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BACKGROUND: Cholesterol Efflux Capacity (CEC) is considered to be a key atheroprotective prop-
erty of high-density lipoproteins (HDL). However, the role of HDL-CEC in atherosclerosis and cardio-
vascular (CV) risk is still controversial, and data in individuals with diabetes are limited.

OBJECTIVE: In this study, we have investigated the relationship of CEC and other HDL character-
istics with clinical and subclinical atherosclerosis in subjects with elevated cardiovascular diseases
(CVD) risk and Type 2 Diabetes Mellitus (T2DM).
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Cholesterol efflux
capacity
METHODS: Using multiple linear regression analyses, we determined the relationship of HDL-CEC
with carotid intima-media thickness (cIMT, Z-Score), an endothelial dysfunction (EnD) Score (Z-
Score), prevalent CVD (n 5 150 cases) and history of CV events (CVE, n 5 85 cases) in an observa-
tional cohort (CODAM, n 5 574, 59.6 6 0.3 yr, 61.3% men, 24.4% T2DM). Stratified analyses were
performed to determine if the associations differed between individuals with normal glucose meta-
bolism (NGM) and those with disturbed glucose metabolism.

RESULTS: HDL-CEC was not associated with either marker of atherosclerosis (cIMT, EnD Score)
nor with CVD or CVE. In contrast, other HDL characteristics that is, HDL-Cholesterol (HDL-C, Z-
Score), apolipoprotein A-I (apoA-I, Z-Score), HDL size (Z-Score) and HDL particle number (HDL-
P, Z-Score) were inversely and significantly associated with the EnD Score (s 20.226 to 20.097,
P , .05) and CVE (ORs 0.61 to 0.68, P , .05). In stratified analyses, HDL size and HDL-P were
significantly associated with the EnD Score in individuals with NGM (Pinteraction .039 and .005, respec-
tively), but not in those with (pre)diabetes. HDL-C and apoA-I were inversely associated with prevalent
CVD in individuals with (pre)diabetes (Pinteraction 5 .074 and .034, respectively), but not in those with
NGM.

CONCLUSION: HDL-CEC is not associated with clinical or subclinical atherosclerosis, neither in
the whole population nor in individuals with (pre)diabetes, while other HDL characteristics show athe-
roprotective associations. The atheroprotective associations of HDL-size and HDL-P are lost in (pre)
diabetes, while higher concentrations of HDL-C and apoA-I are associated with a lower prevalence
of CVD in (pre)diabetes.
� 2020 National Lipid Association. All rights reserved.
Introduction

High-density Lipoprotein (HDL) is well known for its
cardioprotective effect, resulting from, among others, its
antiinflammatory and endothelial protective properties. The
key cardioprotective effect of HDL is thought to originate
in its cholesterol efflux capacity (HDL-CEC), which
represents the first step in reverse cholesterol transport.1,2

Since up till now, the results of HDL Cholesterol (HDL-
C) raising trials have been disappointing,3,4 the importance
of HDL function in cardiovascular diseases (CVD) has
become a topic of major interest over the last few years.

HDL-mediated cholesterol efflux may lead to choles-
terol reduction in the atherosclerotic plaque by promoting
the removal of excess cholesterol from plaque macrophage
foam cells and transporting it back to the liver for its
excretion into the bile.5,6 So far, animal studies showed a
link between macrophage-specific cholesterol efflux and
prevention of atherosclerosis.7–10 Further, functional HDL
was shown to promote atherosclerosis regression.11,12 How-
ever, it has also been shown that, besides antiinflammatory
effects,13 cholesterol efflux can also exert proinflammatory
effects on mouse and human macrophages, which are
thought to be detrimental for atherosclerosis.14,15 In human
studies, an inverse association between HDL-CEC and the
prevalence16 and incidence of CV events (CVE)17–19 was
shown, which remained present after adjustment for CV
risk factors, including HDL-C,19 HDL-C and apoA-I,16,18

and HDL-C and HDL particle number (HDL-P).17 In
contrast, another study showed that a higher HDL-CEC
was associated with increased risk of incident CVE, also af-
ter adjustment for CV risk factors, including HDL-C and
LDL-C.20 The reasons for these apparent discrepancies
are currently unclear.
Diabetes increases the risk of CVD by 2 to 4-fold.21

While the underlying mechanisms remain to be fully under-
stood, altered levels or impaired functions of circulating li-
poproteins are likely to be involved. Some studies have
shown that HDL-CEC is impaired in patients with insulin
resistance22 and type 2 diabetes mellitus (T2DM),18,23 but
other studies did not find any difference24 or even increased
HDL-CEC compared to healthy controls.25–29 While CV
outcome studies demonstrated that HDL-CEC did not differ
between non-T2DM and T2DM subjects, they showed that
statin treatment in both groups leads to an increase in HDL-
CEC, which correlates with beneficial changes on plaque
morphology.30,31

Taken together, the outcomes of human studies on the
relationship between HDL-CEC and CVD have been
controversial, and data in individuals with diabetes are
limited. The goal of this study was to evaluate the
associations of HDL-CEC and other characteristics of
HDL on (sub)clinical atherosclerotic disease, as repre-
sented by carotid intima-media thickness (cIMT) and an
endothelial dysfunction Score (EnD Score), prevalent CVD
and history of CVE. In addition, we determined whether
such associations differ between individuals with normal
glucose metabolism (NGM) and those with prediabetes or
diabetes (hereafter referred to as (pre)diabetes) and are the
first to report on the relationship of CEC with CVD/CVE in
individuals with (pre)diabetes. This evaluation was done in
a well-established human cohort that is characterized by a
moderately increased risk of cardiometabolic disease, that
is, the Cohort on Diabetes and Atherosclerosis Maastricht
(CODAM). We hypothesized that a higher HDL-CEC is
associated with less (sub)clinical atherosclerotic disease
and that this association is attenuated in individuals with
(pre)diabetes.
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Patients & methods

Study population

CODAM includes 574 participants who were selected
from a large cohort in the general population (.20,000)
based on an elevated risk of T2DM and CVD, as described
elsewhere.32 Inclusion criteria were Caucasian descent, age
.40 years, and one or more cardiometabolic risk factors
(ie, BMI . 25 kg/m2, use of antihypertensive medication,
positive family history of T2DM, history of gestational dia-
betes and/or glycosuria). The CODAM study was approved
by the Medical Ethics Committee of the Maastricht Univer-
sity Medical Center. All participants gave written informed
consent, and the described methods were carried out in
accordance with the approved guidelines. Of the 574 partic-
ipants, 25 had missing data on HDL characteristics, and 16
had missing covariates leaving n 5 533 for complete case
analyses with the EnD Score, CVD, or CVE as outcomes
(NGM n 5 279, (pre)diabetes n 5 254). N 5 37 also
had missing data on cIMT leaving n 5 496 (NGM
n 5 268, (pre)diabetes 5 228).

