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Nasumlaaded fram httn://atvh ahatanrnale ara/ at Tichi Madircal Qahanl an Fehruare 270 201

90



fHMGCR L-HMGCRKO

o o o 9o o
o (9] o (@]
(@) N~ o AN
(uisyoud Bwy N 1)
O oo
O"H
O
X
e
@)
O]
=
T
i
o
@)
O
=
*
o o v g
<~ ~ (@] * &
(sjun 8ouU82s8I0ON|} BAlJE|SM) O\w\fu
0 AAnoe g esedsen
O
o X
~ o %
1 @ “,
@) O \mm
> * ) =
o = =
o ~ - +w\@
L
> & -
Q Lo
T )
5 = %
IDII f ' ' [ I I 1 | 1 I I 1 I 1
w. ™ N ~ o O MO MNOWLITOMON~—O
n
(SHun sousosaION|) BANE[S) (unoe ¢ o} paziewlou)

< Aianoe ¢ esedse) Q S|ans] YNYW aAne[aY

Naumlaadad fram httn//atvh ahaianrmale ara/ at Tichi Madiral Qrhanl an Fahriara 70 2012

91



4

LIUC U MO oyf UV [UUYUy [BUlPOp\ FYVI] $0 /03U DIBUBIVIEYG Y30/ W Wva POPTUIBmUL

Supplementary Figure VI

100
-~ 95
<
g 90
c
%
85
80

glucose supplementation

— male n=15
---- female n=13

20

25 30 35 40
Age (days)
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OBJECTIVE —To determine the best lipid variable to predict coronary heart disease (CHD) in
Japanese patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS —Eligible Japanese men and women (1,771)
aged 40~70 years with type 2 diabetes from 59 institutes nationwide were followed for a planned
8-year period. The performance of eight conventional lipid variables, i.e., total cholesterol (TC),
LDL-cholesterol (LDLC), HDL-cholesterol (HDLC), triglycerides (TGs), non-HDLC, TC/HDLC
ratio, LDLC/HDLC ratio, and TG/HDLC ratio, as predictors of incident CHD were evaluated by
four methods: hazard ratio (HR) per one SD increment by multivariate Cox analysis, x* likeli-
hood ratio test, area under the receiver operating characteristic curve (AUC), and tertile analysis.

RESULTS —Although all variables significantly predicted CHD events in men, non-HDLC (HR
per one SD 1.78 [95% CI 1.43-2.21]; AUC 0.726) and TC/HDLC (HR 1.63 [1.36-1.95]; AUC
0.718) had the better predictive performances among the variables, including LDLC. In women,
TGs (log-transformed; HR 1.72 [1.21-2.43]; AUC 0.708) were the best predictor according to
results of tertile analysis (HR of the top tertile versus the bottom tertile 4.31 {1.53-12.16]). The
associations with incident CHD were linear and continuous.

CONCLUSIONS —For Japanese diabetic men, non-HDLC and TC/HDLC were the best pre-
dictors, whereas TGs were most predictive for women. These findings, which included prom-
inent sex differences, should be considered among clinical approaches to risk reduction among
East Asians with diabetes.
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an excessive incidence of coronary

heart disease (CHD), and serum lipid
values are among the strongest predic-
tors of CHD (1,2). Although serum LDL-
cholesterol (LDLC) has been conventionally
used as a therapeutic marker and/or target
in many guidelines based on trials using
statins (1,2), characteristic features of dia-
betic dyslipidemia, which are closely asso-
ciated with insulin resistance, are elevated
levels of triglycerides (TGs) and small; dense
LDLC (independent of LDLC level) as well
as decreased levels of HDL-cholesterol
(HDLC) (1,2). The use of LDLC alone for
assessment of cardiovascular risk would
ignore these TG-rich lipoproteins (TRLs,
i.e., VLDL and intermediate-density lipo-
protein) and low HDLC, all of which
affect the risk of a CHD event indepen-
dently of LDLC (1-4). Moreover, LDLC
values, as estimated by the Friedewald
formula, become progressively less accu-
rate as the TG level increases.

