@'PLOS | ONE

CrossMark

click for updates

@ OPEN ACCESS

Citation: Parra ES, Panzoldo NB, Zago VHdS,
Scherrer DZ, Alexandre F, et al. (2014) HDL Size
is More Accurate than HDL Cholesterol to Predict
Carotid Subclinical Atherosclerosis in Individuals
Classified as Low Cardiovascular Risk. PLoS
ONE 9(12): e114212. doi:10.1371/journal.pone.
0114212

Editor: Kottarappat N. Dileepan, University of
Kansas Medical Center, United States of America

Received: July 29, 2014
Accepted: October 23, 2014
Published: December 3, 2014

Copyright: © 2014 Parra et al. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and repro-
duction in any medium, provided the original author
and source are credited.

Data Availability: The authors confirm that all data
underlying the findings are fully available without
restriction. Data are unsuitable for public deposition
due to ethical restrictions protecting potentially
identifying information. Requests to access data
must be approved by the ethics committee of the
State University of Campinas. Requests may be
submitted to the corresponding author.

Funding: ACS and WN were supported by a
fellowship grant of productivity in research from the
Brazilian National Research Council (CNPg). This
work was supported by the State of Sdo Paulo
Research Foundation (Fapesp), grant numbers
2006/60585-9 and 2011/16476-9, and by the
CNPq, grant number 143384/2011-2. The funders
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

PLOS ONE | DOI:10.1371/journal.pone.0114212 December 3, 2014

RESEARCH ARTICLE

HDL Size is More Accurate than HDL
Cholesterol to Predict Carotid Subclinical
Atherosclerosis in Individuals Classified as
Low Cardiovascular Risk

Eliane Soler Parra'?, Natalia Baratella Panzoldo'?,

Vanessa Helena de Souza Zagoz, Daniel Zanetti Scherrer?, Fernanda Alexandre?,
Jamal Bakkarat?, Valeria Sutti Nunes®, Edna Regina Nakandakare?,

Eder Carlos Rocha Quintio®, Wilson Nadruz-Jr', Eliana Cotta de Faria?, Andrei C.
Sposito'*

1. Department of Cardiology, Faculty of Medical Sciences, University of Campinas, Campinas, SP, Brazil, 2.
Department of Clinical Pathology, Lipid Laboratory and Center for Medicine and Experimental Surgery,
Faculty of Medical Sciences, University of Campinas, Campinas, SP, Brazil, 3. Lipid Laboratory, Faculty of
Medical Sciences, University of Sdo Paulo, Sdo Paulo, SP, Brazil

*andreisposito@gmail.com

Abstract

Background: Misclassification of patients as low cardiovascular risk (LCR)
remains a major concern and challenges the efficacy of traditional risk markers.
Due to its strong association with cholesterol acceptor capacity, high-density
lipoprotein (HDL) size has been appointed as a potential risk marker. Hence, we
investigate whether HDL size improves the predictive value of HDL-cholesterol in
the identification of carotid atherosclerotic burden in individuals stratified to be at
LCR.

Methods and Findings: 284 individuals (40—-75 years) classified as LCR by the
current US guidelines were selected in a three-step procedure from primary care
centers of the cities of Campinas and Americana, SP, Brazil. Apolipoprotein B-
containing lipoproteins were precipitated by polyethylene glycol and HDL size was
measured by dynamic light scattering (DLS) technique. Participants were classified
in tertiles of HDL size (<7.57; 7.57-8.22; >8.22 nm). Carotid intima-media
thickness (cIMT) <0.90 mm (80™ percentile) was determined by high resolution
ultrasonography and multivariate ordinal regression models were used to assess
the association between cIMT across HDL size and levels of lipid parameters. HDL-
cholesterol was not associated with cIMT. In contrast, HDL size >8.22 nm was
independently associated with low cIMT in either unadjusted and adjusted models
for age, gender and Homeostasis Model Assessment 2 index for insulin sensitivity,
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ethnicity and body mass index (Odds ratio 0.23; 95% confidence interval 0.07—
0.74, p=0.013).

Conclusion: The mean HDL size estimated with DLS constitutes a better predictor
for subclinical carotid atherosclerosis than the conventional measurements of
plasma HDL-cholesterol in individuals classified as LCR.