All participants were asked to stop their lipid-modifying
medication 14 days and all other medications on the day
before the measurements (.80% adherence). Blood sam-
ples were obtained by venipuncture after an overnight fast,
and plasma aliquots were stored at 280�C until use. All
participants underwent an oral glucose tolerance test
(except those with established T2DM), and were catego-
rized as having normal glucose metabolism (NGM),
impaired glucose metabolism (IGM, ie, prediabetes) or
T2DM as previously described.32–34 Glycated hemoglobin
(HbA1c) was determined as previously described.25

Cardiovascular measures

Carotid intima-media thickness (cIMT)
cIMTwas measured at the left and right common carotid

artery 10–20 mm proximal to the carotid bulb with an
ultrasound imaging device as reported previously.35

Endothelial dysfunction (EnD) score
Soluble intercellular adhesion molecule (sICAM-1), solu-

ble vascular cell adhesion molecule (sVCAM-1), and soluble
endothelial selectin (sEsel) were measured using ELISA
assays in serum or EDTA plasma. The measurements were
calibrated after cross-validation as described elsewhere.36

Baseline von Willebrand factor (vWF) was measured with
an in-house ELISA in citrated plasma as described.37

Cardiovascular events (CVE)
CVE was defined as the occurrence of myocardial

infarction (MI), coronary bypass, percutaneous coronary
intervention and/or stroke reported by questionnaires, as
well as signs of MI on an electrocardiogram (Minnesota
codes 1–1 or 1–2), as reported earlier.32
Cardiovascular diseases (CVD)
Prior CVD was defined by the self-reported history of

CVE. CVD additionally included signs of coronary
ischemia (Minnesota codes 1-3, 4-1, 4-2, 4-3, 5-1, 5-2, 5-
3, or 7-1); nontraumatic limb amputation; and/or ankle-
brachial index ,0.9.32

HDL characteristics

HDL-C was determined in EDTA plasma using the HDL-
C plus assay (Roche Diagnostics, Mannheim, Germany),
and apoA-I was determined by immunoephelometric assays
as reported earlier.32 HDL size and HDL-P were measured
using nuclear magnetic resonance spectroscopy as described
previously (available at www.nightingalehealth.com).38

Cholesterol efflux capacity (HDL-CEC)
The measurement of Cholesterol Efflux Capacity was

done exactly, as described elsewhere.24 Briefly, HDL-CEC
toward apoB-depleted plasma was measured using THP-1
human monocytes that were differentiated into macro-
phages by the addition of 100 nM phorbol myristate acetate
(PMA).39,40 Differentiated THP-1 macrophages were then
loaded with acetylated LDL (50 mg protein/mL) and
1 mCi/ml 3H-cholesterol (PerkinElmer, Boston, MA) for
24 hours followed by equilibration for 24 hours in RPMI
1640 medium containing 2% bovine serum albumin.40 Af-
ter equilibration, efflux towards 2% apoB-depleted plasma
was performed for 5 hours. ApoB-depleted plasma was
generated by precipitating apoB-containing lipoproteins us-
ing polyethylene glycol (PEG 600, Sigma, St Louis, MO) in
10 mM HEPES (pH 0 8.0 5 according to a commonly used
protocol).16–18,24,41 CEC measurements were performed in
duplicates and at the same time, using the same reagents
to limit potential variations due to different assay condi-
tions. Values for HDL-CEC were normalized using a stan-
dard curve of different concentrations of pooled apoB-
depleted control plasma to correct for potential inter-
assay variation across plates and expressed in arbitrary
units.41 The intraassay CV of the method was previously
determined to be 5.4%, the interassay CV 7.9%.24,41

Other covariates

BMI was calculated as weight (kg)/height (m) squared.42

Waist circumference was measured as before.35 Smoking
behavior, physical activity,43 dietary calorie intake,33 use
of antihypertensive, glucose-lowering, and lipid-medica-
tion42 was assessed with on-site administered questionnaires.
Blood pressure was measured as described before.24 LDL-C
was calculated with the Friedewald formula.32 Triglycerides
(TGs) and apoB were determined as reported earlier.32

Statistical analyses

Categorical variables are presented as frequencies and
percentages. Normally distributed continuous variables are

http://www.nightingalehealth.com


Table 1 Characteristics of the study participants divided in CEC tertiles

Variables

Total population CEC tertiles

N 5 533 Lowest (N 5 181) Middle (N 5 180) Highest (N 5 172) P-value*

age (y) 59.6 6 7.0 59.1 6 7.4 60.0 6 6.6 59.8 6 6.8 .385
sex (%men) 61.3 67.4 61.1 54.9 .054
cIMT (mm)† 0.78 6 0.16 0.78 6 0.16 0.79 6 0.15 0.77 6 0.17 .562
EnD Score (SD) 20.00 6 0.65 0.02 6 0.66 20.01 6 0.62 20.02 6 0.7 .79
CVD (%) 28.1 31 28.3 24.9 .438
CVE (%) 16.0 16.8 18.3 12.7 .332
Glucose metabolism (%)
NGM/IGM/T2DM 52.5/23.3/24.3 52.2/21.2/26.6 47.2/28.9/23.9 58.4/19.7/22.0 .11

Hb1Ac (%) 6.0 6 0.8 6.0 6 0.9 5.9 6 0.8 5.9 6 0.8 .572
FPG (mmol/L) 5.6 [4.4–6.7] 5.6 [4.4–6.8] 5.7 [4.4–6.9] 5.5 [4.3–6.6] .321
Use of Medication (%)
Lipid-lowering 18.8 20.7 20.6 15 .304
Glucose-lowering 12.5 14.7 11.7 11 .530
Antihypertensive 38.5 42.9 38.3 34.1 .231

BMI (kg/m2) 28.5 6 4.4 28.7 6 4.2 28.2 6 4.4 28.7 6 4.6 .464
smoking (%) 20.3 22.3 23.3 15 .137
Waist circumference (cm)
Men 101.9 6 10.9 102.9 6 11.2 100.7 6 10.3 102.0 6 11.4 .32
Women 94.9 6 12.5 95.2 6 11.8 93.8 6 11.9 95.5 6 13.4 .703

physical Activity (mets/d) 6633 6 4164 6578 6 4479 7158 6 4427 6140 6 3431 .07
caloric intake (kJ/d) 9264 6 2815 9643 6 2853 9219 6 2838 8909 6 2714 .046
diastolic BP (mmHg) 81.6 6 9.1 81.6 6 9.3 81.8 6 9.2 81.5 6 8.7 .961
systolic BP (mmHg) 140.1 6 19.0 139.1 6 17.8 141.6 6 19.4 139.6 6 19.9 .409
HDL-CEC 1.3 6 0.3 1.0 6 0.1 1.3 6 0.1 1.7 6 0.2 ,.001
HDL-C (mmol/L) 1.2 6 0.4 1.0 6 0.3 1.2 6 0.3 1.4 6 0.4 ,.001
ApoA-I (g/L) 1.5 6 0.2 1.3 6 0.2 1.5 6 0.2 1.6 6 0.2 ,.001
HDL size (nm) 9.9 6 0.2 9.8 6 0.2 10.0 6 0.2 10.0 6 0.2 ,.001
HDL-P (mmol/L) 7.0 [5.8–8.2] 6.6 [5.6–7.5] 7.1 [6.0–8.1] 7.4 [6.1–8.8] ,.001
LDL-C (mmol/L) 3.3 6 0.9 3.3 6 0.8 3.3 6 0.9 3.3 6 0.9 .57
ApoB (g/L) 1.1 6 0.24 1.1 6 0.2 1.1 6 0.2 1.1 6 0.3 .309
VLDL size (nm) 36.7 6 1.1 36.8 6 1.0 36.7 6 1.1 36.6 6 1.1 .101
TG (mmol/L) 1.4 [0.5–2.3] 1.4 [0.5–2.3] 1.4 [0.4–2.4] 1.2 [0.2–2.2] .174

