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Objectives: The primary objective was to evaluate predictors of HDL anti-oxidant function in young
adults.
Background: High-density lipoprotein (HDL) cholesterol is considered a protective factor for cardiovascular disease (CVD). However, increased levels are not always associated with decreased cardiovascular
risk. A better understanding of the importance of HDL functionality and how it affects CVD risk is needed.
Methods: Fifty non-Hispanic white subjects from the Testing Responses on Youth (TROY) study were
randomly selected to investigate whether differences in HDL anti-oxidant function are associated with
traditional cardiovascular risk factors, including carotid intima media thickness (CIMT), arterial stiffness
and other inﬂammatory/metabolic parameters. HDL anti-oxidant capacity was evaluated by assessing its
ability to inhibit low-density lipoprotein (LDL) cholesterol oxidation by air using a DCF-based ﬂuorescent
assay and expressed as a HDL oxidant index (HOI). The associations between HOI and other variables
were assessed using both linear and logistic regression.
Results: Eleven subjects (25%) had an HOI  1, indicating a pro-oxidant HDL. Age, LDL, high sensitivity Creactive protein (hsCRP), and paraoxonase activity (PON1), but not HDL, were all associated with HOI
level in univariate linear regression models. In multivariate models that mutually adjusted for these
variables, LDL remained the strongest predictor of HOI (0.13 increase in HOI per 1 SD increase in LDL, 95%
CI 0.04, 0.22).
Atherogenic index of plasma, pulse pressure, homocysteine, glucose, insulin, CIMT and measurements of
arterial stiffness were not associated with HOI in this population.
Conclusions: These results suggest LDL, hsCRP and DBP might predict HDL anti-oxidant function at an
early age.
Ó 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
High-density lipoprotein (HDL) cholesterol is a well characterized protective factor for cardiovascular disease (CVD) [1].
However, increased HDL levels are not always associated with
decreased risk [2]. There is a growing need to better understand
the importance of HDL functional status and how this may affect
CVD risk [3].
HDL is thought to decrease CVD risk by virtue of its anti-oxidant,
anti-inﬂammatory and reverse cholesterol transport functions [4e
6]. HDL promotes reverse cholesterol transport by facilitating the
efﬂux of cholesterol from cells such as macrophages [7]. A recent
study showed that the cholesterol efﬂux capacity correlated
negatively with the likelihood of angiographically-deﬁned coronary artery disease even after adjustment for traditional CVD risk
* Corresponding author. Tel.: þ1 323 442 7383; fax: þ1 323 442 3272.
E-mail address: breton@usc.edu (C.V. Breton).
0021-9150/$ e see front matter Ó 2013 Elsevier Ireland Ltd. All rights reserved.
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factors including HDL cholesterol level [8]. In addition, the same
group showed that HDL anti-oxidant function was signiﬁcantly
impaired in subjects with acute coronary syndromes as compared
with healthy subjects or those with stable coronary artery disease
[7]. The authors used an HDL inﬂammatory index (HII), which reﬂected the ability of HDL to mitigate oxidation of low-density lipoprotein [7]. Higher HII indicated a smaller antioxidant capacity
and resulted in a better predictor of acute coronary syndrome than
HDL level alone [7,9].
HII was also associated with other CVD risk factors such as body
mass index (BMI), HDL, triglycerides and baseline high sensitivity
C-reactive protein (hsCRP) level. Interestingly, there was no correlation between HII and HDL-mediated cholesterol efﬂux capacity in
the latter study [7] suggesting that different functional aspects of
HDL can associate with different cardiovascular endpoints [7,8]. In