Based on this background, it has been
established that other lipid parameters,
typically non-HDLC (determined by sub-
tracting the HDLC concentration from the
total cholesterol [TC] concentration in
plasma) or apolipoprotein B (apoB), both
of which reflect TRLs and small, dense
LDLC, can be considered better predic-
tors of CHD than LDLC and have been
introduced into some guidelines as a sec-
ondary target for therapy (5-7). Fur-
thermore, the ratios of TC to HDLC
(TC/HDLO), which has clinical significance
equivalent to non-HDLC/HDLC, LDLC to
HDLC (LDLC/HDLC), and TGs to HDLC
(TG/HDLC) are also used for assessing car-
diovascular risk (3,4). It should be men-
tioned that non-HDL/HDL is always one
unit lower than TC/HDLC.

Despite these considerations, these fun-
damental lipid measures (TC, HDLC, and
TGs) and their calculated indices (LDLC,
non-HDLC, TC/HDLC, LDLC/HDLC, and
TG/HDLC) have not been completely and
directly compared as predictors of CHD by
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multiple analytical methods in past pro-
spective studies in diabetic subjects (8-19).
Results obtained have been inconsistent,
and only one study (19) analyzed men
and women separately. Therefore, whether
LDLC performs better than the other indices
or, if not, which variable is the best predic-
tor of a CHD event has not been fully
determined in diabetic subjects. Further-
more, all previous examinations of the
performance of lipid variables as predic-
tors of CHD in diabetic subjects (8-19)
were performed in Western countries or
in Caucasians. It is uncertain whether their
results can be extrapolated to East Asian
diabetic subjects, who have substantially dif-
ferent profiles regarding CHD and its risk
factors, including a much lower incidence
of CHD and degree of obesity (20-22).

In this analysis of data from a long-
term follow-up of Japanese patients with
type 2 diabetes, we compared eight con-
ventional lipid variables, all of which are
routinely measured or can be easily calcu-
lated in clinical care settings, as predictors
of CHD events. To directly and quantita-
tively compare variables having different
average values as well as variations in
quantities and ratios, we used four different
analytical methods to determine the best
predictor of CHD. These were the multi-
variate-adjusted hazard ratio (HR) per one
SD increment in the Cox hazard model, x*
likelihood ratio test, area under the receiver
operating characteristic (ROC) curve (AUC),
and tertile analysis.

RESEARCH DESIGN AND
METHODS

Recruitment of patients

The present analysis was conducted as
part of the Japan Diabetes Complications
Study, a multicenter prospective study of
the incidence of and risk factors for
macro- and microvascular complications
among 2,033 Japanese patients with type
2 diabetes aged 40-70 years with HbA;
levels >6.5% who were registered from
January 1995 to March 1996 from outpa-
tient clinics in 59 university and general
hospitals nationwide that specialize in di-
abetes care. For this analysis of macrovas-
cular complications, of those 2,033
individuals, 940 men (mean age 57.8 *
7.1 years) and 831 women (mean age
58.7 = 6.8 years) were selected for the
current study after consideration of the
exclusion criteria prespecified in the study
protocol (23). Excluded were patients
with impaired glucose tolerance, a his-
tory of angina pectoris, myocardial

infarction, stroke, peripheral artery dis-
ease, familial hypercholesterolemia, type
I1I hyperlipidemia (diagnosed by broad 8
band on electrophoresis), nephrotic syn-
drome (urine protein >3.5 g per day and
serum total protein <.6.0 mg/dL), and se-
rum creatinine levels >1.3 mg/dL (120
pmol/L). In the 8-year planned observa-
tion period, the median follow-up for the
1,771 patients was 7.86 years (final follow-
up rate was 75%; 1,332/1,771 patients).
The total person-years studied was 11,743
(6,106 for men and 5,637 for women).
Diabetes and impaired glucose tolerance
were diagnosed according to the Report
of the Committee of the Japan Diabetes
Society on the Classification and Diagnos-
tic Criteria of Diabetes Mellitus, which is
almost identical in terms of thresholds for
glucose levels to those of the World Health
Organization. The study protocol, which
is in accordance with the Declaration of
Helsinki and the Ethical Guidelines for
Clinical/Epidemiological Studies of the
Japanese Ministry of Health, Labor, and
Welfare, received ethical approval from
the institutional review boards of all par-
ticipating institutes. All enrolled patients
provided written informed consent.