EnD score, endothelial dysfunction score; CVD, cardiovascular diseases; CVE, CV events; NGM, normal glucose metabolism; IGM, impaired GM; T2DM,

type 2 diabetes mellitus; Hb1Ac, hemoglobin A1c; FPG, fasting plasma glucose; BMI, body mass index; BP, blood pressure; CEC, cholesterol efflux

capacity; HDL-C, high density lipoprotein Cholesterol; apoA-I, apolipoprotein A-I; HDL-P, HDL particle number; LDL-C, low density lipoprotein

Cholesterol; ApoB, apolipoprotein B; VLDL, very low density lipoprotein; TG, triglyceride.

Values are mean 6 SD for continuous variables with normal distribution and median [Interquartile range] for continuous variables with skewed

distribution.
*Variables with skewed distribution were In-transformed prior to t-test.

†n 5 496, cIMT indicates carotid intima-media thickness.
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presented as mean 6 standard deviation, skewed variables
are presented as median with interquartile range (IQR).
Skewed variables (ie, fasting plasma glucose (FPG), HDL-
P, TG, and EnD markers) were ln-transformed to achieve
normal distribution prior to analysis.

For defining an overall measure of endothelial dysfunc-
tion, a composite score was calculated using sICAM-1,
sVCAM-1, sEsel, and vWF. For this, each individual ln-
transformed biomarker measurements were first standard-
ized and the individual Z-Scores were averaged into the
endothelial dysfunction score (EnD Score). For allowing a
direct comparison of the effect sizes for the EnD Score and
cIMT, cIMT was also standardized. For the same reason,
HDL characteristics were also converted into their respec-
tive Z-Scores.

Cross-sectional associations of HDL characteristics
(HDL-CEC, HDL-C, apoA-I, HDL size, HDL-P) with the
EnD Score (N 5 533) and with cIMT (N 5 496) were
investigated using linear regression analysis. Logistic
regression analyses were done for CVD (N 5 533, 150
CVD cases) and CVE (N5 533, 85 CVE cases). All regres-
sion coefficients are presented as crude effect sizes (Model
1) and adjusted for several potential confounders: Model 2:
adjusted for age (yrs) and sex, Model 3 (full model): addi-
tionally adjusted for smoking (%), physical activity (mets/
d), caloric intake (KJ/d), use of glucose-lowering, lipid-
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modifying, and antihypertensive medication (all yes/no),
BMI (kg/m2), systolic blood pressure (mmHg), diastolic
blood pressure (mmHg), fasting plasma glucose (mmol/
L), IGM (yes/no), T2DM (yes/no).

To determine if the associations differed between in-
dividuals with NGM and those with disturbed glucose
metabolism (prediabetes or diabetes), we repeated the
above-mentioned analyses stratified according to normal
or disturbed glucose metabolism. We also performed an
interaction analysis by adding interaction terms (HDL
characteristic [eg, HDL-CEC] ! glucose metabolism
[normal or disturbed]) to the main analyses.

HDL-CEC was significantly higher in women compared
to men, but the strength of association of HDL-CEC with
cIMT, EnD Score, CVD and CVE did not differ between
women and men.

Statistical analyses were performed using IBM SPSS
Statistics Version 23. For the main effects P , .05, and for
interaction terms Pinteraction , .10 was considered statisti-
cally significant.

Results

The CODAM study population

The overall characteristics of the CODAM study as a
whole and across tertiles of HDL-CEC are shown in
Table 1. For the total population, the mean age was
59.6 6 7.0 years, 61.3% were men, and 24.2% had
T2DM. Mean values for systolic blood pressure were
Table 2 Relationship of HDL-CEC and other HDL characteristics with

HDL-characteristic (Z-Score) Model

cIMT (Z-Score)

N 5 496

std b 95% CI

HDL-CEC 1 20.037 20.126; 0.0
2 20.027 20.113; 0.0
3 20.022 20.106; 0.0

HDL-C 1 20.127 20.215; 20
2 20.090 20.179; 20
3 20.071 20.164; 0.0

ApoA-I 1 20.089 20.178; 0.0
2 20.044 20.135; 0.0
3 20.039 20.132; 0.0

HDL size 1 20.093 20.180; 20
2 20.054 20.144; 0.0
3 20.030 20.123; 0.0

HDL-P 1 20.076 20.166; 0.0
2 20.021 20.114; 0.0
3 20.060 20.154; 0.0

Std b, standardized regression coefficient.

Linear regression analyses, Model 1: crude, Model 2: adjusted for age, s

(antihypertensive, glucose- and lipid-lowering), physical activity, caloric int

glucose metabolism state.
140.1 6 19.0 mmHg, diastolic blood pressure
81.6 6 9.1 mmHg, and 20% were current smokers.
28.1% and 16.0% were previously diagnosed with CVD
and CVE, respectively. Prevalence of normal glucose meta-
bolism, prediabetes, or diabetes, and Hb1Ac levels were not
significantly different among HDL-CEC tertiles, while
HDL-C, apoA-I, HDL size, and HDL-P were higher in
those individuals who were in the highest CEC tertiles.
cIMT, EnD, CVD, and CVE did not differ among CEC
tertiles.

The associations of HDL-CEC with the atherosclerosis
surrogates (ie, cIMT and EnD Score) are shown in Table 2.
In crude analyses, cIMTwas not associated with HDL-CEC
(b 5 20.04, [95% CI 20.13; 0.05], P 5 .413), but was
significantly and inversely associated with HDL-C, apoA-
I, and HDL-size, but not with HDL-P. These associations
were attenuated and no longer significant in fully adjusted
analyses (HDL-C: b 5 20.07 [20.16; 0.02], P 5 .130;
apoA-I: b 5 20.04 [20.13; 0.05] P 5 .408; HDL size:
b 5 20.03 [20.12; 0.06] P 5 .527). Likewise, HDL-
CEC was not associated with the EnD Score, neither crude
(b 5 20.01 [20.09; 0.08] P 5 .897) nor after adjustment
for potential confounders. In contrast, HDL-C, apoA-I,
HDL size, and HDL-P, were all significantly and inversely
associated with the EnD Score and remained so in the fully
adjusted analyses (HDL-C: b 5 20.23 [20.31; 20.14]
P , .001, apoA-I: b 5 20.16 [20.24; 20.07] P , .001,
HDL size: b 5 20.12 [20.21; 20.03], P 5 .008, HDL-
P: b 5 20.10 [21.8; 20.01], P 5 .028).