addition, we have reported that exposure to environmental factors
such as air pollutants can affect HDL anti-oxidant and antiinﬂammatory capacities with different kinetics [10,11].
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To date, several techniques have been developed to evaluate
HDL function and have been used in older individuals presenting
with pre-existing cardiovascular disease [7e9,12]. However, the
relationship between HDL function and early stages of cardiovascular disease has not been investigated, especially in young subjects. In this study, we aimed to investigate the relationship
between HDL function, CVD risk factors and carotid intima-media
thickness (CIMT) in a group of healthy college students. We
assessed HDL anti-oxidant capacity using a DCF-based cell free
ﬂuorescent assay that evaluated the ability of HDL to inhibit
oxidation of low-density lipoprotein cholesterol (LDL) by air. We
used an HDL Oxidant Index (HOI) to express the HDL anti-oxidant
capacity and evaluated this metric with respect to traditional CVD
risk factors, including CIMT, arterial stiffness, blood pressure, BMI,
cholesterol levels, triglycerides, hsCRP, homocysteine, glucose and
insulin levels.
2. Methods
2.1. Study design
The Testing Responses on Youth (TROY) study consists of 861
college students recruited from USC in 2007e2009 and has been
described in detail elsewhere [13]. For the current study, a subset of
50 randomly selected non-Hispanic white subjects who consented
to collection of a serum sample were selected from the TROY
population in order to investigate whether differences in HDL antioxidant function are associated with traditional cardiovascular risk
factors, including CIMT and arterial stiffness as well as other inﬂammatory/metabolic parameters.
Participants attended a study visit during which CIMT, arterial
stiffness, systolic (SBP) and diastolic (DBP) blood pressure, heart
rate, height, and weight were measured. CIMT, arterial stiffness,
heart rate, and blood pressure were assessed by a single physicianimaging specialist from the USC Atherosclerosis Research Unit Core
Imaging and Reading Center. Several self-administered questionnaires were completed during or prior to the ofﬁce visit to gather
information about health and socio-demographic characteristics.
These included three separate questions to assess family history of
heart disease. Participants were asked if their biological mothers
and fathers ever had any of the following: stroke, heart failure, or
heart attack. Because frequencies of afﬁrmative responses were
low, family history of heart disease was considered to be positive if
an individual responded yes to any of these three. Two additional
questions were also asked about biological parents regarding
medication use against high blood pressure and medication use to
lower cholesterol or lipids. Participants provided a 12-h fasting
blood sample for lipid and biomarker analyses following completion of health testing.
The study protocol was approved by the institutional review
board for human studies at the University of Southern California,
and written consent was provided by the study subjects.
2.2. Health measurements
High-resolution B-mode ultrasound images of the right
common carotid artery were obtained with a portable Biosound
MyLab 25 ultrasound system attached to a 10-MHz linear array
transducer and read by a single physician-imaging specialist as
described previously (Patents 2005, 2006, 2011) [14e16]. Three
metrics of arterial stiffness were calculated: carotid distensibility,
carotid stiffness index beta (b), and Young’s elastic module (YEM)
as described elsewhere [17e19]. Systolic (Ps) and diastolic (Pd)
blood pressures and heart rate were measured immediately after
the ultrasound examination by standard techniques after the