Clinical and laboratory
measurements

Patients were assessed yearly after the base-
line evaluation. Mean values of at least two
measurements each year were obtained
for HbA,, fasting plasma glucose, and
fasting serum lipids. HbA;. assays were
performed according to procedures out-
lined by the Laboratory Test Committee
of the Japan Diabetes Society (JDS), which
is known to be converted by the formula
HbA;. JDS}(%) = HbA,. (National Gly-
cohemoglobin Standardization Program
[NGSP)(%) — 0.4%. All other labora-
tory tests were performed at each partici-
pating institute. Serum LDLC was
calculated using the Friedewald equation,
except where TGs exceeded 400 mg/dL, in
which case LDLC data were treated as
“missing”. This was applicable to 20 sub-
jects. All other measurements, including
those for body weight, blood pressure,
and a 12-lead electrocardiogram, were per-
formed at least once yearly. A baseline di-
etary survey, which was validated and is
widely used in Japan (24) and was com-
prised of food records and a food frequency
questionnaire that included alcohol con-
sumption, was undertaken. Information
on cigarette smoking was collected
using a self-administered questionnaire.
Smoking status was classified into one

Sone and Associates

of three categories: current smokers, ex-
smokers, and never smokers (25).

Outcome measures

The outcomes analyzed were a fatal or
first nonfatal manifestation of CHD com-
prised of angina pectoris and myocardial
infarction, both of which were diagnosed
according to criteria defined by the Mul-
tinational Monitoring of Trends and De-
terminants in Cardiovascular Disease
(MONICA; World Health Organization)
project. A patient with a first percutane-
ous coronary intervention or coronary
artery bypass graft was also counted as
having a CHD event. Information regard-
ing primary outcome and other clinical
variables for each subject was collected
through an annual report that included
detailed findings at the time of the event
from each participating diabetologist who
was providing care to those patients. The
adjudication of end points was performed
by central committees comprised of experts
who were masked to risk factor status and
was based on additional data such as a
detailed history, sequential changes in elec-
trocardiogram and serum cardiac biomark-
ers, and results of coronary angiography.
The rate of concordance in diagnosis be-
tween participating diabetologists and
committee experts was 93%.

Statistical analysis

All statistical analyses and data manage-
ment were conducted at the central data
center. Patient characteristics were described
as mean * SD, median and interquartile
range, or percentage. We compared a CHD
group with a no-CHD group by Student
t test and Fisher exact test for numerical
and categorical variables, respectively. Mul-
tivariate Cox regression analysis was used
to calculate the adjusted HRs and 95% Cls
for risk factors. The strength of associations
of each lipid variable was assessed using the
x2 likelihood ratio test, and the corre-
sponding P values were estimated from
the regression coefficient based on the
Cox proportional hazards model. In addi-
tion, the relationships between tertiles of
each baseline lipid variable and HR for
CHD risks were assessed by the Cox pro-
portional hazards model using the first ter-
tile of each variable as the reference group.
The discriminatory powers for CHD of the
lipid variables were also compared by
ROC curve analysis with application of
various thresholds to the predicted prob-
ability obtained from the logistic regres-
sion model. The AUC was calculated by
integrating the area between the ROC
curve and the diagonal line where sensitivity
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is equal to one specificity based on the trap-
ezoidal rule. Multivariate-adjusted general-
ized additive models with a spline function
of three degrees of freedom were used to
explore potential nonlinear relationships.
All P values are two sided and the signifi-
cance level is 0.05. All statistical analyses
were conducted using SAS packages version
9.2 (SAS Institute Inc., Cary, NC).

RESULTS

Baseline clinical variables according

to occurrence of CHD events

Table 1 summarizes clinical baseline var-
iables for men and women who had or
had not experienced a CHD event during
the follow-up period. In comparison with
men without CHD, those with CHD had
significantly higher levels of all lipid var-
iables (but lower HDLC values) deter-
mined except for TGs, which was higher
with borderline significance. Women
with CHD had significantly higher sys-
tolic blood pressure and significantly
higher levels of lipid variables with the
exception of LDLC/HDLC, which was of
borderline significance, and HDLC. In ad-
dition, women with, rather than without,
CHD were significantly more likely to use
an insulin sensitizer and agents for hyper-
tension and dyslipidemia.