Because all the HDL characteristics differed between
CEC tertiles (Table 1), we adjusted the analyses of CEC
cIMT and the EnD Score

EnD (Z-Score)

N 5 533

P-value std b 95% CI P-value

52 .413 20.006 20.092; 0.080 .897
58 .532 20.047 20.131; 0.037 .276
62 .603 20.007 20.085; 0.071 .863
.039 .005 20.292 20.375; 20.209 ,.001
.001 .048 20.335 20.419; 20.252 ,.001
21 .130 20.226 20.312; 20.140 ,.001
01 .051 20.195 20.280; 20.110 ,.001
48 .350 20.240 20.327; 20.152 ,.001
54 .408 20.158 20.244; 20.073 ,.001
.005 .038 20.176 20.260; 20.091 ,.001
35 .235 20.222 20.309; 20.134 ,.001
63 .527 20.118 20.205; 20.031 .008
13 .095 20.061 20.147; 0.026 .168
72 .652 20.085 20.175; 0.006 .066
34 .208 20.097 20.184; 20.011 .028

ex, Model 3 additionally adjusted for smoking, BMI, medication usage

ake, systolic and diastolic blood pressure, fasting plasma glucose, and



Figure 1 Forrest plot indicating the relationship of HDL characteristics and prevalent cardiovascular diseases (CVD) and CV events
(CVE) risk in the whole population, as well as stratified analyses. Logistic regression analyses were adjusted for age, sex, smoking,
BMI, medication usage (antihypertensive, glucose- and lipid-lowering), physical activity, caloric intake, systolic and diastolic blood pres-
sure, fasting plasma glucose, and glucose metabolism state. CVD N 5 383, 150 CVD cases (NGM: N5 279, 67 CVD cases; (pre)diabetes:
N 5 253, 83 CVD cases) and CVE N 5 448, 85 CVE cases (NGM: N 5 279, 39 CVE cases, (pre)diabetes: N 5 254, 46 CVE cases).
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with cIMT and the EnD Score for HDL-C, apoA-I, HDL
size, and HDL-P (Supplemental Table S1). This did not
change the lack of association of HDL-CEC with cIMT
or the EnD Score. We also evaluated if the associations
of the individual HDL-characteristics with the atheroscle-
rosis surrogates were independent of plasma triglyceride
(TG) and LDL-C levels (Supplemental Table S2). When
the analyses presented in Table 2 were additionally adjusted
for TG or LDL-C, the associations between the HDL
Table 3 Relationship of HDL-CEC and other HDL characteristics with

HDL-characteristic
(Z-Score) Model

cIMT (Z-Score)

NGM

N 5 268

std b 95% CI P

HDL-CEC 1 0.062 20.056; 0.179 .3
2 0.059 20.052; 0.170 .2
3 0.061 20.044; 0.167 .2

HDL-C 1 20.057 20.172; 0.058 .3
2 20.035 20.150; 0.079 .5
3 20.044 20.158; 0.070 .4

ApoA-I 1 0.007 20.111; 0.125 .9
2 0.031 20.088; 0.149 .6
3 0.011 20.105; 0.128 .8

HDL size 1 20.088 20.196; 0.021 .1
2 20.061 20.172; 0.050 .2
3 20.055 20.167; 0.056 .3

HDL-P 1 20.007 20.130; 0.115 .9
2 0.043 20.081; 0.167 .4
3 0.006 20.115; 0.128 .9

Std b, standardized regression coefficient.

Linear regression analyses, Model 1: crude, Model 2: adjusted for age, s

(antihypertensive, glucose- and lipid-lowering), physical activity, caloric int

glucose metabolism state.
characteristics and cIMT remained essentially unaltered
(Supplemental Table S2). Further, none of the previously
observed inverse associations of HDL-C, apoA-I, HDL
size, and HDL-P with the EnD Score were affected by addi-
tional adjustment for LDL-C. Adjustment for TG did, how-
ever, slightly attenuate the associations of HDL-size and
HDL-P with the EnD Score (for HDL size to b 5 20.08
[20.18; 0.02] P 5 .103, and for HDL-P to b 5 20.08
[20.17; 0.01] P 5 .068).
cIMT, stratified for normoglycemia and (pre)diabetes

Pint

IGM&T2DM

N 5 228

-value std b 95% CI P-value

03 20.152 20.286; 20.017 .028 .019
96 20.132 20.265; 0.001 .051 .023
55 20.129 20.263; 0.005 .060 .025
28 20.181 20.325; 20.038 .014 .184
45 20.138 20.287; 0.012 .071 .216
46 20.138 20.293; 0.017 .081 .169
05 20.188 20.325; 20.025 .007 .033
11 20.132 20.277; 0.014 .076 .075
48 20.118 20.268; 0.031 .120 .067
14 20.056 20.207; 0.095 .465 .737
79 20.009 20.165; 0.147 .908 .823
29 20.006 20.170; 0.159 .947 .910
09 20.169 20.298; 20.039 .011 .061
96 20.112 20.253; 0.029 .118 .080
19 20.132 20.276; 0.012 .073 .038

ex, Model 3 additionally adjusted for smoking, BMI, medication usage

ake, systolic and diastolic blood pressure, fasting plasma glucose, and



Table 4 Relationship of HDL-CEC and other HDL characteristics with the EnD Score, stratified for normoglycemia and (pre)diabetes

HDL-characteristic (Z-Score) Model

EnD (Z-Score)

Pint

NGM (N 5 279) IGM & T2DM (N 5 254)

std b 95% CI P-value std b 95% CI P-value

HDL-CEC 1 20.079 20.186; 0.028 .146 0.039 20.094; 0.172 .564 .170
2 20.105 20.210; 20.001 .047 0.039 20.093; 0.171 .562 .099
3 20.076 20.177; 0.025 .142 0.064 20.060; 0.188 .312 .211

HDL-C 1 20.269 20.370; 20.168 ,.001 20.242 20.383; 20.101 .001 .755
2 20.330 20.432; 20.228 ,.001 20.278 20.424; 20.132 ,.001 .695
3 20.256 20.362; 20.150 ,.001 20.185 20.330; 20.040 .013 .508

ApoA-I 1 20.216 20.321; 20.111 ,.001 20.125 20.160; 0.010 .069 .290
2 20.288 20.394; 20.181 ,.001 20.144 20.287; 20.001 .049 .162
3 20.225 20.333; 20.117 ,.001 20.071 20.210; 0.067 .312 .102

HDL size 1 20.212 20.310; 20.114 ,.001 20.047 20.195; 0.100 .528 .062
2 20.277 20.378; 20.176 ,.001 20.077 20.231; 0.078 .331 .068
3 20.204 20.309; 20.099 ,.001 0.03 20.119; 0.185 .668 .039

HDL-P 1 20.193 20.304; 20.083 .001 0.038 20.091; 0.166 .564 .005
2 20.252 20.366; 20.138 ,.001 0.045 20.093; 0.182 .523 .002
3 20.205 20.319; 20.092 ,.001 0.037 20.095; 0.168 .582 .006

Std b, standardized regression coefficient.