subject was recumbent for at least 10 min. Blood pressure was
measured three times in 1-min intervals, using an OMRON blood
pressure monitor with automatic cuff inﬂation and deﬂation.
Heart rate was measured using a three lead electrocardiogram as
part of the Biosound MyLab 25 ultrasound system. Subject
standing height was measured in stocking feet to the nearest
centimeter using a metal measuring tape placed perpendicularly
to the ﬂoor through the use of a construction-type bubble level
and a measurement block to properly align head orientation.
Weight was measured to the nearest pound with a medical-grade
scale calibrated prior to each day’s testing using pre-determined
calibration weights.
2.3. Biologic measurements
Plasma and serum were divided into one ml samples and stored
at 80 C until analyzed. One ml of plasma from each subject was
used to measure total cholesterol, triglyceride, and HDL cholesterol
levels using an enzymatic method in conformance with the Standardization Program of the National Centers for Disease Control
and Prevention. LDL-C was calculated using the Friedwald formula
[14].
Insulin and hsCRP were measured by a solid-phase chemiluminescent immunometric assay and homocysteine was measured
by a competitive chemiluminescent immunoassay using the
Immulite 2000 analyzer (Siemens Medical Solutions Diagnostics,
Malvern, PA). The sensitivities of the assays are 2 mIU/ml, 0.02 mg/
dL, and 1.2 mmol/L. The inter-assay coefﬁcients of variation were
4.2% and 2.9% at 10.0 and 47.8 mIU/ml, respectively, for insulin; 6.6%,
6.2% and 8.3% at 1.64, 7.83 and 88 mg/dL, respectively, for CRP;
13.1% and 9.8% at 12.1 and 20.3 mmol/L, respectively, for
homocysteine.
Glucose was measured by a standard procedure using the Vitros
Chemistry System. The analysis is based on the glucose oxidasecatalyzed reaction of glucose with molecular oxygen, followed by
a second reaction that produces a highly colored red dye. The intensity of the color is proportional to the amount of glucose in the
sample.
HDL was isolated from serum samples using a precipitationbased method and HOI was measured using a DCF-based ﬂuorescent assay as described [10,12]. Prior to each experiment, 1 ml
of 0.1 M NaOH was added to 250 ml of stock dichloroﬂuorescein
diacetate (DCF-DA) and incubated at room temperature while
protected from light for 30 min. The reaction was stopped by
neutralizing the solution with 8.75 ml of 0.1 M phosphate buffered saline (PBS), resulting in the conversion of DCF-DA to
dihydrodichloroﬂuorescein (DCFH). Upon oxidation, DCFH
transforms into DCF. We evaluated HDL anti-oxidant capacity by
assessing its ability to inhibit LDL oxidation by air, measured by
DCF ﬂuorescence. The change in ﬂuorescence intensity is the
result of the oxidation of DCFH induced by free radicals generated in the oxidation of human LDL in the absence or presence of
the test HDL. 12.5 ml of human LDL (50 mg LDL cholesterol/ml)
was mixed with 12.5 ml of test human HDL (50 mg HDL cholesterol/ml), and 75 ml of TriseHCL buffer (pH7.4) in black, ﬂat
bottom polystyrene microtiter plates and incubated at 37  C for
60 min. 25 ml of DCFH solution (50 mg/ml) was added to each
well, mixed, and incubated at 37  C for 2 h. Fluorescence intensity was determined with a plate reader (SynergyMx, BioTek,
Vermont, USA) at an excitation wavelength of 485 nm and
emission wavelength of 530 nm. A sensitivity level slit width of
9 nm was used for excitation and emission. This assay has shown
to have a coefﬁcient of variation of less than 10% between
different plates and different days, as far as 2 months apart, with
the use of two concentrations of HDL (Supplementary Figure S1).
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The assay also showed a high level of reproducibility between
different operators with markedly signiﬁcant inter-user correlation (r ¼ 0.74, p ¼ 0.0003).
Assays were conducted in 96-well plates using the same batch
of LDL and DCFH-DA for all the assays. Two controls for normal HDL
and dysfunctional HDL were included in each assay plate, run on
the same or different days. The normal HDL control was separated
after dextran sulfate precipitation of plasma obtained from a
healthy human donor. The dysfunctional HDL control was prepared
by incubating plasma from a healthy human donor at room temperature for 96 h (air-induced dysfunctional HDL) as described [12],
followed by separation with dextran sulfate precipitation. The DCF
ﬂuorescence data was converted into an HDL oxidant index (HOI)
that equaled the ratio of ﬂuorescence in the presence of HDL
divided by the ﬂuorescence in the absence of HDL. An index <1.0
denotes protective anti-oxidant HDL, while an index >1.0 denotes
pro-oxidant HDL. The HOIs for the normal and dysfunctional HDL
controls measured in all the assays were 0.244 þ/ 0.014 and
1.433 þ/ 0.036 with coefﬁcient of variations of 5.8% and 2.6%,
respectively. Each HOI value in the analysis is the mean of duplicate
measurements. To rule out the possibility of albumin contamination inﬂuencing our results, we selected 12 of the 44 samples
analyzed and reran the assays where the HDLs were separated by
ultracentrifugation using deuterium/sucrose buffers as described
