (n = 116,925) of individuals met criteria for HTG
FLL phenotypes. Those with hyper-CM phenotypes (n = 5, < 0.1% of popu-
lation) had two-fold higher TG levels compared with non-chylomicronemic
(non-CM) individuals (11.9% of population) (p < 0.001). Type IIb individuals
had the highest non-HDL-C levels (median 242 mg/dl). Cholesterol in large
VLDL,,, particles was higher than in small VLDL, particles in all phenotypes
except FLL type Ill. Hyper-CM phenotypes had significantly lower HDL-C lev-
els but greater HDL,/HDL,-C ratio compared to non-CM phenotypes. Cho-
lesterol content of the lipoprotein (a) peak was significantly higher in the
hyper-CM groups compared to non-CM phenotypes (p < 0.0001).
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Conclusions: This observational hypothesis-generating study provides insight
into the complexity of lipid metabolism in HTG phenotypes, including less
traditional lipid measures such as LDL density, HDL subclasses and Lp(a)-C.
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phenotypes.

Introduction

The pathophysiologic role of triglycerides (TG)
in the development of cardiovascular disease
(CVD) is complex [1, 2]. TG-related CVD risk is like-
ly driven by atherogenic properties of multiple TG-
rich lipoproteins (TRLs) including large and small
very low-density lipoproteins (VLDL), intermedi-
ate-density lipoproteins (IDL) and possibly chylo-
microns (CM) and CM remnants [1].

Fredrickson, Levy and Lees (FLL) defined five
primary lipoprotein phenotypes (type | to V) based
on dyslipoproteinemias and characterized by the
presence of hypercholesterolemia and/or hyper-
triglyceridemia [3, 4], and this classification sys-
tem was formally adopted by the World Health
Organization (WHO) in 1970 [5]. Since each FLL
phenotype has elevations of one or more distinct
lipoprotein classes (or subclasses), this classifica-
tion may better inform treatment strategies based
on the dyslipoproteinemia [3, 6, 7].

Significant clinical heterogeneity exists among
hypertriglyceridemic (HTG) phenotypes. For in-
stance, the presence of elevated chylomicrons
(type | and V) confers remarkably distinct clinical
manifestations, prognosis and management with
more prominent risk of acute pancreatitis rather
than CVD [8, 9]. Patients with other HTG pheno-
types, such as type Ilb [10] and llI [11] are at mark-
edly increase risk to develop premature coronary
artery disease and early myocardial infarction.
Emerging therapies, such as apolipoprotein C-Ill in-
hibition through antisense oligonucleotide [12] or
monoclonal antibodies [13], may have unique and
differing impact on the distinct FLL phenotypes.

To our knowledge, no large-scale population-
based studies exist with detailed characterization
of the lipid profile in individuals with hypertri-
glyceridemic FLL phenotypes. The aim of this study
is to gain insight into the complex pathophysiology
of hypertriglyceridemic FLL phenotypes by charac-
terizing them in the Very Large Database of Lipids,
which is an ongoing contemporary big-data proj-
ect with lipoprotein data from more than 5 million
unique patients from US-based clinics.

Material and methods
Study population

This is a cross-sectional analysis of lipid pro-
file data from 979,539 unique US adults from

the Very Large Database of Lipids with fasting
samples. The methods for the creation of this
database have been described [14]. In summary,
the database was constructed using de-identi-
fied data from the clinical operations of a single
laboratory (VAP Diagnostics Lab, Birmingham,
AL). The samples originated predominantly from
primary care clinics throughout the US between
2009 and 2015.