Introduction

It is of particular concern that, depending of the risk score applied, up to 72% of
patients admitted with ST-elevation would have originally been classified to be at
low cardiovascular (CV) risk just prior to the event [1]. Such limitation of risk
algorithms draws attention to the possible inconsistencies between a few of their
risk markers and their true CV risk. In this context, the discriminatory power of
plasma high-density lipoprotein (HDL) cholesterol has been shown to be highly
heterogeneous among individuals and tends to be negligible among those with CV
disease [2]. From a mechanistic point of view, this phenomenon is explained by
an increase in the dysfunctional behavior of HDL that follows the exposition to
CV risk factors. Still, in general, the inclusion of HDL cholesterol (HDL-C) in risk
estimation is expected to improve the real risk assessment in only 2.2% [3].
Hence, it became evident that risk assessment would improve with the use of
simple feasible markers of HDL function.

Cholesterol efflux capacity of HDL has been shown to be a step forward from
plasma HDL-C in discriminating individuals with or without coronary or carotid
atherosclerosis [4, 5]. Such improvement in prediction has been mainly attributed
to phenotypic changes in HDL, which are not discernible from basic lipid profile
assays. Studies using either native HDL or reconstituted HDL particles
demonstrated that cholesterol efflux capacity is directly proportional to HDL size
[6,7]. As the diameter of HDL enlarges, changes occur in the conformation of the
central region of the apolipoprotein (apo) A-I [6]. In turn, this leads to a greater
HDL affinity for scavenger receptor class B type I (SRBI) and increased cell
cholesterol efflux [6,7].

Cholesterol efflux assessment, however, is an intricate, labor-intensive
procedure that remains restricted to research laboratories. On the other hand, the
assessment of HDL diameter may be obtained by straightforward and fast
throughput technologies such as nuclear magnetic resonance (NMR) or dynamic
light scattering (DLS) - the latter much less expensive and accessible in the clinical
setting. In light of all of this, our main objective was to investigate whether HDL
size assessment obtained from a simple feasible assay would improve the
predictive value of HDL-C in the identification of individuals presenting
subclinical atherosclerotic disease among those classified as low CV risk according
to the most recent Atherosclerosis Cardiovascular Disease risk score (ASCVD) [8].
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In addition, we investigated the main potential mechanisms that would justify
differences in HDL size.

Methods
Subjects

Participants were selected in tree steps from a database of 598,288 lipid profiles of
individuals who spontaneously sought governmental primary care centers for CV
risk estimation between 2008 and 2011 in the cities of Campinas and Americana,
SP, Brazil. Our goal was to select individuals aged 40 years or older at low CV risk
and without regular use of lipid-lowering treatment or secondary causes for
reduced HDL-C. In the first step, we selected medical reports from individuals
with (i) low-density lipoprotein cholesterol (LDL-C) =130 mg/dL, (ii) trigly-
cerides =150 mg/dL, and (iii) of both genders. In this phase, 53,491 individuals
were considered eligible for telephone interview. We then excluded individuals
who self-reported: (i) body mass index (BMI) =30 kg/mz, (ii) regular use of
medical treatments, (iii) smoking habit, (iv) daily intake of alcohol >14 g or (v)
intensive daily physical exercise. From 1,536 individuals who were selected and
invited for in-person clinical evaluation and blood exams, 919 individuals
attended the second step evaluation. During the second step, exclusions were
made based of reassessment of BMI, LDL-C and triglycerides values as above
reported as well as (i) urea >71 mg/dL, (ii) creatinine >1.20 mg/dL, (iii) glucose
>100 mg/dL, (iv) alanine aminotransferase >50 U/L, (v) aspartate aminotrans-
ferase >33 U/L, (vi) thyroid stimulating hormone <0.41 or >4.5 uUl/mL, and
(vii) metabolic syndrome as defined by the International Diabetes Federation
(IDF) criteria. In this last step, 284 individuals who were considered eligible by the
abovementioned criteria were enrolled. The flow diagram of this selection process
is depicted in Figure 1.

Ethics statement

The Ethics Committee in Medical Sciences of the University of Campinas
approved this study (409/2010) and the study is registered at ClinicalTrials.Gov by
the following identification NCT02106013. All volunteers signed an informed
consent form before taking part in the study.