Linear regression analyses, Model 1: crude, Model 2: adjusted for age, sex, Model 3 additionally adjusted for smoking, BMI, medication usage

(antihypertensive, glucose- and lipid-lowering), physical activity, caloric intake, systolic and diastolic blood pressure, fasting plasma glucose, and

glucose metabolism state.
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Association of HDL characteristics with the
prevalence of CVD and CVE

Next, we performed logistic regression analyses with
prevalent CVD and CVE as outcomes. HDL-CEC was not
associated with CVD or CVE (Fig. 1). Also, none of the
other HDL characteristics were associated with CVD
(Fig. 1, panel a). On the other hand, HDL-C (OR 0.61
[95% CI 0.41; 0.90] P 5 .014), apoA-I (OR 0.67 [95%
CI 0.46; 0.96] P 5 .030), and HDL-P (OR 0.87 [95% CI
0.48; 0.97] P 5 .031) were inversely associated with prev-
alent CVE, whereas HDL size was not (Fig. 1, panel b).
This implies that one standard deviation higher HDL-C,
apoA-I, and HDL-P were associated with approximately
1.6-, 1.5- and 1.2-fold fewer CVE cases, respectively.
None of these associations were dependent on plasma TG
levels or LDL-C (Supplemental Table S3).

Effect of glucose tolerance status on the
associations between HDL characteristics and
prevalent cardiovascular outcomes

Interaction analyses suggested that the strength of the
association of CEC with cIMT (Pinteraction 5 .025) and the
EnD Score (Pinteraction 5 .103) might differ between those
with NGM and those with (pre)diabetes. Stratified analyses
showed that CEC was not significantly associated with
cIMT (Table 3) or the EnD Score (Table 4) in either of
the subgroups (cIMT: NGM b 5 0.06 [20.04; 0.17]
P 5 .25, (pre)diabetes b 5 20.13 [20.26; 0.01]
P 5 .060; EnD Score: NGM b 5 20.08 [20.18; 0.03]
P 5 .142, (pre)diabetes b 5 0.06 [20.06; 0.19],
P 5 .312; full model). Potential interaction was also
observed for the strength of the association of apoA-I
(Pinteraction 5 .067) and HDL-P (Pinteraction 5 .038) with
cIMT, but no significant associations were observed within
the subgroups (NGM or (pre)diabetes, Table 3). The
strength of the associations of HDL-size and HDL-P with
the EnD Score also appeared to differ between NGM and
(pre)diabetes (Pinteraction 5 .039 and .006, respectively).
HDL-size and HDL-P were inversely associated with the
EnD Score in those with NGM, while such association
was not observed in individuals with (pre)diabetes
(Table 4). Notably, a significant inverse association be-
tween HDL-C and the EnD Score was observed in NGM,
as in (pre)diabetes (Pinteraction 5 .508). Additional adjust-
ments for plasma TG and LDL-C levels did not essentially
change the strength of these associations (Supplemental
Tables S4 and S5).

HDL-CEC was not associated with CVD in either NGM
or (pre)diabetes (Fig. 1, panel a). We did observe a differ-
ence in the strength of the association of HDL-C and apoA-
I with CVD (Pinteraction 5 .074 and .034, respectively). In
individuals with NGM (N 5 67 CVD cases) no association
of HDL-C or apoA-I with CVD was observed (HDL-C:
OR 5 0.84 [0.56; 1.25] P 5 .38, apoA-I: OR 0.98 [0.67;
1.44] P 5 .91), while in those with (pre)diabetes (N 5 83
CVD cases), an increase of one unit SD of HDL-C or
apoA-I was associated with 1.5-fold fewer cases (HDL-C:
OR 5 0.62 [0.40; 0.94] P 5 .026; apoA-I: OR 5 0.61
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[0.41; 0.90] P5 .012). Adjusting for LDL-C did not change
these associations, but adjustment for TG attenuated the
strength of association between HDL-C and CVD
(Supplemental Table 6). No significant interaction with
glucose metabolism status was observed for the associa-
tions with CVE (Pinteraction between .13 and .98), but for
completeness the stratified analyses are included in
Figure 1, panel b Notably, a significant inverse association
between HDL-C and CVE was observed in those with
NGM, as well as those with (pre)diabetes
(Pinteraction 5 .171).
Discussion

In this observational human cohort, we show that HDL-
CEC is not associated with parameters of atherosclerosis as
reflected by cIMT and the EnD Score, nor with prevalent
CVD or CVE, independent of glucose metabolism state. In
contrast, other HDL characteristics, that is, HDL-C, apoA-
I, HDL size, and HDL-P, were inversely associated with the
EnD Score and with CVE. The inverse association between
HDL-C and the EnD Score was observed in subjects with
NGM, as well as those with (pre)diabetes, while the inverse
associations with apoA-I, HDL size, and HDL-P were
found only in individuals with NGM. On the other hand,
higher concentrations of HDL-C and apoA-I were associ-
ated with less CVD in individuals with (pre)diabetes, but
not in those with NGM.

The role of HDL in atherosclerosis has undergone a
major reevaluation in the past 5 years, leading to intensified
research on HDL-CEC.44 Thus far, the results of these ef-
forts are not uniform and the final conclusion on whether
and how HDL-CEC impacts atherosclerosis and CVD/
CVE is yet to be made. Some studies showed that an in-
crease in HDL-CEC could be beneficial for atheroscle-
rosis16 as well as CVD/CVE,17,18 while others reported
the opposite.14,15,20 In our current evaluation, we did not
find any significant associations for HDL-CEC, which is
in line with prevalent20,45 and incident studies.46 Li
et al20 reported that there was no association of HDL-
CEC with prevalent CV risk in a cohort with stable angio-
graphically confirmed CVD after adjustment for traditional
risk factors, such as age, sex, smoking, diabetes, hyperten-
sion, LDL-C, and HDL-C. However, in the same cohort,
they unexpectedly observed an association between higher
HDL-CEC and increased incident CV events, suggesting a
complex relationship between HDL-CEC and vascular dis-
ease. The relation of HDL-CEC might differ between
atherosclerotic plaque development (5prevalent CVD)
and plaque vulnerability-associated phenotypes for
example, myocardial infarction (5incident CVD). Further,
a recent study showed that the association of cholesterol
mass efflux capacity differs between coronary heart disease
and stroke.19

In contrast to our null findings for HDL-CEC, other
HDL characteristics, that is, HDL-C, apoA-I, HDL size,
and HDL-P, were inversely associated with the EnD Score,
CVD, and CVE. These HDL-characteristics were not
associated with cIMT in our current evaluations, although
the direction of the nonsignificant associations with cIMT
was also inverse.

