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Aim: Serum cholesterol efflux has been suggested to be a key anti-atherogenic function of reverse
cholesterol transport. Meanwhile, the quantitative and qualitative alteration of the levels of lipopro-
teins in the serum has been reported in patients with diabetes, although it remains unclear whether
the serum cholesterol efflux capacity is impaired in cases of newly diagnosed glucose intolerance. We
thus assessed the relationship between the serum cholesterol efflux capacity and glucose intolerance
as detected using oral glucose tolerance tests (OGTTs).

Methods: We measured the capacity of whole serum to mediate cholesterol efflux from human
THP-1 macrophages in a cohort of 439 Japanese-Americans who underwent 75-g OGTTs. A multi-
ple regression analysis was performed to examine the relationship between the serum cholesterol
efflux capacity and glucose intolerance.

Results: The serum cholesterol efflux capacity was found to be negatively correlated with the area
under the curve for the serum glucose concentration during the 75-g OGTTs in all subjects. In addi-
tion, the serum cholesterol efflux capacity was found to be modestly but significantly lower in the
glucose intolerance group (31.4+6.2%) than in the normal glucose tolerance group (33.2+6.1%).
There was also a negative association between the serum cholesterol efflux capacity and glucose intol-
erance after adjusting for age and sex. Moreover, this association remained significant even after fur-
ther adjustments for serum total cholesterol, high-density lipoprotein cholesterol, apolipoprotein Al
and C-reactive protein.

Conclusions: The serum cholesterol efflux capacity is impaired in Japanese-Americans newly diag-
nosed with glucose intolerance. This impairment may contribute in some manner to increasing the

risk of atherosclerotic disease in subjects with glucose intolerance.
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Introduction

In patients with diabetes, atherosclerotic disease
is an important determinant of the life expectancy,
developing two to three times more often than that
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observed in patients without diabetes” and account-
ing for 30-40% of mortality in this population?. The
risk of atherosclerotic disease may increase even at the
stage of impaired glucose tolerance (IGT), which is
generally considered to be a pre-diabetic state’. One
of the causes of the high frequency of atherosclerosis
in patients with glucose intolerance is the accumula-
tion in serum of atherogenic lipoproteins, such as
remnant lipoproteins, small dense low-density lipo-
proteins (LDL) and oxidized LDL>®. Namely,
patients with glucose intolerance display a typical pat-
tern of atherogenic dyslipidemia. In contrast, the
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plasma concentration of anti-atherogenic high-density
lipoprotein cholesterol (HDL-C) tends to decrease in
the presence of glucose intolerance®. Glucose intoler-
ance, moreover, promotes the glycation of HDL
itself. Taken together, in patients with glucose intol-
erance, both quantitative and qualitative alteration of
the levels of lipoproteins is hypothesized to decrease
the anti-atherogenic effects in the serum.

The most widely accepted anti-atherogenic prop-
erty in organisms is the centripetal return of excess
cholesterol from macrophage foam cells in peripheral
arteries to the liver for excretion into the bile and ulti-
mately the feces via the reverse cholesterol transport
(RCT) pathway”. Cholesterol efflux is the initial step
of the RCT and represents the ability of serum-con-
taining HDL particles to promote the RCT by accept-
ing cholesterol from lipid-laden macrophages®. Con-
sequently, measuring the serum cholesterol efflux
capacity is expected to have clinical utility in the func-
tional assessment of RCT. In fact, recent studies have
demonstrated a robust association between the serum
cholesterol efflux capacity and cardiovascular out-
comes, independent of the serum HDL-C concentra-
tion”, and that statin treatment results in an improved
cholesterol efflux capacity'”. Moreover, the use of
whole serum as a cholesterol acceptor for efflux assay
has been hypothesized to be a physiological method
for ex vivo study, as the capacity of whole serum to
induce cholesterol efflux from cells provides compre-
hensive and accurate data regarding lipoproteins and
serum components, such as cholesteryl ester transfer
protein (CETP), lecithin-cholesterol acyltransferase
(LCAT) and phospholipid transfer protein (PLTP),
involved in modifying HDL and promoting cellular
cholesterol efflux'""?.