Relationships between various lipid
variables and CHD outcome
Multivariate-adjusted HRs per one SD, XZ
values, and AUCs for CHD events for each
lipid variable at baseline are shown in
Table 2. In men, all lipid variables signif-
icantly predicted a CHD event with HRs
per one SD ranging between 1.42 and
1.78. The largest HR value per one SD, x>
statistics, and AUCs were found for non-
HDLC followed by TC/HDLC, which had
findings very close to non-HDLC results.
In women, the largest HR per one SD
was found for TGs (log-transformed)
followed by non-HDLC and TC. These
three indices had substantially larger x*
values and slightly larger AUCs than the
other indices, whereas non-HDLC had
the largest x° value and TC had the largest
AUC value (Table 2). Since subjects with
elevated TGs are likely have higher glycemic
or weight levels, we performed stratified
analysis to categorize women according to
values equal to or above or below the me-
dian of HbA;. or BMI, which were 7.6%
and 22.8 kg/m?, respectively. As a result, a
significantly larger multivariate-adjusted
HR per one SD of log-transformed TGs

was observed only in those whose HbA;.
or BMI level was equal to or greater than
the median, i.e., HbA,. =7.6%, HR 1.78
(95% C11.21-2.63), and P = 0.005 versus
HbA, . <7.6%, 1.37 (0.76-2.47), and P =
0.27 (Supplementary Table 1); BMI
2228, 1.75 (1.17-2.62), and P = 0.008
versus BMI <22.8, 1.51 (0.86-2.65), and
P =0.14 (Supplementary Table 2).

In the combined analysis of men and
women, non-HDLC identified patients at
greater risk of CHD than the other lipid
variables and had an HR of 1.69 (95% CI
1.41-2.01), x* statistic of 29.4 (P <
0.001), and AUC of 0.713 (95% CI
0.663-0.762) followed by TC/HDLC,
for which results were 1.55 (1.33-1.81),
23.9 (P < 0.001), and 0.703 (0.651—
0.754), respectively. These were better
predictors than LDLC, for which results
were 1.51 (1.26-1.80), 18.2 (P < 0.001),
and 0.690 (0.641-0.738), respectively.

Table 3 shows HRs for CHD accord-
ing to tertiles of lipid variables. In men,
HRs were significantly elevated in the top
compared with the bottom tertile (bottom
compared with the top in case of HDLC)
in all variables determined. Subjects in the
top tertile of TC/HDLC and LDLC/HDLC
had a four times or greater risk of CHD
than those in the respective bottom ter-
tile, followed by non-HDLC and LDLC,
both of which had relatively high HRs
of ~3.5 between extreme tertiles. In
wormen, significantly elevated HRs in the
top tertile compared with the bottom ter-
tile were observed only for TGs, TG/
HDLC ratio, and LDLC. Among those,
the highest HR was noted for TGs, and
was 4.31, which was considerably higher
than that for the other lipid variables.
Even subjects in the middle tertile for
TGs, which indicated the normal level of
0.90-1.36 mmol/L, had a significantly
higher risk of CHD than those in the bot-
tom tertile. On the other hand, the HR for
the TG/HDLC ratio was not higher than
that for TGs alone either in men or women.
If we again stratified women with values
below and equal to or above the median
for HbA,. or BMI, which were 7.6% and
22.8 kg/m?, respectively, significantly ele-
vated HRs for TGs in the top tertile com-
pared with the bottom tertile were
observed only in those whose HbA,. or
BMI was at or greater than the median,
ie., HbA|. =7.6%, HR 6.74 (95% CI
1.43-31.67), and P = 0.016 versus
HbA,. <7.6%, 2.95 (0.65-13.47), and
P = 0.163 (Supplementary Table 3);
BMI =22.8, 3.95 (1.08-14.54), and
P = 0.039 versus BMI <22.8, 5.13

(0.90-29.30), and P = 0.066 (Supple-
mentary Table 4).

Dynamic change in risk association
of important lipid variables

To explore dynamic changes in risk asso-
ciation, including possible thresholds for
lipid variables that were found to be good
predictors, sex-stratified spline analysis
was performed for non-HDLC, TC/
HDLC, and TGs (Fig. 1). In each variable,
the relationship was on a continuum, in-
dicating difficulty in determining a clear
cutoff value. When risks for men and
women whose non-HDLC was 3.88
mmol/L (150 mg/dL) were set as a refer-
ence, risks of those with a non-HDLC
value of ~4.3 mmol/L (170 mg/dL) be-
came significant with HRs of ~1.5in both
men and women. When the TC/HDLC
level of 5.0 was set for reference, risks in
those whose TC/HDLC levels were ~6.3
became significant in both men and
wornen but the HR was greater in women
(~2.0) than in men (~1.5).