Clinical and anthropometric data

Weight, height, BMI, waist and hip circumference, and systolic and diastolic
blood pressure were obtained in duplicates. The ethnicity was self-reported and
categorized as white or non-white. Estimated lipid accumulation product (LAP,
for men= (waist circumference - 65) x triglycerides) for women= (waist
circumference - 58) x triglycerides)) was used for estimating body lipid
accumulation [9].
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Figure 1. Flow-diagram of the study. ALT: alanine aminotransferase; AST: aspartate aminotransferase; THS: thyroid stimulating hormone.

doi:10.1371/journal.pone.0114212.9001
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Biochemical analysis

Blood samples were drawn after a 12-h fast and EDTA plasma was separated by
centrifugation (4°C, 1000 x g, 10 minutes) and stored at —80°C until analysis.
Total cholesterol, triglycerides, HDL-C and glucose measurements were
performed in an automated chemical analyzer Modular Analytics Evo (Roche
Diagnostics, Burgess Hill, West Sussex, UK), using Roche Diagnostics reagents
(Mannheim, Germany). LDL-C was calculated by Friedewald’s equation. Apo A-I,
apo B and lipoprotein (a) were determined by nephelometry in a BNII automated
system and reagents from Dade-Behring (Marburg, Germany). C-reactive protein
(CRP) was measured using the Tina-quant CRP (latex) high sensitivity assay
(Roche Diagnostics, Mannheim, Germany) by immunoturbidimetry. Plasma
insulin was determined by ELISA (Human Insulin ELISA kit, Millipore
Corporation, MA, USA).

The Modification of Diet in Renal Disease (MDRD) equation estimated
glomerular filtration rate (GFR). The Homeostasis Model Assessment 2
(HOMAZ2) Calculator version 2.2 was used to estimate [ cell function (HOMA2B)
and insulin sensitivity (HOMAZ2S) [10]. Cholesteryl ester transfer protein (CETP)
[11] and phospholipid transfer protein (PLTP) activities in plasma were
determined using radioassays with exogenous substrates and PLTP mass was
measured by ELISA as previously describe [12]. PLTP specific activity was
calculated as the ratio of PLTP activity and PLTP concentration. Paraoxonase-1
(PON-1) activity was measured using paraoxon (diethyl-p-nitrophenylphosphate,
Sigma, St. Louis, MO, USA) as substrate [13]. A subgroup of 159 individuals were
randomly selected and were analyzed the exogenous lecithin cholesterol
acyltransferase (LCAT) activity (nmolCE/mL/h), performed using a recombinant
HDL as substrate [14], additionally, LCAT endogenous activity (% cholesterol
ester) was measured through the rate of esterification of "*C-free cholesterol by
LCAT in the subject’s HDL [15]. Moreover, lipoprotein lipase (LPL) and hepatic
lipase (HL) activities were assessed in post-heparin plasma samples, based on fatty
acid release, using a radiolabeled triolein emulsion as substrate and NaCl 1M as
LPL inhibitor [16].

HDL particle size analysis

HDL particle size was measured after chemical precipitation of apo B-containing
lipoproteins with polyethylene glycol (PEG) 8000 (400 g/L) in glycine solution
0.2 mol/L, adjusted to pH 10 (Sigma-Aldrich, St. Louis, MO, USA) [17].
Measurements of HDL particle size were made using the Nanotrac Particle Size
Analyzer (Microtrac, North Largo Florida, USA) by DLS technique, as described
by Lima & Maranhdao [18].

CV risk and carotid atherosclerotic burden estimation

The 10-year risk of coronary fatal or nonfatal myocardial infarction or fatal or
nonfatal stroke, and peripheral arterial disease of supposed atherosclerotic origin
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was estimated by the ASCVD [8]. Measurement of the intima-media thickness
(cIMT) of the left and right common carotid arteries was obtained at the far wall
and 1 cm from the bifurcation [19] by using a high resolution B-mode carotid
ultrasonography (ATL HDI 3500, 6-9 MHz linear transducer, ATL Ultrasound,
Bothell, EUA), by a single trained sonographer, according to standardized
method. Individual results correspond to the mean of the left and right cIMT in
mm.