According to several reports that have examined
cholesterol efflux to the serum or plasma in subjects
with type 2 diabetes mellitus (DM) %19, serum cho-
lesterol efflux is thought to be influenced by various
effects of glucose intolerance. However, to the best of
our knowledge, no reports have yet assessed the serum
cholesterol efflux capacity in patients with newly diag-
nosed glucose intolerance, as detected using 75-g oral
glucose tolerance tests (OGTTs).

We therefore hypothesized that serum cholesterol
efflux as a key anti-atherogenic function of the RCT
may be impaired in subjects with newly diagnosed
glucose intolerance, leading to a residual risk of ath-
erosclerosis. In order to investigate this hypothesis, we
assessed the relationship between the serum choles-
terol efflux capacity and glucose intolerance in Japa-
nese-Americans who underwent 75-g OGTTs. Japa-

nese-Americans living in the United States are geneti-

cally equivalent to Japanese residing in Japan,
although they have experienced rapid and intense
westernization of their lifestyle. We previously
reported that the prevalence of diabetes, metabolic
syndrome and atherosclerotic disease is significantly
greater in Japanese-Americans than in Japanese living
in Japan'/". The effects of glucose and lipid abnor-
malities on the serum cholesterol efflux capacity are
therefore expected to be more readily apparent in this
population than in native Japanese.

Materials and Methods

Study Subjects

The present study is part of a long-term epide-
miological survey (Hawaii-Los Angeles-Hiroshima
study) initiated in 1970 that continues to investigate
risk factors for diabetes and cardiovascular disease
among subjects limited to a population genetically
equivalent to the native Japanese population. The epi-
demiological survey has been previously described in
detail elsewhere'”?”. The subjects of the present study
were Japanese-Americans enrolled in the Los Angeles
portion of the long-term epidemiological study carried
out in 2010. The study population consisted of 439
Japanese-Americans (186 men and 253 women) who
were not diagnosed with DM and not using medica-
tions for dyslipidemia. We also excluded individuals
with a fasting triglyceride (TG) level of more than 400
mg/dl in consideration of the use of the Friedewald
equation?”. The glucose tolerance status was ascer-
tained in each subject and classified as follows: normal
glucose tolerance (NGT), IGT or DM according to
the results of the 75-g OGTT. The diagnosis of DM
was made in accordance with the American Diabetes
Association 1997 glucose-tolerance standards®?, as
follows: a fasting serum glucose (FSG) level of > 126
mg/dl or two-hour serum glucose (2-h SG) level of >
200 mg/dl after oral glucose loading. The smoking
status (never, past or current) was assessed using stan-
dard interview procedures. All subjects received an
explanation of the procedures and provided their writ-
ten informed consent. This study was approved by the
Ethics Committee of Hiroshima University, and the
Council of Hiroshima Kenjin-Kai Association in Los

Angeles.

Biochemical Analyses

All subjects underwent physical measurements
and provided blood and urine samples after an over-
night fast. The collected blood samples were centri-
fuged, and the obtained serum samples were immedi-
ately frozen and transported to Japan. The serum glu-
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cose levels were measured according to the glucose
oxidase method. Immunoreactive insulin (IRI) was
measured using a double-antibody radioimmunoassay
(Yamasa, Tokyo, Japan), and the degree of insulin
resistance was evaluated with the homeostasis model
assessment for insulin resistance (HOMA-IR) value??.
The hemoglobin Alc (HbAlc) values were assessed
according to the high-performance liquid chromatog-
raphy method using the HLC-723G7 Automated
Glycohemoglobin Analyzer (Tosoh, Tokyo, Japan).
The obtained HbAlc values were converted to
National Glycohemoglobin Standardization Program
(NGSP)-equivalent values using the official equa-
tion?¥. The C-reactive protein (CRP) levels were mea-
sured using a highly sensitive, latex-enhanced immu-
nonephelometric assay (Denka Seiken, Tokyo, Japan).
The serum total cholesterol (T-Cho) and TG levels
were assessed according to an enzymatic method
(Kyowa Medex, Tokyo, Japan). The HDL-C levels
were measured directly using a homogenous assay
(Kyowa Medex, Tokyo, Japan), and the LDL-C levels
were calculated using the Friedewald equation®”. The
apolipoprotein Al (apo-Al) and apolipoprotein B
(apo-B) levels were measured using an immuno-neph-
elometry assay (Sekisui Medical, Tokyo, Japan).