CONCLUSIONS —The current analysis
of our Japanese subjects with type 2
diabetes revealed distinct sex differences
in lipid variables that predict a CHD
event. Although large sex differences in
incidence and risk profiles (such as smok-
ing) of CHD are well known, most pre-
vious studies on lipid variables as
predictors of CHD (8-15,17,18) did not
separately analyze men and women with
diabetes. Our previous investigation to
clarify risk factors (involving nonlipid pa-
rameters) for cardiovascular complica-
tions in Japanese diabetic subjects, which
also analyzed men and women together,
demonstrated that the serum TG level
was a potent risk factor, unlike findings
for Western diabetic subjects (23). Our
current results further clarified that this
effect of TGs was exclusively derived
from its effect in women (23).

In our Japanese men with diabetes,
non-HDLC and TC/HDLC, which are
calculated from TC and HDLC, were the
two best predictors of CHD and were
superior to LDLC. These results con-
firmed the validity in Japanese diabetic
men of the previously reported superior-
ity of non-HDLC (9-11,13) or TC/HDLC
(or non-HDLC/HDLC) (9,10,12,17,18)
over LDLC as CHD predictors among
Western diabetic populations. Also sup-
ported is that lipoproteins other than
LDL, such as VLDL and chylomicron
remnants, provide predictive power in
addition to that of LDLC and could
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Table 1—Patient characteristics at baseline

Sone and Associates

Men

Women

No-CHD

CHD P

No-CHD CHD P

Insulin (%)

131 £ 16/

134 = 16/

1.35(0.91)

20 23

132 = 17/

1.10 (0.81)

139 = 15/

1.45 (0.51)

23 33

o-Glucosidase inhibitors (%)

21 21

20 20

Fat intake (g/day)*

Current/past smoker (%)

explain part of the residual cardiovascu-
lar risk characterized by the LDLC level
alone (3,4). It also has been suggested
that non-HDLC is superior as a predictor
to LDL-C because non-HDLC is an indi-
rect estimate of LDL particle number, and
LDL particle number relates more closely
to risk than LDL-C (6). Although studies
have attempted to determine whether
non-HDLC or TC/HDLC best identifies
patients at greater risk of CHD, the statis-
tical differences between the two were
relatively small (10,12). For example, in
the UK Prospective Diabetes Study (12),
although TC/HDLC was a significantly
stronger predictor of CHD than non-
HDLC, HRs per one SD increment for
those two variables were very close
(1.36 and 1.35, respectively), and differ-
ences in results of ROC analysis were not

53 (22)

44/39

Data are mean * SD or *median (interquartile range).

53 (17) 0.45

54/36 0.20

clinically important, which was supported
by the results of another study (10).
Although our results for men were quite
close to those in Western studies that
analyzed men and women together, our
findings in female subjects differed from
those findings or results in Japanese men
with diabetes. Among our female subjects,
TGs, TC, and non-HDLC were the best
predictors of CHD risk as assessed by HRs
for one SD increment, x? statistics, or AUCs.
However, tertile analysis indicated that TGs
were the best variable examined, and that it
was a significant predictor beginning at val-
ues as low as 0.90 mmol/L. That value was
lower than reported in Western countries
(14,17) but was close to the optimal upper
limit in the newest U.S. guidelines (4).
Although the role of TGs in CHD
is known to be influenced by ethnicity,

One drink is equivalent to 12.6 g of ethanol based on the U.S. Department of Agriculture definition.

0.94

50 (21)

49 (16)

9/6 7/5 1.00

especially in Asians (26), the specific rea-
sons why TGs were a leading predictor of
CHD in Japanese diabetic women but not
in men have yet to be clarified. However,
our results in women are similar to those
in other studies of East Asian diabetic sub-
jects (27-29), which showed that TGs had
stronger associations with cardiovascular
morbidity (27,29) and mortality (28) than
LDLC, although these studies were either
cross-sectional (27,29) or relatively small-
scale and short-term (28). In particular, a
cross-sectional study in Hong Kong (27)
revealed that TGs were strongly associated
with ischemic heart disease in women but
not in men with type 2 diabetes. A meta-
analysis of cohort studies in Asian-Pacific
general populations also revealed that TGs
were the best predictor of CHD death
among single lipid variables, although
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Table 2—Multivariate-adjusted HRs per one SD increment with 95% ClI, X (likelihood ratio test) statistics, and the AUC