Lipid measurements

Lipid profiles were measured with direct ultra-
centrifugation by the Vertical Auto Profile (VAP)
test. The VAP test is a density gradient ultracen-
trifugation technique, validated in comparison to
the beta quantification method [15], both of which
separate lipoproteins according to their hydrated
densities. The VAP directly measures cholesterol
concentrations of all lipoprotein classes sequen-
tially across the density spectrum (during gentle
evacuation from the centrifuge tube). The result-
ing cholesterol peaks are defined as high-densi-
ty lipoprotein cholesterol (HDL-C), lipoprotein (a)
cholesterol (Lp(a)-C), “real” low-density lipopro-
tein cholesterol (LDL-C), intermediate-density lipo-
protein cholesterol (IDL-C) and very low-density
lipoprotein cholesterol (VLDL-C). Note that the to-
tal LDL-C level reported in this study is the sum of
real LDL-C + Lp(a)-C + IDL-C, equivalent to non-
HDL-C minus VLDL-C, consistent with the Friede-
wald equation of LDL-C. The standard lipid profile
in clinical practice often presents an estimated
version of this LDL-C value based on the Friede-
wald equation when TG < 400 mg/dl. Cholesterol
concentrations in lipoprotein subclasses (HDL,-C,
HDL,-C, LDL-C, LDL,-C, LDL-C, LDL,-C, VLDL -C,
VLDL,-C, and VLDLg—C) were also measured by VAP
[15]. TG were directly measured in whole plasma
using the Abbott ARCHITECT C-8000 system (Ab-
bott Park, IL) [14].

Non-HDL-C was calculated as total cholesterol
(TC) minus HDL-C. Remnant lipoprotein particle cho-
lesterol (RLP-C) was defined as the sum of the dens-
est VLDL-C subfraction (VLDL,-C) and IDL-C[16].

Further, to better characterize TG-related lipo-
protein parameters we calculated several ratios
of lipid factors: TG/TC, VLDL-C/TG, HDL,-C/HDL,-C
and TG/HDL-C. We calculated average LDL parti-
cle density as the LDL Density Ratio (LLDR) by the
following formula: LLDR = In([LDL,-C + LDL,-C}/
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[LDL,-C + LDL,-C]), previously shown by us to cor-
relate very strongly with ultracentrifugally-deter-
mined modal LDL density (R? = 0.80) [14].

Definition of FLL phenotypes

The definitions for FLL phenotype categoriza-
tion and distributions in the study are shown in
Table I. First, we categorized individuals by the
presence or absence of hyperchylomicronemia
(hyper-CM), defined as a total plasma TG/plasma
TC > 10 or < 10 respectively [1]. We further strat-
ified patients with hyper-CM into two categories:
excess of chylomicrons only (FLL type 1), and ex-
cess of both chylomicrons and VLDL (defined as
VLDL-C above the 90" percentile for the general
study population) (FLL type V).

Among patients without chylomicronemia
(non-CM), we sub-classified individuals as 1) type
[Ib, based on the presence of both VLDL-C ex-
cess (> 90" percentile) and LDL-C excess (> 90*
percentile) [17]; 2) type I, based on VLDL-C/TG
> 0.3 and TG > 130 without LDL-C excess (< 90t
percentile) [18]; and 3) type IV based on VLDL-C
excess (> 90" percentile) without LDL-C excess
(< 90 percentile) [17]. Individuals who met crite-
ria for type Ila (LDL-C > 90* percentile and VLDL-C
< 90t percentile and VLDL-C/TG < 0.3) were not
included as regular subjects in this study, because
they do not have HTG. Finally, the vast majority
of individuals in the database population did not
meet criteria for any FLL phenotype, and were
classified into the “continuum” group.

Statistical analysis

Within each FLL phenotype and the continuum
group, we examined TG levels and lipid parame-
ters obtained from the VAP test. Distributions of
lipid parameters are shown using medians, 25"
and 75% percentile, and were compared using the
Kruskal-Wallis test with a p-value < 0.001 arbi-
trarily required to be considered significant given
our sample size.

Results

For the present study, lipid data from the first
accessioned blood sample in the VLDL database
from a subset of 979,539 unique individuals re-
ported to be in the fasting state were included.
A total of 768,161 (79.1%) individuals did not
meet criteria for any FLL phenotype were clas-
sified in the continuum group, whereas 94,453
(9.7%) met criteria for type Ila hyperlipidemia, and
116,925 (11.9%) had one of several possible HTG
phenotypes.

The frequency of HTG FLL phenotypes was as
follows: 5 type |, 20,144 type Ilb, 2,151 type IlI,
85,540 type IV and 246 type V, as shown in Table I.