Cholesterol Efflux Assay

The cholesterol efflux assay has been previously
described®. Briefly, THP-1 cells (Riken Cell Bank,
Tsukuba, Japan) were maintained in RPMI 1640
(Nikken Bio, Kyoto, Japan) containing 10% fetal bovine
serum. THP-1 cells were differentiated into macro-
phages with 320 nmol/l phorbol 12-myristatel3-ace-
tate for 72 hours. For the measurement of cholesterol
efflux, the cells were cultured in a 24-well plate at a
density of 1.0x 10° cells/well. The macrophages were
washed twice with phosphate buffered saline (PBS)
and labeled via incubation in the presence of [PH]-
cholesterol (PerkinElmer, Boston, USA; final concen-
tration 0.33 pCi/ml) in medium containing 0.2%
bovine serum albumin (BSA) for 24 hours. The cells
were washed twice with PBS containing 0.2% BSA
and incubated for 24 hours at 37C in medium con-
taining 0.2% BSA in the presence of 0.5% serum (v/v)
obtained from the study subjects as a cholesterol
acceptor®?”. Following incubation, the cultures were
centrifuged to remove cell debris, and the medium
was removed to determine the level of radioactivity. At
the end of the chase period, the macrophages were dis-
solved in a 3:2 (v/v) mixture of hexane/isopropanol,
and the level of radioactivity per aliquot was mea-
sured. The percentage of cholesterol efflux was calcu-

lated by dividing the media-derived radioactivity by

the sum of the radioactivity in the media and cells®®.
The ability of individual serum to promote cholesterol
efflux was calculated by subtracting values obtained
without serum in order to exclude the effects of pas-
sive diffusion. To minimize intra-assay variability, each
serum sample was run in triplicate, and the average
and standard deviation values were calculated for each
percent of efflux obtained. To correct for inter-assay
variability, a pool of human serum was tested in each
assay as a reference standard, and its efflux capacity
was used to normalize the subject sample values
obtained from different experiments. The calculated
mean intra- and inter-assay coefficients of variation

were 6.64% and 7.76%, respectively.

Measurement of Atherosclerotic Lesions

The carotid artery intima-media wall thickness
(IMT) was measured using B-mode ultrasonography
(EUB-405X; Hitachi, Tokyo, Japan) with a 10-MHz
probe according to a technique developed by Pignoli
et al.””. The IMT measurement protocol has been
previously described'”. All measurements were
obtained by one physician using the same equipment.

Statistical Analysis

The data are expressed as the mean value and
standard deviation or median (25th-75th percentile),
depending on the data distribution. For variables with
a skewed distribution, log-transformation was per-
formed prior to the analysis. This transformation was
applied to the body mass index (BMI), fasting IRI
(FIRI), two-hour IRI after oral glucose loading (2-h
IRI), total area under the curve (AUC) for IRI during
OGTT (OGTTauc IRI), incremental AUC for IRI
during OGTT (OGTTuuc IRI), HOMA-IR, TG,
CRP and IMT values. First, based on the results of the
75-g OGTT, the serum cholesterol efflux capacity was
examined in three subgroups defined according to the
glucose tolerance status: NGT, IGT and DM. Next,
in order to examine the influence of the presence of
glucose intolerance on the serum cholesterol efflux
capacity, we combined the IGT and DM groups into
a single glucose intolerance group. We then examined
the serum cholesterol efflux capacity in the NGT
group and the single glucose intolerance group. Con-
tinuous variables were compared using an age- and
sex-adjusted analysis of covariance (ANCOVA) for
comparison depending on the category of the glucose-
tolerance status. Categorized variables were analyzed
according to a x* analysis. The total AUC for serum
glucose during the OGTT (OGTTauc glucose) and
OGTTauc IRI values were determined according to
the trapezoidal method based on the FSG, 1-h SG,
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2-h SG, FIRI, 1-h IRI and 2-h IRI measurements.
The incremental AUC for serum glucose during the
OGTT (OGTTuuc glucose) and OGTTwauc IRI val-
ues were calculated using the method recommended
by Wolever®”. The correlation between the AUC val-
ues and the serum cholesterol efflux capacity was eval-
uated using a Spearman’s rank correlation analysis. We
also performed a regression analysis, before and after
adjusting for age and sex, to assess the relationships
between the serum cholesterol efflux capacity and the
metabolic parameters. In each regression model, either
the glucose-tolerance status (NGT =0, glucose intoler-
ance=1) or smoking status (never=0, past=1, cur-
rent=2) was entered as a categorical variable. P-values
of less than 0.05 were considered to be statistically sig-
nificant. We used the SPSS version 19 software pack-
age (IBM Corp., Armonk, NY) for the statistical anal-