[10] and compared the two sets of results. Additional details are
provided in the Supplemental material and Supplemental
Figures S2eS4.
Paraoxonase 1 (PON1) enzymatic activity was measured by the
rate of hydrolysis of paraoxon as reported [10]. Brieﬂy, 1.0-mM
paraoxon (SigmaeAldrich), freshly prepared in 195 mL of 50-mM
glycine buffer containing 1-mM calcium chloride (pH 10.5) was
incubated at 37  C with 5 mL of serum for 10 min in 96 well plates.
Formation of p-nitrophenol was monitored at 412 nm and activity
was expressed as mmol p-nitrophenol/L/plasma/min.
2.4. Statistical analysis
The distribution of subjects’ health and anthropometric characteristics were calculated overall and by HOI index. Differences
were assessed using Fisher’s exact test for categorical data and
Wilcoxon rank-sum tests for continuous variables. Pearson correlation coefﬁcients were calculated between HOI and other variables
of interest. The associations between HOI and other variables were
assessed using linear regression analysis, since values of HOI ranged
from 0 to 2. P-values from linear regression models were calculated
using a t-test. Individuals with a history of recent infection (n ¼ 4)
were excluded from analyses. Variables evaluated for confounding
and subsequently dropped for lack of evidence included sex, BMI,
race, and second hand smoke exposure. Cardiovascular risk factors
and biomarkers of interest that were evaluated as correlates of HOI
included systolic and diastolic blood pressure, pulse, CIMT, YEM,
carotid distensibility, carotid stiffness beta index, HDL and LDL
cholesterol, the atherogenic index of plasma (AIP), deﬁned as the
logarithmic transformation of the ratio of plasma triglyceride level
to HDL level, total triglycerides, hsCRP, homocysteine, glucose and
insulin. A ﬁnal parsimonious model included age, LDL, hsCRP, DBP
and PON1 activity. All continuous variables were scaled to a 1 SD
change.
We evaluated the associations between cardiovascular risk
factors and biomarkers with pro-oxidant HDL function (deﬁned as
HOI  1) compared to anti-oxidant HDL function (HOI < 1) using
logistic regression models adjusted for the same covariates as in
the linear model. Regression procedures were conducted in SAS
[20]. All statistical testing was conducted with a two-sided alpha
level of 0.05.
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3. Results
Of the 50 subjects enrolled, ﬁve were excluded because their
blood samples were hemolyzed, and one was excluded due to
smoking, and 4 were excluded because they had a history of recent
infection, resulting in a ﬁnal sample size of 40 subjects. Of these, 15
(38%) were male and the median age was 19 (1) years old
(Tables 1 and 2). Nine subjects (23%) had an HOI  1, indicating prooxidant HDL. HOI function did not vary by sex, race or physical
activity. Median (IQR) CIMT and carotid stiffness b index were 600
(87) mm and 6 (3), respectively. Descriptive statistics for selected
cardiovascular risk factors are shown in Table 2. No subjects had
total cholesterol levels greater than 200 mg/dL or triglyceride levels
greater than 150 mg/dL. Notably, LDL cholesterol level, total
cholesterol, and PON1 activity were all higher in subjects with
HOI  1 (Table 2). Pulse was somewhat higher, and pulse pressure
lower in subjects with HOI  1 compared to those with HOI < 1.
Age, LDL, hsCRP, and PON1, but not HDL, were associated with
HOI level in univariate linear regression models (Fig. 1, Table 3). In
multivariate models that mutually adjusted for these variables,
only LDL and PON1 remained associated with HOI (Table 3). A 1 SD
increase in LDL (20 mg/dL) and in PON activity (0.4) was associated
with a 0.13 (95% CI 0.04, 0.22) and 0.10 (95% CI 0, 0.19) increase in
HOI, respectively, after adjusting for age, DBP and hsCRP. DBP,
hsCRP, AIP, pulse pressure, homocysteine, glucose, insulin, CIMT
and measurements of arterial stiffness were not associated with
HOI in this population in the multivariate model.
An additional evaluation of cardiovascular risk factors and prooxidant HDL (HOI  1) versus anti-oxidant HDL (HOI < 1) using a
logistic regression model broadly supports these results (Table 4). A
1 SD increase in LDL (20 mg/dL) was associated with a 4.7-fold (95%
CI 1.5, 14.9) increase in the odds of having pro-oxidant HDL whereas
a 1 SD (0.4) increase in PON1 activity was associated with a 3.7-fold
increase (95% CI 1.2, 11.3) in odds of pro-oxidant HDL in a univariate
model. Similar patterns were observed in the multivariate model
although the estimates became more unstable given the small
sample size and use of categorical data.
4. Discussion
In a small population of healthy young adults, increases in LDL
level and PON1 activity were associated with decreased HDL antioxidant capacity. This study also suggested associations between
hsCRP and DBP with HDL anti-oxidant function.
Like similar metrics of HDL function [7,9], HOI quantiﬁes the
ability of HDL to inhibit LDL oxidation and thereby assesses
whether HDL has anti-oxidant or pro-oxidant properties [10].
Importantly, HDL anti-oxidant capacity may be a better predictor of
cardiovascular health outcomes than HDL level alone [7,9]. Metrics
of HDL function have not been widely assessed in healthy or young