Table I. The Very Large Database of Lipids: FLL phenotypes and continuum group

Male (%)

Age, median

Diagnostic criteria N (%)

Main features

Classical

(25™-75t)

dyslipidemia

5 (100)
39,437 (42.0)

50.01 (35.0-52.8)
55.21 (46.6-63.8)
54.99 (46.4-63.7)

5 (< 0.00004)
94,453 (9.7)
20,144 (2.1)

TG/TC ratio > 10 and VLDL-C < 90% percentile
LDL-C > 90' percentile, V2LDL-C < 90" percentile, and VLDL-C/TG < 0.3

Chylomicron excess

Type |

LDL-C excess
LDL-C and VLDL-C

Type lla

9,583 (47.8)

LDL-C, VLDL-C > 90t percentile, and VLDL-C/TG < 0.3

Type Ilb

excess

1,073 (50.1)

57.45 (49.2-66.3)

2,151 (0.2)

VLDL-C/TG > 0.3, TG » 130, and LDL-C < 90™ percentile

Remnant lipoprotein
cholesterol excess

Type Ill

51,195 (60.1)

55.09 (46.0-65.04)

85,540 (8.8)
246 (0.03)

VLDL-C > 90" percentile, LDL-C < 90'" percentile, and VLDL-C/TG < 0.3

VLDL-C excess
Chylomicron and VLDL-C

Type IV

200 (81.3)

47.86 (40.2-54.6)

TG/TC ratio > 10 and VLDL-C > 90t percentile

Type V

excess

353,310 (46.2)

57.44 (46.6-67.7)

768,161 (79.1)

N/A

N/A
N/A — not applicable. *Continuum: individuals who did not meet criteria for any FLL phenotype.

Continuum*
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Triglyceride-rich lipoproteins: TG, RLP-C and
VLDL subclasses

The hyper-CM groups had extremely high TG
levels (> 1000 mg/dl), as shown in Table . Type V
individuals had the highest TG levels among FLL
phenotypes; of note, more than 3/4 of type V indi-
viduals had TG levels above 2000 mg/dl (median:
3286.5; 2203-4823). Individuals categorized as
type I had lower TG levels with a median of 1858
mg/dl (1026-2439 mg/dl; p < 0.001).

In contrast, TG levels in approximately 90% of
non-CM individuals were less than 500 mg/dl. In-
dividuals in the type IV phenotype had the highest
average TG levels among the three non-CM phe-
notypes, while type Ill individuals had the lowest
overall TG levels (Table I1).

As specified by our definition, individuals
with the type | phenotype had significantly low-
er VLDL-C levels than with type V; 29 mg/dl (28—
34) vs. 140.5 mg/dl (100-211), respectively (p <
0.001). The proportion of cholesterol content in
large VLDL particles (VLDL, ,-C) relative to small
VLDL particle (VLDL,-C) was increased in all FLL
phenotypes, except type lll, in comparison to the
continuum group. In addition, this proportion of
VLDL cholesterol in larger particles was signifi-
cantly higher in type V individuals than all other
HTG phenotypes.

With the exception of type |, all individuals
with a HTG FLL phenotype had higher RLP-C levels
than the continuum group. RLP-C levels (IDL-C +

the Very Large Database of Lipids Studies 6 and 7

VLDL,-C) in type Ill patients were 1.5-times higher
than that of the other HTG groups.

Cholesterol lipoproteins: TC, HDL-C and
LDL-C

Type lIb had higher TC levels compared to the
other HTG FLL phenotypes and continuum group.
Both total and “real” LDL-C levels were significant-
ly lower in hyper-CM (FLL types | and V) compared
to non-CM HTG and continuum groups (Table II).
However, Lp(a)-C was higher in hyper-CM groups
compared to non-CM phenotypes and continuum
group.

Levels of LDL-C subclasses among HTG FLL
phenotypes are shown in Table II. Finally, type
IIb individuals had the highest non-HDL-C levels
(median 242 mg/dl). Hyper-CM phenotypes had
significantly lower HDL-C levels compared to non-
CM phenotypes. The former also had significantly
elevated HDL,/HDL,-C ratio compared to the latter
(0.44-0.50 vs. 0.27-0.33, p < 0.001). Levels of tri-
glycerides and cholesterol-based parameters are
summarized in Figure 1 for both hyper-CM and
non-CM phenotypes.