ysis.

Results

The clinical characteristics of the study subjects,
separated into three groups according to the glucose
tolerance status as defined by the 75-g OGTT results,
are indicated in Table 1. The NGT, IGT and DM
groups comprised 330, 71 and 38 subjects, respec-
tively. No significant differences were observed regard-
ing the smoking status (never, past or current). How-
ever, the subjects in the IGT and DM groups were
significantly older than those in the NGT group. In
addition, the incidence of IGT and DM tended to be
higher in men than in women, although the difference
was not significant. We therefore analyzed the follow-
ing metabolic parameters after adjusting for age and
sex. The BMI, systolic blood pressure (SBP), FSG, 2-h
SG, OGTTauc glucose, OGTTuc glucose, FIRI, 2-h
IRI, OGTTauc IRI, OGTTiuvc IRI, HOMA-IR,
HbAlc, TG, CRP and IMT values were significantly
higher in the IGT and DM groups than in the NGT
group. The Apo-B values were also significantly higher
in the IGT group than in the NGT group. In con-
trast, the HDL-C values were, as expected, signifi-
cantly lower in the IGT and DM groups. The serum
cholesterol efflux capacity was 33.2+6.1% in the NGT
group, 31.3%6.2% in the IGT group and 31.6+6.2%
in the DM group. The serum cholesterol efflux capac-
ity tended to be lower in the subjects with IGT or
DM than in those with NGT, although the difference
was not significant (P=0.061). We subsequently ana-
lyzed the efflux capacity in men and women sepa-
rately. There were no significant differences in the
serum cholesterol efflux capacity between men and

women (31.9%£5.3% vs. 32.8+5.8%; P=0.157). The

serum cholesterol efflux capacity was 32.6+5.7% in
the men in the NGT group, 31.6+6.0% in the men
in the IGT group and 31.3+7.2% in the men in the
DM group, compared to 33.6%6.4% in the women
in the NGT group, 31.0+6.4% in the women in the
IGT group and 32.0+5.2% in the women in the DM
group. In both sexes, the serum cholesterol efflux
capacity tended to be lower in the subjects with IGT
or DM than in those with NGT, although the differ-
ence was not significant (2=0.224 for men, P=0.062
for women). In order to examine the influence of the
presence of glucose intolerance, we divided the study
subjects into an NGT group and glucose intolerance
group. Consequently, the serum cholesterol efflux
capacity was 33.2%+6.1% in the NGT group and
31.4+6.2% in the glucose intolerance group. A sig-
nificantly low cholesterol efflux capacity was observed
in the glucose intolerance group compared with that
noted in the NGT group (P=0.012) (Fig.1). In addi-
tion, there were significant negative correlations
between the serum cholesterol efflux capacity and the
OGTTauc glucose (r=-0.141, P=0.025), OGT-
Tuuc glucose (r=-0.185, P<0.001) and 2-h SG
(r=-0.118, P=0.013) values (Fig.2A-C).