Table 1
Baseline characteristics of 40 TROY subjects, by HDL oxidant index (HOI).
Overall (N ¼ 40)

Male
Ethnicity
Hispanic white
Non-hispanic white
Other
Current second
hand smoke
exposure

HOI < 1
(N ¼ 31)

HOI >¼ 1
(N ¼ 9)

Count

%

Count

%

Count

%

15

37.5

13

41.9

2

22.2

12
14
14
18

30.0
35.0
35.0
45.0

10
11
10
15

32.3
35.5
32.3
48.4

2
3
4
3

22.2
33.3
44.4
33.3

Fisher’s
exact
p-value
0.44
0.89

0.48
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Table 2
Distribution of covariates in 40 TROY subjects, by HOI.
Variable

Age at CIMT
AIP
BMI (kg/m)
Carotid distensibility (1/mmHg)
Carotid stiffness b index
CIMT (mm)
Creatinine (mg/dL)
Diastolic blood pressure (mmHg)
Glucose mg/dL
HDL (mg/dL)
Height (cm)
Homocysteine (mmol/L)
hsCRP (mg/L)
Insulin (mIU/mL)
LDL (mg/dL)
PON activity
Pulse
Pulse pressure
Systolic blood pressure (mmHg)
Total cholesterol
Triglycerides (mg/dL)
Triglycerides/HDL ratio
Youngs elastic model (mmHg)

Overall (N ¼ 40)

HOI < 1 (N ¼ 31)

HOI >¼ 1 (N ¼ 9)

Median

Inter quartile range

Median

Inter quartile range

Median

Inter quartile range

18.8
0.2
22.0
0.004
6.1
599.5
0.7
57
80
53
169.5
7.2
0.3
5.2
81.5
0.4
59
48.5
107.5
150
65
1.2
2488.8

0.9
0.8
3.5
0.002
2.6
86.8
0.2
7.5
7
17
13.5
2.1
0.7
4.7
29
0.2
11.5
13
13
27.5
47
1.2
1346.2

18.8
0.2
22.2
0.004
6.2
597
0.8
57
80
53
173
6.9
0.3
4.9
77
0.4
58
50
109
148
60
1.2
2524.3

0.8
1.0
3.5
0.002
2.4
79.5
0.2
10
7
21
14
2.5
0.6
5.5
31
0.2
9
13
10
25
47
1.4
1336.0