In the CODAM cohort, as in several other studies,47–49

we observed an inverse association of HDL-C with the
EnD Score and CVE, which was independent of LDL-C.
Despite these robust inverse associations of HDL-C with
a risk of atherosclerosis/CVE, the pharmacological eleva-
tion of HDL-C has failed to reduce atherosclerosis50 or car-
diac events.3,4 For this reason, the attention has shifted not
only from HDL-C to HDL-CEC but also to further alterna-
tive indexes of HDL quantity and/or quality, such as apoA-
I, HDL size, and HDL-P.51 As expected, we found inverse
associations of apoA-I with atherosclerosis and CVD/CVE.
ApoA-I is the main protein component (70%) of HDL.
Several ways of atheroprotective mechanisms for apoA-I
have been proposed, and pharmacological interventions tar-
geting apoA-I are in process (recently reviewed in51,52).
Also in line with our results is the current literature on
HDL-P, which consistently reports an inverse association
of HDL-P with atherosclerosis,53 CVE,54 future CAD
risk,53,55 as well as a lower rate of coronary heart disease
(CHD) death.56 In our current evaluation, the association
of HDL-P with the EnD Score and CVE was slightly atten-
uated after adjustment for TG, thereby remaining signifi-
cant for CVE, but not for the EnD Score. The inverse
association of HDL size with the EnD Score was more
strongly attenuated by adjusting for TG. These findings
are consistent with the report of Harchaoui et al.,55 who
showed that the relationship between HDL-size and CAD
risk was dependent on metabolic parameters, while the
relationship of HDL-P with CAD was not.

Overall, HDL is a heterogeneous lipoprotein fraction
encompassing particles that markedly differ in size, density,
surface charge, and composition.57 It exerts several athero-
protective properties, such as antiapoptotic, antioxidant,
and nitric oxide promoting effects. However, which athero-
protective property is the most clinically relevant one, and
what subfraction of HDL exerts, which property, remains
unknown. Notably, the metabolic milieu may affect various
properties of HDL. Therefore, we investigated whether the
observed associations differed between those with normo-
glycemia (NGM) and those with (pre)diabetes. The inverse
associations of HDL-P and HDL-size with the EnD Score
in subjects with NGM were fully absent in those with
(pre)diabetes. In contrast, the inverse association for
HDL-C was clearly present in both NGM and (pre)diabetes.
Our study population displays the typical dyslipidemic
phenotype, that is, high TG and low HDL-C, but not the
decreased HDL-size and lower HDL-P that has been shown
before.58,59 This suggests that in those with NGM, the pro-
tective effect of a certain number of HDL particles against
the development of EnD is better than for that same number
of HDL particles in (pre)diabetes. Thus, HDL particle
composition, perhaps partly reflected in HDL size, is of
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interest regarding its protective vascular properties. In this
context, a possible compromised antioxidative capability
of HDL may be of importance.60 It has been shown before
that HDL is able to reduce cytokine-induced expression of
VCAM-1, ICAM-1, and E-Selectin in vitro61 and in vivo.62

The observation that the inverse associations of HDL size
and HDL-P are lost in (pre)diabetes subjects suggests the
loss of their antiinflammatory and endothelium-protective
properties in people with impaired glucose metabolism
and insulin resistance. In contrast to our observations on
the EnD Score, the association of higher concentrations
of HDL-C and apoA-I with less CVD was only seen in in-
dividuals with (pre)diabetes. This was an unexpected obser-
vation that, to some extent, may be explained by more
careful monitoring of individuals with (pre)diabetes by
health care professionals for signs of development of CVD.

The main strength of this study is the relatively large
population, the combination of several HDL characteristics,
the availability of the EnD Score and cIMT in addition to
CVD/CVE, and the approximately equal numbers of in-
dividuals with NGM and (pre)diabetes, which allowed us to
perform sufficiently numbered stratified analyses. Further,
we are the first to report on the relationship of CEC with
CVD/CVE in individuals with (pre)diabetes. The interpre-
tation of our current study is limited by the fact that we
measured only one functional aspect of HDL function, that
is, its CEC, which is thought to reflect a key cardioprotective
HDL functionality. We employed a well-validated HDL-
CEC assay using human THP-1 cell-derived foam cells as
cholesterol donor and apoB-depleted plasma as cholesterol
acceptor. Significant positive associations of HDL-CEC with
other HDL characteristics (HDL-C, apoA-I, HDL size,
HDL-P) substantiate its measurement (Supplemental
Fig. 1). However, so far, a gold standard to measure HDL-
CEC in humans does not exist and the optimal method for
HDL isolation remains undecided, likely leading to discrep-
ancies between studies.63 The Rader Assay, another HDL-
CEC method using apoB depleted plasma on murine
J774 cells, has been shown to correlate with CVD.17 There-
fore, we remeasured HDL-CEC in a subset of 57 CODAM
samples using the Rader Assay and observed a significant
correlation with an intraclass correlation coefficient of 0.6
(data not shown). In our opinion, employing human THP-
1 monocyte-derived macrophage foam cells for HDL-CEC
measurements provides a closer approximation of the condi-
tion in human atherosclerotic plaques, due to the use of a ho-
mologous system (human cells and human apoB-depleted
plasma) and the expression of all relevant efflux transporters
ATP-binding cassette transporter A1 (ABCA1), ABCG1 and
scavenger receptor B1 (SR-B1).41

Further, the associations of HDL characteristics with the
2 surrogate markers of atherosclerosis, EnD Score and
cIMT, were not always fully concordant. This may partly
be due to the fact that they represent different aspects of
atherosclerosis and partly to the measurements themselves.
cIMT is a widely used noninvasive measure of atheroscle-
rosis64 and has been identified as a reliable indicator of
generalized atherosclerosis.65 However, cIMT measure-
ments are not standardized,66,67 and the sonographer, image
analyst, as well as random error, can introduce variability.68

Therefore, the difference in the association of these param-
eters with cIMT and the EnD Score may be due to the sensi-
tivity and variability of the cIMT measurements itself.
Further, the washout period for lipid-lowering therapy
was 14 days and may not have been sufficient to eliminate
all their metabolic effects. However, the CODAM study in-
cludes participants with pre-existing CVD; thus, 14 days
were considered the maximum period for safety reasons.
For the extrapolation of our findings, it should be consid-
ered that our study includes individuals with at least one
cardiometabolic risk factor. Nonetheless, the cohort repre-
sents a large part of typical Western populations, namely
middle-aged to elderly individuals with a moderately
increased risk of cardiometabolic disease. Lastly, the
cross-sectional approach of our study hampers a direct
causal interpretation of the observed associations.