The associations between the serum cholesterol
efflux capacity and the metabolic parameters assessed
using a single regression analysis and a multiple regres-
sion analysis adjusting for age and sex are shown in
Table 2. In the single regression analysis, we found
significant positive associations in all subjects between
the serum cholesterol efflux capacity and the levels of
T-Cho, HDL-C and apo-Al. Meanwhile, negative
associations were found between the serum cholesterol
efflux capacity and the BMI, CRP, 2-h SG and OGT-
Tiavc glucose values and glucose intolerance. After
adjusting for age and sex, we found significant positive
associations between the serum cholesterol efflux
capacity and the T-Cho, HDL-C and apo-Al levels.
The serum cholesterol efflux capacity was also nega-
tively associated with the CRP and OGTTuuc glu-
cose values and glucose intolerance. However, no sig-
nificant relationships were observed between the
serum cholesterol efflux capacity and the smoking sta-
tus, IRI level or IMT values in the single regression
analysis or multiple regression analysis after adjusting
for age and sex.

Finally, in order to clarify the relationship
between cholesterol efflux and glucose intolerance, we
added the potential confounders exhibiting significant
relationships with the serum cholesterol efflux capac-
ity, as shown in Table 2, and glucose intolerance to
the multiple regression models after adjusting for age

and sex (Table 3). Among the lipid parameters, after
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Table 1. Clinical characteristics of study subjects

FIRI" (4 U/ml)

2-h IRI' (pU/ml)

OGTTauc IRI" (4 U/ml-120min)
OGTTuuc IRI' (pU/ml-120min)
HOMA-IR'

HbAlc (%)

Lipid parameters

T-Cho (mg/dl)
HDL-C (mg/dl)
TG' (mg/dl)
LDL-C (mg/dl)
Apo-Al (mg/dl)
Apo-B (mg/dl)

Inflammatory marker

CRP' (mg/dl)

Atherosclerotic parameters

IMT" (mm)
Cholesterol efflux (%)

4.46 (3.46-7.63)
43.74 (25.34-66.81)
6111 (4150-8672)
5331 (3520-7890)

0.95 (0.73-1.66)

5.5%0.3

209.1£37.2
622154
104 (74-145)
123.0+33.5
165.2+28.0
100.8%27.0

0.045 (0.023-0.094)

0.77 (0.66-0.91)
33.2+6.1

6.50 (3.69-12.13)*
81.81 (57.80-111.33)*
7563 (5009-10711)*
6707 (4275-9627)*
1.72 (0.80-3.06)"
5.7+0.3%

221.5%50.2
56.6+17.1%

131 (93-167)*
136.1+48.3
158.0+31.6
115.3+34.0"

0.104 (0.051-0.193)*

0.87 (0.75-1.03)*
31.3%6.2

NGT IGT DM
Indv. characteristic
N (men/women) 330 (132/198) 71 (34/37) 38 (20/18)
Age (y) 57.0%15.1 66.6+12.0" 64.6+8.0"
BMI' (kg/m?) 22.5 (20.3-24.7) 24.0 (22.3-26.6)" 25.3 (23.4-27.0)*
SBP (mmHg) 12817 139%19* 138+19*
DBP (mmHg) 86+10 95%10 94+7
Smoking status (never/past/current) 201/79/50 42/2217 15/19/4
Glucose metabolic parameters
FSG (mg/dl) 87.0%8.2 95.8+10.6" 122.1£42.9%**
2-h SG (mg/dl) 98.0%21.3 159.1%22.5" 246.0+77.8%**
OGTTauc glucose (mg/dl+120min) 13506 2741 192202720 26631+ 6861%**
OGTTuc glucose (mg/dl+120min) 3230+2283 7807 +2266* 11982 £2927% **