18.8
0.4
21.3
0.005
4.9
602
0.7
58
81
52
167
7.6
0.4
5.4
106
0.5
67
42
102
172
80
1.4
2395.7

1.9
0.6
2.5
0.002
3.0
109
0.1
3
2
7
6
1.1
0.6
3.8
22
0.2
14
11
14
24
46
1.0
1179.8

Wilcoxon p-valuea

0.90
0.39
0.29
0.63
0.52
0.97
0.76
0.24
0.27
1.00
0.25
0.90
0.17
0.27
0.01
0.02
0.07
0.08
0.43
0.01
0.17
0.39
0.50

AIP: atherogenic index of plasma.
a
p-value is from 2-sided t-test approximation.

populations, thus little is known about their relation to other
typical cardiovascular risk factors.
We observed that LDL level, but not HDL level, was signiﬁcantly
associated with increased HOI in young adults. In contrast, the
high-density lipoprotein inﬂammatory index (HII), a metric similar
to HOI that measures the ability of HDL to mitigate oxidation of
low-density lipoprotein as well, was inversely associated with HDL
and positively associated with triglycerides and AIP, but was not
associated with LDL level [7]. We also evaluated the AIP and found
it to be marginally positively associated with HOI in univariate
analyses but not in multivariate analyses. In the study by Patel et al.,
HDL function was evaluated in older subjects with coronary disease
in both of these studies. No data currently exist that evaluate HDL
function in young and healthy adults. Moreover, some of the differences in associations may also be due to differences in the
assessment of HII or HOI. For instance, in their HDL protection
assay, Patel et al. used a ﬁxed volume of the HDL containing supernatant, obtained after precipitation of apoB by polyethylene
glycol, and controlled for HDL concentration with post hoc analysis
[7] while we used a ﬁxed amount of HDL cholesterol in our assay by
measuring the HDL concentration in each sample and titrating
equal amounts of HDL in each assay. This could have led to a
negative association between HII and HDL cholesterol levels in
their study as their post hoc analyses may not have completely
controlled for the bigger protective effects that would be expected
from using higher levels of normal anti-oxidant HDL, while in our
study, the HDL anti-oxidant function was completely independent
of the HDL cholesterol levels.
Unexpectedly, we also observed a positive association between
plasma PON activity and HOI. PON1 is an HDL-associated protein in
the serum that prevents LDL oxidation and is therefore a potent
anti-oxidant [21]. Most studies of PON1 and HDL have demonstrated an inverse association [21e23]. For instance, Besler et al.
observed that in the HDL from patients with coronary artery disease (HDLCAD) as compared to HDL from healthy controls
(HDLHealthy), PON1 content was increased while the enzymatic activity was decreased in HDLCAD. [24,25] Similarly, Jaouad et al. found

that HDL oxidation resulted in degradation of PON1 paraoxonase
activity [26].
PON1 genotypes are also known to affect the susceptibility of
LDL and HDL to lipid peroxidation as well as HDL anti-oxidant
capacity, further complicating these comparisons [27]. It is
possible that the associations between PON1 activity and HDL
anti-oxidant function and the directionality of potential causality
may depend on the population under study and morbid conditions. Thus, decreased PON1 activity as observed in patients with
coronary artery disease and diabetes [24,25,28] may be causally
related to decreased HDL anti-oxidant capacity. This would be
consistent with our recent observations that ApoE null mice
exposed to diesel exhaust emissions for two weeks exhibited
decreased PON1 activity and increased HOI as compared with
control animals exposed to ﬁltered air [10]. However, in young
healthy patients such as in the current study, an increase in PON1
activity may be reactive and consequential to decreased HDL
anti-oxidant capacity and greater HOI values. We hypothesize
that the increase in PON1 activity in this population setting could
be one of the mechanisms through which the body attempts to
restore the HDL anti-oxidant capacity that may have been
reduced by other factors.
High sensitivity CRP was associated with HOI in univariate but
not multivariate analyses. Interestingly, when the four individuals
with recent history of infection were included in the models, the
association between hsCRP and HOI strengthened. High sensitivity
CRP is a risk factor for CVD [29,30] which can be responsive to drug
treatment in a similar fashion as lipids [29,31,32]. CRP and HDL
level jointly predict CVD mortality, suggesting an interactive relationship that may contribute to underlying inﬂammatory processes
[33]. HII was also associated with CRP [7]. These data, as well as
ours, support the notion that HDL function may be altered under
inﬂammatory conditions.
Several limitations to the current study should be noted. The
study was cross-sectional in nature, making temporal separation of
cause and effect difﬁcult. Although the investigation was small in
size, it was adequately powered to detect all effects except
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Fig. 1. Associations between a) LDL, b) hsCRP, c) PON1, d) HDL and e) age with HOI level in univariate linear regression models. Pearson correlation coefﬁcients and p-values from ttests are shown.