Statistical analysis

Distribution of the variables was tested using the Kolmogorov-Smirnov test.
Comparative analyses were performed using Kruskal-Wallis for non-normal data,
expressed as median (interquartile range), and analysis of variance (ANOVA) for
normal data, expressed as mean + standard deviation. Bonferroni’s or Mann-
Whitney tests were used for post-hoc analysis. Chi-Square test was used for
categorical variables. Analysis of covariance (ANCOVA) adjusted by gender and
age was used to compare cIMT between groups. Multivariate ordinal regression
models were used to assess the association between cIMT =80 percentile

(0.90 mm) across increasing levels of lipid parameters. In order to minimize the
effect of the differences in magnitudes of the absolute values and make
comparable the association between the independent variables and the odds ratios
(OR), tertiles of HDL size, HDL-C, LDL-C, non-HDL-C and apo A-I were used as
independent variables with the reference group being the lowest tertile. HDL-C
was not included in the same model of HDL size due to the presence of
colinearity. In the models, we included age, gender, HOMAZ2S, ethnicity and BMI
as covariates because of their known influence on cIMT. A two-sided p-value
<0.05 was considered statistically significant. Analyses were performed using
SPSS Statistics version 17.0.

Results
Clinical characteristics and biochemical data

As shown in Table 1, participants were grouped into tertiles of HDL size
(<7.57 nm; 7.57-8.22 nm; and >8.22 nm). Individuals in the 1*' tertile presented
higher BMI, waist circumference and LAP than those in the 2™ tertile while both
were higher than those in the 3™ tertile. Likewise, participants in the 1°* tertile had
lower levels of HDL-C, apo A-I, HOMA2S, PLTP mass and activity of PON-1 as
well as higher levels of insulin, HOMA2B and endogenous LCAT and HL activity
as compared to their counterparts. Plasma triglycerides were lower in 3™ tertile
group as compared to the others groups. Mean apo B and non-HDL-C were lower
in 3" tertile than in the 2™ tertile. CRP levels and cIMT were also lower in 3"
tertile when compared with others groups.
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Table 1. Baseline characteristics according to the tertiles of HDL size.

s |ossaw [camem |
N 92 93 99

HDL size, nm

Female, %

Ethnic group White/non-white, %
Age, years

Body mass index, kg/m?

Waist circumference, cm

Lipid accumulation product - LAP, cm.mmol/L

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
HDL-C, mg/dL

Non-HDL-C, mg/dL
Triglycerides, mg/dL

LDL-C, mg/dL

Glucose, mg/dL

Insulin, uU/mL

HOMAZ2S, %

HOMAZ2B, %

Apo A-l, mg/dL

Apo B, mg/dL

Lipoprotein (a), mg/dL

GFR, ml/min/1.73m?

CETP, %

PLTP activity, umolPC/mL/h
PLTP mass, mg/L

PLTP specific activity (umol/mg/L)
Hepatic lipase, pmolFFA/mL/h
Lipoprotein lipase, umolFFA/mL/h
Exogenous LCAT, nmolCE/mL/h
Endogenous LCAT, %CE
PON-1, umol/min

C-reactive protein, mg/L
PON-1/Apo A-l

cIMT, mm

10-Year ASCV Risk, %

7.24 (0.36)
49
77123
49 (13)
24.8+3.1
82+11
17 (22)
120 (20)
80 (0)
39 (22)
124426
85 (49)
106 +25
8748
5.29 (5.15)
169 (148)
81436
124429
82418
10.4 (25.0)
90 (23)
14+6
5.74+2.53
5.62+1.20
1.07+0.37
6.27 (4.98)
3.29 (3.87)
1749
3.88+1.52
19 (31)
1.30 (1.50
0.16 (0.27
0.80 (0.35
(

)
)
)
1.25 (2.70)

7.86 (0.34)
54

75125

51 (14)
23.9+2.8
7849

15 (12)
120 (15)
80 (11)

63 (25)
126+27
81 (41)
109+24
85+10
3.70 (3.63)
239 (279)
65+28
157 +40
83+19
17.1 (21.0)
90 (18)
1346
5.83+2.49
6.54+1.42
0.98+0.30
4.34 (2.86)
3.28 (3.79)
1749
2.86+1.08
31 (33)
1.06 (1.60)
0.20 (0.26)
0.71 (0.24)
1.10 (2.60)

8.51 (0.42)
64

79/21

52 (13)
234426
7549

10 (9)

120 (20)
80 (3)

75 (13)
116+ 24
66 (28)
102422
85+7
3.66 (2.95)
232 (250)
60425
178429
77418
10.7 (23.0)
87 (20)
1245
6.11+2.35
6.87+1.23
0.91+0.25
4.12 (4.02)
4.13 (3.35)
17+8
2.63+1.10
36 (48)
0.83 (1.30)
0.22 (0.26)
0.70 (0.19)
0.90 (1.15)