6.69 (4.31-12.72)*
81.83 (43.38-119.42)*
6866 (3036-10441)*
5578 (2219-9729)*

2.11 (1.12-3.96)*

6.6x1.2%

210.3%36.0
58.4%17.6"
126 (86-189)*
122.3+31.6
161.8+29.9
109.3+28.6

0.082 (0.045-0.221)*

0.92 (0.74-1.10)*
31.6%6.2

Data are expressed as the means+SD, median (inter-quartile range), or number. "Parameters were transformed logarithmically before
analysis. NGT, Normal glucose tolerance; IGT, Impaired glucose tolerance; DM, diabetes mellitus; BMI, Body mass index; SBP, Systolic
blood pressure; DBP, Diastolic blood pressure; FSG, Fasting serum glucose; 2-h SG, 2 h serum glucose after an oral glucose load; OGT-
Tauc glucose, AUC for serum glucose during an oral glucose tolerance test; OGTTauc glucose, Incremental AUC for serum glucose
during an oral glucose tolerance test; FIRI, Fasting immunoreactive insulin; 2-h IRI, 2 h immunoreactive insulin after an oral glucose
load; OGTTauc IRI, AUC for immunoreactive insulin during an oral glucose tolerance test; OGTTwuc IRI, Incremental AUC for
immunoreactive insulin during an oral glucose tolerance test; HOMA-IR, Homeostasis model assessment for insulin resistance; HbAlc,
Hemoglobin Alc; T-Cho, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; TG, Triglyceride; LDL-C, Low-density lipo-
protein cholesterol; Apo-Al, Apolipoprotein Al; Apo-B, Apolipoprotein B; CRP, C-reactive protein; IMT, Intima-media wall thickness.
Data were analyzed using the Chi-squared test or by analysis of covariance adjusted for age and sex. *P<0.05, compared to NGT group.

**P<0.05, compared to IGT group.

further adjusting for glucose intolerance, the serum
cholesterol efflux capacity was found to be positively
associated with the T-Cho levels only (model 1: =
0.130, P=0.010 and model 4: $=0.137, P=0.0006).
In addition, a significant negative association was
observed between the serum cholesterol efflux capacity
and the CRP levels (model 4: B=-0.115, P=0.023).
Importantly, a significant negative association was
detected between the serum cholesterol efflux capacity

and glucose intolerance, even after additional adjust-
ment for the T-Cho (model 1: §=-0.128, ’=0.010),
HDL-C (model 2: B=-0.113, P=0.024), apo-Al
(model 3: B=-0.116, P=0.021), T-Cho and CRP
(model 4: B=-0.103, P=0.041) levels.

Discussion

In this study, among subjects with glucose intol-
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(C) plotted against the serum cholesterol efflux capacity in
101 each subject. Spearman’s correlation coefficients (r) and P-val-
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Table 2. Relationships between cholesterol efflux and metabolic parameters in all subjects
Crude Age- and sex- adjusted
B P B P
Indv. characteristic
BMI'" (kg/m?) -0.098 0.041 -0.081 0.097
SBP (mmHg) -0.010 0.828 0.003 0.947
DBP (mmHg) 0.052 0.236 0.048 0.333
Smoking status (never/past/current) -0.029 0.541 -0.004 0.934
Lipid parameters
T-Cho (mg/dl) 0.152 0.001 0.127 0.012
HDL-C (mg/dl) 0.112 0.018 0.107 0.034
TG (mg/dl) 0.041 0.388 0.046 0.341
LDL-C (mg/dl) 0.095 0.148 0.069 0.162
Apo-Al (mg/dI) 0.129 0.007 0.102 0.047
Apo-B (mg/dl) 0.073 0.128 0.057 0.250
Inflammatory marker
CRP' (mg/dl) -0.124 0.010 -0.129 0.010
Atherosclerotic parameter
IMT' (mm) 0.008 0.874 0.025 0.657
Glucose metabolic parameters
FSG (mg/dl) -0.076 0.119 -0.079 0.121
2-h SG (mg/dl) —-0.105 0.044 -0.091 0.067
OGTTuuc glucose (mg/dl-120min) -0.174 <0.001 -0.175 <0.001
FIRI" (1 U/ml) 0.026 0.585 0.026 0.592
2-h IRI" (pU/ml) -0.040 0.405 -0.043 0.382
OGTTuc IRI' (1U/ml+120min) —-0.032 0.505 -0.034 0.474
Glucose tolerance status
Glucose intolerance (ref. NGT) -0.126 0.008 -0.125 0.012
B, Standardized regression coefficients. 'Parameters were transformed logarithmically before analysis. Data were ana-
lyzed by a single regression analysis and by a multiple regression analysis adjusted for age and sex.
Table 3. Multiple regression analysis of the relationship between cholesterol efflux and glucose intolerance in all subjects
Model 1 Model 2 Model 3 Model 4
Independent variables
B P B P B P B P
Lipid parameters
T-Cho (mg/dl) 0.130 0.010 0.137 0.006
HDL-C (mg/dl) 0.091 0.073
Apo-Al (mg/dl) 0.089 0.085
Inflammatory marker
CRP' (mg/dl) -0.115 0.023
Glucose tolerance status
Glucose intolerance (ref. NGT) -0.128 0.010 -0.113 0.024 -0.116 0.021 -0.103 0.041