Conclusion

In summary, in a cohort of 533 patients with an elevated
risk of CVD and T2DM, we observed that HDL-CEC was
not associated with atherosclerosis or CVD/CVE, neither in
the whole population nor in individuals with (pre)diabetes,
while other HDL characteristics showed atheroprotective
associations. Notably, the atheroprotective associations of
HDL-size and HDL-P are lost in individuals with (pre)
diabetes. The fact that, particularly in T2DM, higher apoA-
I and HDL-C concentrations were related to less CVD in
subjects with (pre)diabetes, independent of CVD risk
factors, was an unexpected observation and might be
related to more intense cardiovascular risk monitoring
and awareness of those individuals.
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Appendix
Supplemental Table 1 Relationship of HDL-CEC with cIMT & the EnD Score adjusted for other HDL characteristics

HDL-characteristic (Z-Score) Model

cIMT EnD Score

N 5 496 N 5 533

std b 95% CI P-value std b 95% CI P-value

HDL-CEC full model 20.022 20.106; 0.062 .603 20.007 20.085; 0.071 .863
full model 1 HDL-C 0.002 20.088; 0.093 .962 0.082 20.001; 0.164 .052
full model 1 apoA-I 20.010 20.101; 0.081 .827 0.057 20.027; 0.141 .182
full model 1 HDL size 20.015 20.104; 0.073 .736 0.029 20.053; 0.111 .487
full model 1 HDL-P 20.002 20.093; 0.089 .970 0.033 20.052; 0.118 .445

Std b, standardized regression coefficient.

Linear regression analyses, full model adjusted for smoking, BMI, medication usage (antihypertensive, glucose- and lipid-lowering), physical activity,

caloric intake, systolic and diastolic blood pressure, fasting plasma glucose, and glucose metabolism state. Additional adjustment for HDL-C, apoA-I, HDL

size, and HDL-P was done, respectively.

Supplemental Table 2 Relationship of CEC and other HDL parameters with cIMT & EnD adjusted for plasma TG Levels and LDL-C

HDL-characteristic (Z-Score) Model

cIMT EnD Score

N 5 496 N 5 533

std b 95% CI P-value std b 95% CI P-value

HDL-CEC full model 20.022 20.106; 0.062 .603 20.007 20.085; 0.071 .863
full model 1 TG 20.022 20.106; 0.062 .602 20.007 20.085; 0.071 .858
full model 1 LDL-C 20.022 20.106; 0.061 .600 20.007 20.085; 0.072 .864

HDL-C full model 20.071 20.164; 0.021 .130 20.226 20.312; 20.140 ,.0005
full model 1 TG 20.097 20.200; 0.005 .064 20.218 20.313; 20.123 ,.0005
full model 1 LDL-C 20.058 20.152; 0.035 .221 20.231 20.318; 20.144 ,.0005

ApoA-I full model 20.039 20.132; 0.054 .408 20.158 20.244; 20.073 ,.0005
full model 1 TG 20.044 20.138; 0.051 .365 20.145 20.231; 20.058 .001
full model 1 LDL-C 20.037 20.129; 0.056 .436 20.158 20.244; 20.073 ,.0005

HDL size full model 20.030 20.123; 0.063 .527 20.118 20.205; 20.031 .008
full model 1 TG 20.052 20.159; 0.055 .339 20.084 20.184; 0.017 .103
full model 1 LDL-C 20.022 20.115; 0.071 .638 20.119 20.206; 20.031 .008

HDL-P full model 20.060 20.154; 0.034 .208 20.097 20.184; 20.011 .028
full model 1 TG 20.065 20.160; 0.030 .181 20.082 20.169; 0.006 .068
full model 1 LDL-C 20.057 20.151; 0.037 .231 20.097 20.184; 20.011 .028

Std b, standardized regression coefficient.

Linear regression analyses, full model adjusted for smoking, BMI, medication usage (antihypertensive, glucose- and lipid-lowering), physical activity,

caloric intake, systolic and diastolic blood pressure, fasting plasma glucose, and glucose metabolism state. Additional adjustment for triglycerides (TGs),

and LDL-C was done, respectively.



Supplemental Table 3 Relationship of CEC and other HDL parameters with CVD and CVE adjusted for plasma TG levels and LDL-C

HDL-characteristic (Z-Score) Model

CVD CVE

N 5 533, 150 CVD cases N 5 533, 85 CVE cases

OR 95th CI P-value OR 95th CI P-value

HDL-CEC full model 0.999 0.796; 1.253 .992 1.049 0.766; 1.437 .765
full model 1 TG 0.988 0.787; 1.240 .917 1.037 0.757; 1.419 .821
full model 1 LDL-C 1.000 0.797; 1.255 .999 2.054 0.768; 1.445 .746

HDL-C full model 0.800 0.608; 1.053 .112 0.606 0.406; 0.904 .014
full model 1 TG 0.909 0.671; 1.230 .536 0.614 0.398; 0.947 .027
full model 1 LDL-C 0.789 0.599; 1.040 .092 0.59 0.396; 0.878 .009

ApoA-I full model 0.814 0.627; 1.056 .814 0.667 0.462; 0.963 .030
full model 1 TG 0.845 0.649; 1.101 .213 0.676 0.467; 0.977 .037
full model 1 LDL-C 0.814 0.628; 1.056 .122 0.674 0.467; 0.972 .035

HDL size full model 0.872 0.676; 1.126 .295 0.870 0.618; 1.223 .422
full model 1 TG 1.031 0.768; 1.383 .840 0.948 0.641; 1.402 .790
full model 1 LDL-C 0.871 0.675; 1.124 .288 0.876 0.623; 1.231 .446

HDL-P full model 0.897 0.696; 1.156 .400 0.679 0.477; 0.965 .031
full model 1 TG 0.941 0.727; 1.217 .641 0.694 0.487; 0.991 .044
full model 1 LDL-C 0.898 0.697; 1.158 .408 0.687 0.482; 0.979 .038

Logistic regression analyses, full model adjusted for smoking, BMI, medication usage (antihypertensive, glucose- and lipid-lowering), physical

activity, caloric intake, systolic and diastolic blood pressure, fasting plasma glucose, and glucose metabolism state. Additional adjustment for

triglycerides (TGs), and LDL-C was done, respectively.