0.112
0.802
0.115
0.004°
0.00012°
0.00013°
0.969
0.940
0.00012b¢
0.022°
0.00012¢
0.099
0.324
0.001%
0.002%°
0.001%
0.00012P:¢
0.043°
0.066
0.868
0.206
0.564
0.00013°
0.019°
0.0022°
0.408
0.957
0.00013°
0.0082°
0.0072°
0.947
0.0001
0.156

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; HOMA2S: homeostasis modeling assessment 2 for insulin
sensitivity; HOMA2B: HOMA2 for insulin secretion; Apo: apolipoprotein; GFR: glomerular filtration rate estimated by Modification of Diet in Renal Disease
equation; CETP: cholesteryl ester transfer protein; PLTP: phospholipids transfer protein; PC: phosphatidylcholine; FFA: free fatty acids; LCAT: lecithin
cholesterol acyltransferase; CE: cholesteryl ester; PON-1: paraoxonase 1; cIMT: carotid intima-media thickness; normal and non-normal data presented as
mean + standard deviation or median (interquartile range) respectively; p values were obtained by ANOVA or Kruskal-Wallis. cIMT comparisons were made
by ANCOVA adjusted by age and gender. Significant a posteriori differences were obtained by Bonferroni or Mann-Whitney test and were indicated as:
a=1%" tertile #3" tertile; b=1%' tertile 42" tertile; and ¢ 2™ tertile 3" tertile.

doi:10.1371/journal.pone.0114212.t001
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HDL size, CV risk and atherosclerosis

The median 10 years ASCVD risk was below 2% in the three groups. There was no
significant difference in the mean risk among the HDL size tertiles. Multiple
ordinal regressions were performed to estimate the degree of association between
the presence of cIMT = the 80™ percentile and the independent variables
expressed in tertiles: HDL size, HDL-C, LDL-C and non-HDL-C. Displayed in
Table 2, the 3 models for each variable: (1) unadjusted; (2) adjusted by age,
gender and HOMAZ2S; (3) adjusted by age, gender, HOMAZ2S, ethnicity and BMI.
HDL particle size >8.22 nm was independently associated with low cIMT both in
the unadjusted and adjusted models. We added PON (p=0.012), CRP (p=0.028)
or LDL-C (p=0.019) to the third model and the highest tertil of HDL size
remained statistically associated with cIMT. HDL-C values (Table 2) and Apo A-I
(p=0.24) were not significantly associated with cIMT. LDL-C=98 mg/dL and
non-HDL-C=113 mg/dL were both independently associated with higher cIMT
in the three models. We did not include waist circumference or LAP due to
collinearity between these variables. Be that as it may, exchanging these
covariables did not change the statistical significance of the analyses. Insulin was
also not included in the models because it is a component of the HOMA2S
equation. Since LCAT, HL and PLTP are involved in influencing HDL size these
variables were not included in the multivariable models.

Discussion

The main finding of the study is that it is not HDL-C levels but HDL particle size
that improves the discrimination of individuals with or without increased cIMT
among those considered at low CV risk. This association remains significant after
adjustment for LDL-C, insulin sensitivity and the presence of traditional CV risk
factors.

In NMR studies, plasma concentration of large HDL (9.4-14 nm) has been
shown to be inversely associated with CV risk, whereas small HDL (7.3-8.2 nm)
has been shown to be positively associated with risk [20-22]. Mean HDL size
obtained by NMR was inversely associated with cIMT in individuals with familial
hypercholesterolaemia and in asymptomatic volunteers [23]. In our study, we
enrolled individuals systematically stratified to be at low CV risk by the current
ASCVD score. In addition, we used a less costly, easy and consequently more
broadly applicable assay for measuring HDL particle size. Consistently, we found
that large HDL size (>8.2 nm) is more effective than high HDL-C plasma
concentration in discriminating cIMT-estimated atherosclerotic burden in low
risk individuals. Furthermore, the observed association was independent of
insulin sensitivity, age and LDL-C. In contrast, as expected, both LDL-C and non-
HDL-C were strong predictors for increased cIMT.