Discussion

The present study includes comprehensive di-
rectly measured lipoprotein data on individuals
with HTG FLL phenotypes from the Very Large Da-
tabase of Lipids, the largest lipid study to date. In
our study population, we estimated the frequency
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Figure 1. Levels of triglycerides and cholesterol measures in hyper-chylomicronemic and non-chylomicronemic

phenotypes in the Very Large Database of Lipids study
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of HTG FLL phenotypes, under-recognized entities
and often labeled as rare disorders, in a contempo-
rary cross-sectional population. Whereas hyper-CM
phenotypes are truly rare diseases, non-CM HTG
phenotypes, which carry significant risk of prema-
ture CVD through pathways other than LDL-C [1],
were seen in ~10% of our study population.

Hyperchylomicronemic phenotypes

Our findings provide insight into lipid metabo-
lism in the two hyper-CM phenotypes. As expect-
ed, individuals in the hyper-CM phenotypes had
extremely high TG levels (over 1000 mg/dl), at
which the risk of acute pancreatitis is strikingly
elevated compared to the general population [19].

We observed that individuals with the type V
phenotype had TG levels almost two times higher
than type | perhaps due to elevation of both chylo-
microns and VLDL particles, both of which carry TG.

Hypertriglyceridemia stimulates the activity
of cholesteryl ester transfer protein (CETP), en-
hancing the equimolar neutral lipid exchange of
triglycerides from TRL to HDL and LDL while CE is
transferred in the opposite direction. This loading
of HDL and LDL particles with TG renders these
particles better substrates for lipolysis by hepatic
lipase, which promotes catabolism and renal elim-
ination of HDL and production of smaller, denser
and more numerous LDL particles. As HDL-C levels
decrease, TG/HDL-C ratio increases [20]. HDL-C
levels are significantly lower in the hyper-CM phe-
notypes compared to the non-CM phenotypes.
This could be explained by the higher relative
TG concentration gradient from chylomicrons to
HDL particles, compared to VLDL or RLP to HDL
particles [17]. Among the hyper-CM phenotypes in
which we found higher TG levels among type V
individuals, there was a ~2 fold higher TG/HDL-C
ratio among type V individuals compared with
type I. Additionally, levels of HDL-C were similar
between both hyper-CM groups, but HDL,-C lev-
els were significantly greater in type I. Overall, we
found that the HDL,/HDL,-Cratio in both hyper-CM
phenotypes was greater than all other individuals
in the database. Endogenous HTG, more often
driven by VLDL overproduction like in patients
with diabetes mellitus, is known for provoking
a shift toward smaller sizes of HDL, such as pre-
betal-HDL and HDL,, [21]. As such, our findings
could be the result of different pathophysiological
mechanisms in hyper-CM phenotypes that are not
seen in hypertriglyceridemia secondary to clinical
conditions such as diabetes mellitus. Similarly, it
could also be a manifestation of chylomicron par-
ticles being a less important source of triglyceride
in the CETP pathway.

Levels of RLP-C in individuals with type V were
almost two-fold higher than those with type | phe-

notype, likely reflecting the excess of VLDL par-
ticles since RLP-C contains VLDL,-C as one of its
components [16]. Another consequence of such
VLDL excess is reflected in the greater levels of
TC, non-HDL-C and LDL-C observed in type V as
compared to type |, the result of the metabolism
of VLDL particles [22]. Similarly, levels of IDL-C (the
other component of RLP-C) were also ~2 times
higher in type V compared to type | phenotype.
Finally, VLDL-C and VLDL, -C in type V dyslipid-
emia were almost 4 fold higher than other HTG
phenotypes.