B, Standardized regression coefficients. "Parameters were transformed logarithmically before Analysis. Data were analyzed by each multiple
regression model. Model 1: age, sex, glucose intolerance, and T-Cho; Model 2: age, sex, glucose intolerance, and HDL-C; Model 3: age,
sex, glucose intolerance, and Apo-Al; Model 4: age, sex, glucose intolerance, T-Cho, and CRP. Model 1: R*=0.025, P=0.004; Model 2:
R?=0.018, P=0.020; Model 3: R?=0.017, P=0.022; Model 4: R*=0.035, P=0.001.
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erance, we identified the serum cholesterol efflux
capacity, an anti-atherogenic function of the RCT, as
being modestly but significantly impaired. In addi-
tion, glucose intolerance was found to be indepen-
dently and negatively associated with the cholesterol
efflux capacity. To the best of our knowledge, this is
the first report to identify a reduction in the serum
cholesterol efflux capacity in patients with newly diag-
nosed glucose intolerance detected on 75-g OGTTs.

Possible mechanisms of the reduction in serum
cholesterol efflux capacity observed in patients with
glucose intolerance include the following. First, in the
IGT or DM groups, insulin resistance may reduce the
number of HDL particles in the serum able to act as
direct and efficient cholesterol acceptors”. In patients
with insulin resistance, the lipoprotein lipase activity
is reduced?”, thus prolonging the rate of degradation
of TG components in very-low-density lipoprotein
(VLDL) produced by the liver”. As a result, the
CETP activity is increased, which leads to the produc-
tion of TG-rich HDL particles and a reduction in the
HDL-C level”. TG-rich HDL readily hydrolyzes®?,
resulting in a reduced number of HDL particles*®. A
reduction in the number of HDL particles has been
reported to be associated with a diminished choles-
terol efflux capacity in a healthy volunteer cohort”.
Second, in patients with glucose intolerance, the
abnormal secretion of adipokines, such as tumor
necrosis factor-alpha (TNF-a) and leptin, induces
chronic inflammation®’. As a result, the level of the
inflammatory marker CRP is elevated. CRP has been
reported to inhibit cholesterol efflux from THP-1
macrophages 7z vitro via the activation of extracellular
signal-regulated kinase (ERK) 1/2 and downregula-
tion of the ATP-binding cassette transporter Al and
G1 (ABCA1/Gl1) expression in a dose-dependent
manner®®. Third, glucose intolerance also promotes
the expression of advanced glycation end-products
(AGEs)?”, which can lead to the degradation of HDL
into a dysfunctional state®, thus resulting in a
decrease in the ability of HDL in the serum to pro-
mote cholesterol efflux?”3”.

In addition to the finding of a reduced choles-
terol efflux capacity in patients with glucose intoler-
ance, the AUC values for the serum glucose concen-
tration observed during the 75-g OGTTs were nega-
tively correlated with the serum cholesterol efflux
capacity. These results indicate the presence of adverse
effects of glucose intolerance on cholesterol efflux. On
the other hand, the insulin level was not observed to
correlate directly with the efflux capacity in this study.
Insulin has been reported to suppress cholesterol efflux
from macrophages at pharmacologic doses by inhibit-

ing the ABCG1 expression in vitro*”. However, in the
present study of humans, serum cholesterol efflux may
have been more strongly affected by alteration of the
serum composition related to insulin resistance, such
as the production of degenerated lipoproteins, than by
the insulin level itself.