Although metabolic syndrome as defined by IDF standards was considered an
exclusion criterion, individuals in the lower HDL size tertile had higher
triglycerides levels, waist circumference and lower insulin sensitivity than their
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Table 2. Multivariate ordinal logistic regression analysis using cIMT < and =0.90 mm (80" percentile) as dependent variable.

N2 N-3  N=® |
Model 1 Ref group 0.57 (0.23-1.43) 0.40 (0.17-0.97)
p=0.229 p=0.042
Model 2 Ref group 0.57 (0.19-1.71) 0.23 (0.07-0.70)
p=0.316 p=0.010
Model 3 Ref group 0.49 (0.16-1.54) 0.23 (0.07-0.74)
p=0.222 p=0.013

HDL-C <49 mg/dL 49-71 mg/dL >71 mg/dL

Model 1 Ref group 0.73 (0.30-1.82) 0.58 (0.24—1.38)
p=0.503 p=0.216

Model 2 Ref group 0.57 (0.18-1.77) 0.40 (0.13-1.27)
p=0.331 p=0.120

Model 3 Ref group 0.44 (0.13-1.48) 0.43 (0.13-1.38)
p=0.187 p=0.156

LDL-C <98 mg/dL 98-116 mg/dL >116 mg/dL

Model 1 Ref group 4.36 (1.35-14.05) 4.00 (1.25-12.84)
p=0.014 p=0.020

Model 2 Ref group 5.80 (1.37-24.59) 6.07 (1.52—24.25)
p=0.017 p=0.011

Model 3 Ref group 5.76 (1.30-25.58) 6.45 (1.56-26.64)
p=0.021 p=0.010

Non-HDL-C <113 mg/dL 113-133 mg/dL >133 mg/dL

Model 1 Ref group 4.00 (1.25-12.84) 4.36 (1.35-14.05)
p=0.020 p=0.014

Model 2 Ref group 4.45 (1.09-18.24) 5.05 (1.28-19.98)
p=0.038 p=0.021

Model 3 Ref group 3.96 (0.94-16.72) 5.05 (1.26-20.26)
p=0.061 p=0.022

Model 1: unadjusted; Model 2: adjusted by age, gender and HOMA2S; Model 3: age, gender, HOMA2S, ethnicity (white and non-white) and body mass
index. Independents variables HDL size, HDL-C, LDL-C e Non-HDL-C divided in tertiles. Results are presented as the odds ratio (95% confidence interval)
of cIMT above 80" percentile.

doi:10.1371/journal.pone.0114212.t002

counterparts. Endogenous LCAT and exogenous HL activities were also higher in
the 1°' tertile, which may have contributed to the reduced HDL size and was
possibly favored by the decline in insulin sensitivity [24-26]. Likewise, PLTP
activity has also been reported to be inversely related to insulin sensitivity and
involved in the remodeling of HDL [27]. In agreement with prior studies [28], we
found that PLTP mass differed between groups but PLTP activity did not.
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Consequently, PLTP specific activity, which reflects the relative proportion of
active and inactive isoforms, was lower among individuals in the higher tertile of
HDL size. Although PLTP effect on HDL size is still controversial, specific PLTP
activity seems to be more clearly related to a decreasing effect on particle size [29].
Given this potential modulation of insulin sensitivity in the mechanisms involved
in the enlargement of HDL particles, multivariate analyses were performed and
confirmed the existence of a direct association between the HDL size and cIMT
and plasma CRP. Thus, it is possible that the declined insulin sensitivity and
resulting increase in PLTP, LCAT and HL act jointly as a set of stimuli that leads
to a reduction in the size of HDL. In turn, this directly and indirectly favors the
increase in carotid atherosclerotic burden and systemic inflammatory activity.

In line with this assumption, we found that the overall plasma PON-1 activity
was associated with larger HDL size. Besides the effect on cholesterol efflux
capacity, this overall antioxidant activity may contribute to the lower association
between large HDL and atherosclerotic burden or systemic inflammation. Since
small sized HDL particles have been shown to express a higher PON-1 specific
activity [30], it is likely that such an increase in overall plasma PON-1 activity in
individuals with large HDL size results from the positive association between HDL
size and the number of HDL particles. In fact, statistical significance disappeared
when the ratio of PON-1 and apo A-I were compared between groups.

In conclusion, the present study indicates that the mean HDL size estimated by
DLS constitutes a better predictor for subclinical carotid atherosclerosis than the
conventional measurement of plasma HDL-C in individuals classified by the
current guidelines as being at low CV risk.