Surprisingly, logarithmic LDL density ratio
(LLDR) was greater in type | (~ two-fold) compared
to type V, despite the higher TG levels found in
type V. This unexpected finding may be due to
a greater presence of buoyant LDL which would
naturally result from increased VLDL in type V, ab-
sent in type I. However, it should be noted that
only 5 individuals were classified as type I, thus
these results should be interpreted cautiously. In-
terestingly, Lp(a)-C was found to be higher among
both hyper-CM compared to non-CM phenotypes,
despite previous studies reporting a negative cor-
relation between TG and Lp(a)-C levels. More stud-
ies are needed to confirm and further elucidate
our novel finding of increased Lp(a) levels in pa-
tients with fasting chylomicronemia [23-25].

Non-chylomicronemic phenotypes

Among the non-CM phenotypes, individuals
with type IV phenotype had the highest TG and
the lowest HDL-C levels. Those with type IV phe-
notype had a lower HDL,/HDL,-C ratio compared
to the type Ill and continuum groups, likely as
a result of a given level of CETP activity leading
to smaller denser HDL (HDL,) in the setting of the
higher TG levels in type IV [26]. Individuals with
the type Ill phenotype were noted to have a high-
er HDL,/HDL,-C ratio, which appears to be related
to higher HDL,-C levels, and may indirectly reflect
lower TG levels and lesser CETP activity. However,
it is important to consider that individuals with
other entities, such as hepatic lipase deficiency,
can develop type llI-like lipoprotein profile [27].

The type Il (familial dysbetalipoproteinemia)
FLL phenotype, also known as familial dysbeta-
lipoproteinemia, is characterized by increased
RLP-C and cholesterol enriched VLDL particles. This
is believed to result from overproduction of VLDL
combined with apolipoprotein-E (Apo E) structural
variation reducing the clearance of RLP-C via the
LDL receptor related protein [28]. Type Il individ-
uals had the highest levels of total VLDL-C among
non-CM phenotypes, associated with significantly
higher levels of remnant VLDL-C (VLDL,-C), since
VLDL,,-C levels were relatively similar among the
three non-CM phenotypes. This is expected from
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the definition of type Ill, an elevated VLDL-C/TG
ratio. Also, as expected, IDL-C levels were highest
in type lll patients, an elevation that was even
slightly more striking than for VLDL,-C.

Interestingly, LLDR (LDL particle density) was
lowest in type lll dyslipidemia compared to oth-
er HTG phenotypes. The predominance of larger,
buoyant LDL particle in type lll might be related
to the fact that median TG was lowest in type IlI
among all HTG FLL phenotypes, and TG levels are
known to be positively correlated with denser
smaller LDL particles [29]. This is to our knowl-
edge, however, a novel observation. Finally, our
type Ill patients had a higher HDL,/HDL,-C ratio,
related to higher HDL,-C levels, which might re-
flect lower net CETP effect (assuming similar CETP
activity) due to lower TG levels. These findings of
lower average density of both LDL and HDL activ-
ity would predict lesser ASCVD risk, which none-
theless is strikingly elevated in type Il patients,
thus, likely due to the VLDL and IDL changes. To
our knowledge, these observations of decreased
LDL and HDL particle density are novel in the sci-
entific literature.

There are limitations of this study. First, intra-
individual temporal variation was not addressed
since we included only one-time sample collec-
tion for lipid measurement. Second, demographic
variables such as biophysical status, race/ethnici-
ty, or dietary habits were not available. Third, we
did not have clinical data, such as lipid-lowering
treatment (including TG-lowering therapies) or
history of CVD. Fourth, genetic information, well
characterized in HTG phenotypes [30], could
not be obtained and so we relied on phenotypic
characterization of the FLL classifications. Lastly,
the cross-sectional nature of the study does not
warrant the drawing of any conclusions regarding
cause-effect relationships among the various ele-
ments of our lipoprotein data, and the lack of any
ASCVD data does not allow any inference regard-
ing our lipoprotein data and ASCVD event risk.

In conclusion, our findings provide important
information about the frequency of FLL pheno-
types in a large contemporary population, as well
as the comprehensive distribution of lipoprotein
levels in the setting of HTG phenotypes that in-
clude TG levels in the chylomicronemic range. The
present study, although observational and hy-
pothesis-generating, might help gain insight into
the complexity of dyslipidemia, particularly in hy-
pertriglyceridemic settings.