homocysteine and carotid stiffness beta index, thus limiting our
ability to draw conclusions for these variables, particularly with
regard to arterial stiffness. It is also possible that differences in
other factors, such as diet and physical activity, could explain the
observed associations. Diet was not assessed and remains a limitation of this study. We only evaluated HDL anti-oxidant function.
Additional studies are required to evaluate the predictors of other
HDL functions, such as anti-inﬂammatory and reverse cholesterol
transport capacities, especially since different protective capacities

correlate with different cardiovascular outcomes. We evaluated
HOI using a precipitation-based method, which leaves open the
possibility for albumin contamination. However, we compared
HOIs determined with HDL separated by dextran sulfate precipitation with HOIs determined with HDL separated by ultracentrifugation and found them to be highly comparable (Supplementary
Figures S2eS4). Lastly, college students may not be representative
of the general young adult population and therefore the results may
not be generalizable.

170

C.V. Breton et al. / Atherosclerosis 232 (2014) 165e170

Table 3
Cardiovascular risk factors associated with HOI in univariate and multivariate
models (N ¼ 40).
Effect

Age
LDL (mg/dL)
PON1 activity
DBP (mmHg)
hsCRP (mg/L)
a

Univariate model

ba

95% CI

0.13
0.14
0.14
0.09
0.21

0.01
0.05
0.04
0.01
0.02

0.25
0.23
0.24
0.19
0.39

p-value

0.04
0.003
0.01
0.08
0.03

Adjusted model

ba

95% CI

0.05
0.13
0.10
0.07
0.06

0.08
0.04
0.00
0.02
0.13

0.19
0.22
0.19
0.16
0.25

p-value

0.42
0.01
0.05
0.13
0.52

All variables were scaled to 1SD.

Table 4
Cardiovascular risk factors associated with an increased odds of having pro-oxidant
HDL (HOI  1) in univariate and multivariate models (N ¼ 40).
Variable

Univariate model
OR

Age
LDL (mg/dL)
PON1 activity
DBP (mmHg)
hsCRP (mg/L)
a

a

1.11
4.65
3.69
1.50
2.58

95% CI
0.48
1.45
1.20
0.73
0.69

2.60
14.93
11.28
3.10
9.59

Adjusted model
p-value

ORa

95% CI

0.80
0.01
0.02
0.27
0.16

0.19
6.60
24.19
5.59
3.22

0.02
0.84
1.95
0.87
0.17

p-value
1.76
51.81
299.63
35.81
59.32

0.14
0.07
0.01
0.07
0.43

All variables were scaled to 1SD.

5. Conclusions
Our results suggest that in healthy young adults, LDL and PON1
activity might predict HDL anti-oxidant function. Although results
from investigations into the importance of HDL anti-oxidant function in older and diseased subjects are currently emerging, the
question of how early these associations can be demonstrated, and
whether the relationships are the same in healthy individuals, remains a topic of intense interest and relevance to the ﬁeld.
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