Acknowledgments

We are grateful for Prof Matti Jauhiainen and Jari Metso from the National
Institute for Health and Welfare, Helsinki, Finland for the analyses of PLTP and
exogenous LCAT activities. Study Association: This article is part of a doctoral
degree thesis by Eliane Soler Parra.

Author Contributions

Conceived and designed the experiments: ESP ACS ERN ECRQ ECDF VSN.
Performed the experiments: ESP NBP VHDSZ DZS FA JB VSN. Analyzed the
data: ESP NBP VHDSZ DZS ECDF ACS WN. Contributed reagents/materials/
analysis tools: ESP ACS. Wrote the paper: ESP NBP VHDSZ ACS WN.

References

1. Sposito AC, Alvarenga BF, Alexandre AS, Araujo AL, Santos SN, et al. (2011) Most of the patients
presenting myocardial infarction would not be eligible for intensive lipid-lowering based on clinical
algorithms or plasma C-reactive protein. Atherosclerosis 214: 148-150.

PLOS ONE | DOI:10.1371/journal.pone.0114212 December 3, 2014 10/12



@'PLOS | ONE

HDL Size and Carotid Atherosclerosis

10.

1.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

Silbernagel G, Schottker B, Appelbaum S, Scharnagl H, Kleber ME, et al. (2013) High-density
lipoprotein cholesterol, coronary artery disease, and cardiovascular mortality. European heart journal 34:
3563-3571.

Cooney MT, Dudina A, De Bacquer D, Fitzgerald A, Conroy R, et al. (2009) How much does HDL
cholesterol add to risk estimation? A report from the SCORE Investigators. Eur J Cardiovasc Prev
Rehabil 16: 304-314.

Khera AV, Cuchel M, de la Llera-Moya M, Rodrigues A, Burke MF, et al. (2011) Cholesterol efflux
capacity, high-density lipoprotein function, and atherosclerosis. N Engl J Med 364: 127-135.

Li XM, Tang WH, Mosior MK, Huang Y, Wu Y, et al. (2013) Paradoxical association of enhanced
cholesterol efflux with increased incident cardiovascular risks. Arterioscler Thromb Vasc Biol 33: 1696—
1705.

de Beer MC, Durbin DM, Cai L, Jonas A, de Beer FC, et al. (2001) Apolipoprotein A-I conformation
markedly influences HDL interaction with scavenger receptor Bl. J Lipid Res 42: 309-313.

Yancey PG, de la Llera-Moya M, Swarnakar S, Monzo P, Klein SM, et al. (2000) High density
lipoprotein phospholipid composition is a major determinant of the bi-directional flux and net movement
of cellular free cholesterol mediated by scavenger receptor Bl. J Biol Chem 275: 36596—-36604.

Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB, et al. (2014) 2013 ACC/AHA
guideline on the assessment of cardiovascular risk: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. Circulation 129: S49-73.

Kahn HS (2005) The “lipid accumulation product” performs better than the body mass index for
recognizing cardiovascular risk: a population-based comparison. BMC Cardiovasc Disord 5: 26.

Caumo A, Perseghin G, Brunani A, Luzi L (2006) New insights on the simultaneous assessment of
insulin sensitivity and beta-cell function with the HOMA2 method. Diabetes Care 29: 2733-2734.

Lagrost L (1998) Determination of the mass concentration and the activity of the plasma cholesteryl
ester transfer protein (CETP). Methods Mol Biol 110: 231-241.

Jauhiainen M, Ehnholm C (2005) Determination of human plasma phospholipid transfer protein mass
and activity. Methods 36: 97-101.

Kleemola P, Freese R, Jauhiainen M, Pahiman R, Alfthan G, et al. (2002) Dietary determinants of
serum paraoxonase activity in healthy humans. Atherosclerosis 160: 425-432.

Chisholm JW, Gebre AK, Parks JS (1999) Characterization of C-terminal histidine-tagged human
recombinant lecithin:cholesterol acyltransferase. J Lipid Res 40: 1512—-1519.

Dobiasova M, Stribrna J, Pritchard PH, Frohlich JJ (1992) Cholesterol esterification rate in plasma
depleted of very low and low density lipoproteins is controlled by the proportion of HDL2 and HDL3
subclasses: study in hypertensive and normal middle-aged and septuagenarian men. J Lipid Res 33:
1411-1418.