Conflict of interest

Drs. Martin and Jones are listed as coinventors
on a pending patent filed by Johns Hopkins Uni-
versity for LDL-C estimation. Dr Jones has served
as an advisor to Sano/Regeneron. Dr Martin has

the Very Large Database of Lipids Studies 6 and 7

served as a consultant to Quest Diagnostics,
Sano/Regeneron, Amgen, and the Pew Research
Center. Dr. Joshi received non-compensated site Pl
for studies funded by AstraZeneca, Pfizer, Merck
and Regeneron/Sanofi as well as modest consult-
ing income from Regeneron. Dr. Toth has served as
consultant and speaker for Amarin, Amgen, Kowa,
Merck, Novo-Nordisk, Regeneron, and Sanofi;
consultant to Gemphire. Dr. Brinton has received
research support from Amarin, Kowa and the Na-
tional Institutes of Health; honoraria as consul-
tant for Akcea, Alexion, Amarin, Amgen, Janssen,
Kastle, Kowa, Merck, Precision Biosciences, PTS
Diagnostics, Regeneron, Sanofi-Aventis; hono-
raria as speaker for Akcea, Alexion, Amarin, Am-
gen, Boehringer-Ingelheim, Janssen, Kastle, Kowa,
Merck, Novo-Nordisk, Regeneron, Sanofi-Aventis.

References

1. Miller M, Stone NJ, Ballantyne C, et al. Triglycerides and
cardiovascular disease: a scientific statement from the
American Heart Association. Circulation 2011; 123:
2292-333.

2. Soran H, Adam S, Mohammad JB, et al. Hypercholestero-
laemia — practical information for non-specialists. Arch
Med Sci 2018; 14: 1-21.

3. Fredrickson DS, Lees RS. A system for phenotyping hy-
perlipoproteinemia. Circulation 1965; 31: 321-7.

4. Brahm A, Hegele RA. Hypertriglyceridemia. Nutrients
2013; 5: 981-1001.

5. Beaumont JL, Carlson LA, Cooper GR, Fejfar Z, Fredrick-
son DS, Strasser T. Classification of hyperlipidaemias
and hyperlipoproteinaemias. Bull World Health Organ
1970; 43: 891-915.

6. Sniderman A, Couture P de Graaf J. Diagnosis and treat-
ment of apolipoprotein B dyslipoproteinemias. Nat Rev
Endocrinol 2010; 6: 335-46.

7. Stulc T, Lanska V, Snejdrlova M, Vrablik M, Prusikova M,
Ceska R. A comprehensive guidelines-based approach
reduces cardiovascular risk in everyday practice: the
VARO study. Arch Med Sci 2017; 13: 705-10.

8. Goldberg I). Hypertriglyceridemia: impact and treatment.
Endocrinol Metab Clin North Am 2009; 38: 137-49.

9. Banach M, Jankowski P Jozwiak J, et al. PoLA/CFPiP/
PCS guidelines for the management of dyslipidaemias
for family physicians 2016. Arch Med Sci 2017; 13:
1-45.

10. Genest JJ Jr, Martin-Munley SS, McNamara JR, et al. Fa-
milial lipoprotein disorders in patients with premature
coronary artery disease. Circulation 1992; 85: 2025-33.

11. Hopkins PN, Brinton EA, Nanjee MN. Hyperlipoprotein-
emia type 3: the forgotten phenotype. Curr Atheroscler
Rep 2014; 16: 440.

12. Khetarpal SA, Qamar A, Millar JS, Rader D). Targeting
apoC-Ill to reduce coronary disease risk. Curr Athero-
scler Rep 2016; 18: 54.

13. Huynh K. Dyslipidaemia: monoclonal antibody target-
ing lipoprotein-bound human apoC-lll. Nat Rev Cardiol
2017; 14: 632-3.

14. Ahmed HM, Elshazly MB, Martin SS, Blaha MJ, Kulkar-
ni KR, Jones SR. Ratio of dense to buoyant LDL subclass
is associated with LDL density phenotype (VLDL-5).
Open Chem Biomed Methods J 2013; 6: 1-5.