Supplemental Table 4 Relationship of CEC and other HDL parameter with cIMT, stratified for normoglycemia and (pre)diabetes and
adjusted for plasma TG levels and LDL-C

HDL-characteristic (Z-Score) Model

cIMT

Pint

NGM IGM&T2DM

N 5 268 N 5 228

std b 95% CI P-value std b 95% CI P-value

HDL-CEC full model 0.061 20.044; 0.167 .255 20.129 20.263; 0.005 .060 .025
full model 1 TG 0.062 20.044; 0.167 .249 20.130 20.264; 0.004 .058 .025
full model 1 LDL-C 0.061 20.044; 0.167 .252 20.130 20.263; 0.004 .056 .023

HDL-C full model 20.044 20.158; 0.070 .446 20.138 20.293; 0.017 .081 .169
full model 1 TG 20.028 20.151; 0.096 .659 20.239 20.416; 20.062 .008 .116
full model 1 LDL-C 20.029 20.146; 0.088 .625 20.134 20.288; 0.021 .090 .120

ApoA-I full model 0.011 20.105; 0.128 .848 20.118 20.268; 0.031 .120 .067
full model 1 TG 0.019 20.099; 0.137 .750 20.144 20.297; 0.009 .065 .063
full model 1 LDL-C 0.018 20.099; 0.135 .762 20.126 20.275; 0.023 .097 .047

HDL size full model 20.055 20.167; 0.056 .329 20.006 20.170; 0.159 .947 .910
full model 1 TG 20.039 20.166; 0.087 .540 20.079 20.275; 0.117 .428 .789
full model 1 LDL-C 20.045 20.158; 0.068 .433 20.017 20.181; 0.147 .836 .733

HDL-P full model 0.006 20.115; 0.128 .919 20.132 20.276; 0.012 .073 .038
full model 1 TG 0.014 20.108; 0.137 .818 20.151 20.297; 20.005 .043 .037
full model 1 LDL-C 0.012 20.109; 0.134 .841 20.135 20.278; 0.009 .066 .030

Std b, standardized regression coefficient.

Linear regression analyses, full model adjusted for smoking, BMI, medication usage (antihypertensive, glucose- and lipid-lowering), physical activity,

caloric intake, systolic and diastolic blood pressure, fasting plasma glucose, and glucose metabolism state. Additional adjustment for triglycerides (TGs),

and LDL-C was done, respectively.
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Supplemental Table 5 Relationship of CEC and other HDL parameter with EnD, stratified for normoglycemia and (pre)diabetes and
adjusted for plasma TG levels and LDL-C

HDL-characteristic (Z-Score) Model

EnD Score

Pint

NGM IGM&T2DM

N 5 279 N 5 254

std b 95% CI P-value std b 95% CI P-value

HDL-CEC full model 20.076 20.177; 0.025 .142 0.064 20.060; 0.188 .312 .103
full model 1 TG 20.074 20.175; 0.028 .153 0.063 20.061; 0.187 .317 .109
full model 1 LDL-C 20.076 20.177; 0.026 .142 0.062 20.063; 0.186 .331 .103

HDL-C full model 20.256 20.362; 20.150 ,.0005 20.185 20.330; 20.040 .013 .508
full model 1 TG 20.259 20.373; 20.144 ,.0005 20.151 20.317; 0.015 .074 .471
full model 1 LDL-C 20.282 20.390; 20.174 ,.0005 20.184 20.330; 20.039 .013 .459

ApoA-I full model 20.225 20.333; 20.117 ,.0005 20.071 20.210; 0.067 .312 .102
full model 1 TG 20.216 20.325; 20.108 ,.0005 20.046 20.187; 0.095 .520 .085
full model 1 LDL-C 20.231 20.340; 20.123 ,.0005 20.076 20.216; 0.063 .281 .100

HDL size full model 20.204 20.309; 20.099 ,.0005 0.033 20.119; 0.185 .668 .039
full model 1 TG 20.207 20.326; 20.088 .001 0.158 20.020; 0.336 .081 .018
full model 1 LDL-C 20.217 20.324; 20.111 ,.0005 0.028 20.125; 0.180 .718 .036

HDL-P full model 20.205 20.319; 20.092 ,.0005 0.037 20.095; 0.168 .582 .006
full model 1 TG 20.195 20.310; 20.081 .001 0.061 20.072; 0.194 .366 .005
full model 1 LDL-C 20.210 20.323; 20.097 ,.0005 0.034 20.098; 0.166 .611 .006

Std b, standardized regression coefficient.

Linear regression analyses, full model adjusted for smoking, BMI, medication usage (antihypertensive, glucose- and lipid-lowering), physical activity,

caloric intake, systolic and diastolic blood pressure, fasting plasma glucose, and glucose metabolism state. Additional adjustment for triglycerides (TGs),

and LDL-C was done, respectively.

Supplemental Table 6 Relationship of CEC and other HDL parameters with CVD, stratified for normoglycemia and (pre)diabetes and
adjusted for plasma TG levels and LDL-C

HDL-characteristic (Z-Score) Model

CVD

Pint

NGM IGM 1 T2DM

N 5 279; 67 CVD cases N 5 254; 83 CVD cases

OR 95th CI P-value OR 95th CI P-value

HDL-CEC full model 0.868 0.612; 1.232 .428 1.033 0.752; 1.419 .839 .625
full model 1 TG 0.927 0.557; 1.543 .771 1.022 0.673; 1.552 .920 .725
full model 1 LDL-C 0.873 0.615; 1.241 .450 1.034 0.753; 1.419 .839 .636

HDL-C full model 0.835 0.558; 1.250 .382 0.617 0.403; 0.944 .026 .074
full model 1 TG 0.870 0.566; 1.339 .528 0.785 0.489; 1.259 .315 .110
full model 1 LDL-C 0.800 0.530; 1.209 .290 0.617 0.403; 0.944 .026 .086

ApoA-I full model 0.978 0.665; 1.440 .911 0.609 0.413; 0.898 .012 .034
full model 1 TG 0.993 0.674; 1.464 .973 0.639 0.428; 0.954 .029 .035
full model 1 LDL-C 0.969 0.659; 1.426 .873 0.605 0.409; 0.895 .012 .038

HDL size full model 0.813 0.559; 1.183 .279 0.678 0.454; 1.012 .057 .124
full model 1 TG 0.783 0.427; 1.437 .430 0.796 0.447; 1.415 .436 .212
full model 1 LDL-C 0.796 0.544; 1.163 .238 0.674 0.451; 1.009 .055 .139

HDL-P full model 0.971 0.649; 1.451 .884 0.779 0.556; 1.092 .148 .254
full model 1 TG 0.644 0.353; 1.175 .152 0.659 0.413; 1.054 .082 .222
full model 1 LDL-C 0.778 0.555; 1.091 .145 0.968 0.648; 1.446 .874 .262

Logistic regression analyses, full model adjusted for smoking, BMI, medication usage (antihypertensive, glucose- and lipid-lowering), physical

activity, caloric intake, systolic and diastolic blood pressure, fasting plasma glucose, and glucose metabolism state. Additional adjustment for

triglycerides (TGs), and LDL-C was done, respectively.
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Supplemental Figure 1 Association of HDL-CEC with HDL-C, apoA-I, HDL size, and HDL-P.Scatterplots showing the associations of
HDL-CEC with HDL-C (top left), apoA-I (top right), HDL size (bottom left), and HDL-P (bottom right). N 5 533.
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