Ehnholm C, Kuusi T (1986) Preparation, characterization, and measurement of hepatic lipase. Methods
Enzymol 129: 716-738.

Dias VC, Parsons HG, Boyd ND, Keane P (1988) Dual-precipitation method evaluated for
determination of high-density lipoprotein (HDL), HDL2, and HDL3 cholesterol concentrations. Clin
Chem 34: 2322-2327.

Lima ES, Maranhao RC (2004) Rapid, simple laser-light-scattering method for HDL particle sizing in
whole plasma. Clin Chem 50: 1086—1088.

Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, et al. (2012) Mannheim carotid intima-
media thickness and plaque consensus (2004-2006-2011). An update on behalf of the advisory board of
the 3rd, 4th and 5th watching the risk symposia, at the 13th, 15th and 20th European Stroke
Conferences, Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg, Germany, 2011.
Cerebrovasc Dis 34: 290-296.

Rosenson RS, Otvos JD, Freedman DS (2002) Relations of lipoprotein subclass levels and low-density
lipoprotein size to progression of coronary artery disease in the Pravastatin Limitation of Atherosclerosis
in the Coronary Arteries (PLAC-I) trial. Am J Cardiol 90: 89-94.

El Harchaoui K, Arsenault BJ, Franssen R, Despres JP, Hovingh GK, et al. (2009) High-density
lipoprotein particle size and concentration and coronary risk. Ann Intern Med 150: 84-93.

PLOS ONE | DOI:10.1371/journal.pone.0114212 December 3, 2014 11/12



@'PLOS | ONE

HDL Size and Carotid Atherosclerosis

22,

23.

24,

25,

26.

27.

28.

29,

30.

Mora S, Otvos JD, Rifai N, Rosenson RS, Buring JE, et al. (2009) Lipoprotein particle profiles by
nuclear magnetic resonance compared with standard lipids and apolipoproteins in predicting incident
cardiovascular disease in women. Circulation 119: 931-939.

Jarauta E, Mateo-Gallego R, Gilabert R, Plana N, Junyent M, et al. (2012) Carotid atherosclerosis and
lipoprotein particle subclasses in familial hypercholesterolaemia and familial combined hyperlipidaemia.
Nutr Metab Cardiovasc Dis 22: 591-597.

de Vries R, Borggreve SE, Dullaart RP (2003) Role of lipases, lecithin:cholesterol acyltransferase and
cholesteryl ester transfer protein in abnormal high density lipoprotein metabolism in insulin resistance
and type 2 diabetes mellitus. Clin Lab 49: 601-613.

Lee J-Y, Badeau RM, Mulya A, Boudyguina E, Gebre AK, et al. (2007) Functional LCAT deficiency in
human apolipoprotein Al transgenic, SR-BI knockout mice. Journal of lipid research 48: 1052—1061.

Dullaart RP, Perton F, Sluiter WJ, de Vries R, van Tol A (2008) Plasma lecithin: cholesterol
acyltransferase activity is elevated in metabolic syndrome and is an independent marker of increased
carotid artery intima media thickness. J Clin Endocrinol Metab 93: 4860—4866.

de Vries R, Kappelle PJ, Dallinga-Thie GM, Dullaart RP (2011) Plasma phospholipid transfer protein
activity is independently determined by obesity and insulin resistance in non-diabetic subjects.
Atherosclerosis 217: 253—-259.

Oka T, Yamashita S, Kujiraoka T, Ilto M, Nagano M, et al. (2002) Distribution of human plasma PLTP
mass and activity in hypo- and hyperalphalipoproteinemia. J Lipid Res 43: 1236-1243.

Cheung MC, Wolfbauer G, Deguchi H, Fernandez JA, Griffin JH, et al. (2009) Human plasma
phospholipid transfer protein specific activity is correlated with HDL size: implications for lipoprotein
physiology. Biochim Biophys Acta 1791: 206-211.

Kontush A, Chantepie S, Chapman MJ (2003) Small, dense HDL particles exert potent protection of
atherogenic LDL against oxidative stress. Arteriosclerosis, thrombosis, and vascular biology 23: 1881—
1888.

PLOS ONE | DOI:10.1371/journal.pone.0114212 December 3, 2014 12/12



	Figure 1
	TABLE_1
	TABLE_2
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30