Arch Med Sci 5, September / 2019

1201



R. Quispe, A.D. Hendrani, B. Baradaran-Noveiry, S.S. Martin, E. Brown, K.R. Kulkarni, M. Banach, P.P. Toth, E.A. Brinton, S.R. Jones, P.H. Joshi

15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Kulkarni KR. Cholesterol profile measurement by vertical
auto profile method. Clin Labor Med 2006; 26: 787-802.
Jones SR, Martin SS, Brinton EA. Letter by Jones et al
regarding article, “Elevated remnant cholesterol causes
both low-grade inflammation and ischemic heart dis-
ease, whereas elevated low-density lipoprotein choles-
terol causes ischemic heart disease without inflamma-
tion”. Circulation 2014; 129: e655.

Quispe R, Al-Hijji M, Swiger KJ, et al. Lipid phenotypes
at the extremes of high-density lipoprotein cholesterol:
the very large database of lipids-9. J Clin Lipidol 2015;
9:511-8 el-5.

Wang T, Nakajima K, Leary ET, et al. Ratio of remnant-like
particle-cholesterol to serum total triglycerides is an ef-
fective alternative to ultracentrifugal and electrophoret-
ic methods in the diagnosis of familial type IIl hyperlipo-
proteinemia. Clin Chem 1999; 45: 1981-7.

Leaf DA. Chylomicronemia and the chylomicronemia
syndrome: a practical approach to management.
Am ] Med 2008; 121: 10-2.

Foger B, Ritsch A, Doblinger A, Wessels H, Patsch JR. Re-
lationship of plasma cholesteryl ester transfer protein
to HDL cholesterol. Studies in normotriglyceridemia and
moderate hypertriglyceridemia. Arterioscler Thromb
Vasc Biol 1996; 16: 1430-6.

Gou L, Fu M, Xu Y, Tian Y, Yan B, Yang L. Alterations of
high-density lipoprotein subclasses in endogenous hy-
pertriglyceridemia. Am Heart J 2005; 150: 1039-45.
Sparks CE, Sparks JD. Lipid metabolism: insights into the
complexity of VLDL metabolic pathways. Curr Opin Lipi-
dol 2010; 21: 280-1.

McConathy WJ, Trieu VN, Koren E, Wang CS, Corder CC.
Triglyceride-rich lipoprotein interactions with Lp(a).
Chem Phys Lipids 1994; 67-68: 105-13.

Werba JR Safa O, Gianfranceschi G, Michelagnoli S, Sirto-
ri CR, Franceschini G. Plasma triglycerides and lipopro-
tein(a): inverse relationship in a hyperlipidemic Italian
population. Atherosclerosis 1993; 101: 203-11.

Cohn JS, Lam CW, Sullivan DR, Hensley WJ. Plasma lipo-
protein distribution of apolipoprotein(a) in the fed and
fasted states. Atherosclerosis 1991; 90: 59-66.
Durrington PN. Cholestery! ester transfer protein (CETP)
inhibitors. BrJ Cardiol 2012; 19: 126-33.

Jansen H, Verhoeven AJ, Sijbrands EJ. Hepatic lipase:
a pro- or anti-atherogenic protein? J Lipid Res 2002; 43:
1352-62.

Mahley RW, Huang Y, Rall SC Jr. Pathogenesis of type IlI
hyperlipoproteinemia (dysbetalipoproteinemia). Ques-
tions, quandaries, and paradoxes. J Lipid Res 1999; 40:
1933-49.

Cho Y, Lee SG, Jee SH, Kim JH. Hypertriglyceridemia is
a major factor associated with elevated levels of small
dense LDL cholesterol in patients with metabolic syn-
drome. Ann Labor Med 2015; 35: 586-94.

Johansen CT, Hegele RA. Genetic bases of hypertriglycer-
idemic phenotypes. Curr Opin Lipidol 2011; 22: 247-53.

12

02

Arch Med Sci 5, September / 2019



	Measurements
	OLE_LINK5
	OLE_LINK6
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30