In this study, among all lipid parameters tested,
the T-Cho level was observed to have the strongest
positive association with the serum cholesterol efflux
capacity. This observation is consistent with other
recent findings indicating that determinants of serum
cholesterol efflux include HDL and apo-Al, which act
directly as acceptors of cholesterol, and that efflux
depends on the ability of HDL to pass cholesterol
acquired from cells to cholesterol pools within apo-B-
containing lipoproteins, such as VLDL and LDL via
CETP**Y. On the other hand, in the present study,
HDL-C and apo-Al were each observed to have a sig-
nificant positive association with the serum cholesterol
efflux capacity based on the results of a multiple
regression analysis adjusted for age and sex, but not a
multiple regression analysis further adjusted for glu-
cose intolerance. These results suggest a strong rela-
tionship between glucose intolerance and both
HDL-C and apo-Al due to the modification of HDL
by hyperglycemia®”, a state that diminished the direct
relationships observed between serum cholesterol
efflux and both HDL-C and apo-Al after adjusting
glucose intolerance.

In the present study, we found no significant
associations between the IMT and cholesterol efflux
values. This result is inconsistent with the findings of
a previous report that indicated an inverse relationship
between apo-B depleted serum-mediated cholesterol
efflux from J774 cells and the IMT?. This discrep-
ancy may be due to the fact that the efflux capacity
may have not decreased to the point of influencing
IMT thickening, as subjects with NGT or newly diag-
nosed glucose intolerance were enrolled in our study.
Moreover, to our knowledge, no previous reports have
examined the relationship between IMT and choles-
terol efflux using whole serum or plasma as a choles-
terol acceptor. Therefore, the discrepancy between our
results and those of the previous literature may also
arise from the setting of efflux experiments, namely,
the differences in cholesterol acceptors and species of
cell lines used as cholesterol donors.

In this study, we evaluated the cholesterol efflux
capacity using whole serum as a cholesterol acceptor
for a physiological assessment in the human body, as
the ability of serum to remove cholesterol from mac-
rophages depends on multiple factors, such as lipopro-
teins and enzymes. In this context, the composition
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and functional capacity of HDL itself were not evalu-
ated in our set of experiments. Because efflux to HDL
or apo-B depleted serum differs from efflux to whole
serum, there is a possibility that the results of our
study may have differed if HDL or apo-B depleted
serum had been used as a cholesterol acceptor.

Several limitations of this study must be
acknowledged and addressed. First, this investigation
was designed as an observational study. In addition,
our results did not confirm whether the opposite find-
ings - that improved glucose tolerance leads to an
improvement in the serum cholesterol efflux capacity -
is true. Second, subjects who received diabetes and/or
lipid medications were excluded, while those using
other drugs were not. Finally, when we divided the
subjects into three groups (NGT, IGT and DM)
according to the 75-g OGTT results, the serum cho-
lesterol efflux capacity tended to be lower in the IGT
and DM groups than in the NGT group; however, the
difference lacked significance. In addition, when we
analyzed the serum cholesterol efflux capacity in men
and women separately, similar results were observed,
most likely due to a lack of statistical power. Taking
this observation into account, we used sex as an
adjustment factor in the statistical analysis. Further
studies are needed to examine whether the effects of
glucose intolerance on the serum cholesterol efflux
capacity differ between men and women.

In conclusion, we identified a reduced serum
cholesterol efflux capacity in patients with glucose
intolerance, as detected using 75-g OGTTs, in Japa-
nese-Americans. Clinical physicians may therefore
need to consider not only conventional lipid parame-
ters, but also the anti-atherogenic function, including
the efflux capacity, in the whole serum in patients
with glucose intolerance as a complementary assess-
ment of the atherosclerotic disease risk.
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