Men

Women

HR (95% CI)

x> (P value) AUC (95% CI)

HR (95% CI)

x? (P value) AUC (95% CI)

TC 157
(1.25-1.99)

13.4 (<0.001)

0.697
(0.636-0.758)

Non-HDLC

LDLC/HDLC ratib ”

Each lipid variable for C

men and women were not separately ana-
lyzed (30). Interestingly, in our female
subjects, TC was a better predictor than
LDLC by all four analytical methods, sug-
gesting that TLRs involving remnant or
small, dense LDL strongly affect the etiol-
ogy of CHD in this population.

It is well known that the serum level
of TGs, which is closely associated with in-
sulin resistance, is influenced by a number
of metabolic factors, typically includ-
ing glycemic and weight status. Insulin

22.0 (<0.001)

6.9 (0.009)

1.58
(1.20-2.06)

0.721
(0.644-0.798)

9.6 (0.002)

©0.03(0.85)

events at baseline adjusted by age, diabetes duration, BMI, systolic blood pressure, HbA, ., smoking, and alcohol intake.

resistance is believed to contribute to the
atherogenic dyslipidemia seen in diabe-
tes by increasing the hepatic secretion of
VLDL and other apoB-containing lipo-
protein particles as a result of increased
free fatty acid flux to the liver (31). This
raises the long-standing debate as to
whether the association of the TG level
to CHD is a direct effect of the TRLs them-
selves or is a biomarker of accompanying
disorders (32). Our results in stratified,
multivariate-adjusted analysis suggested

Table 3—HRs with 95% Cls for each lipid variable according to tertiles

144
(1.09-1.91)

9.7 (0.002)

0.605
(0.608-0.781)

 62(0.013)

that at least the serum level of TGs is a
significant and independent predictor in
women whose HbA,. or BMI was equal
to or above the median. Although the pre-
cise mechanisms of these phenomena can-
not be derived from epidemiological
observations, improving glycemic and
weight status could be beneficial to avoid
the harmful influence of hypertriglyceri-
demia. Conversely, HDLC was not a sig-
nificant predictor of CHD in women
although it was moderately predictive in

Men

Women

Ranges

HR (95% CI) P

HR (95% CI) P

HDLC (mmol/L)

TGs (mmol/L) 0.94-1.48

TG/HDLC ratio

1.74 (0.82-3.67)

1.09 (0.55-2.13)

0.90-1.36

3.35(1.21-9.23)

HRs with 95% Cls for each lipid variable according to tertiles (HRs for the lowest tertile as a reference are shown except for HDLC where the top tertile is the reference)
for CHD risk analyzed by Cox multivariate models adjusted by age, sex, diabetes duration, BMI, HbA,, systolic blood pressure, smoking status, and alcohol intake.
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Figure 1—Relative risk (solid line) and 95% CIs (broken line) of the incidence of CHD in relation to non-HDLC, TC/HDLC ratio, and TGs estimated

by generalized additive models.

men. The serum level of HDLC is naturally
higher in East Asians than in Western pop-
ulations, especially women (33,34), as in
our cohort. Therefore, it is possible that
the clinical impact of low HDLC was not
apparent and, instead, that of TGs was en-
hanced in East Asians. Accordingly, TG/
HDLC did not add useful information to
that provided by TGs alone either in men or
women. TG/HDLC was also reportedly not
superior to non-HDLC in Spanish patients
with type 2 diabetes (35).

This investigation has several strengths,
including the nationwide sampling from
nearly 60 institutes. We also used four
different analytical methods and analyzed
men and women separately, which was
not done in past studies. Nevertheless,
some limitations of our study deserve
consideration. Variability in laboratory
measurements could be present among
participating hospitals (36). However, such
an influence is virtually negligible because
laboratory testing in Japan is well standard-
ized. In fact, a nationwide precision control
survey (37) demonstrated that coefficients
of variation of tests of TC, HDLC, and TGs
were <5%. Only baseline data were used

for this analysis; therefore, therapeutic
management during the follow-up period
could have influenced results. Baseline
proportions of women receiving therapy
with insulin sensitizers or agents for hy-
pertension or dyslipidemia were higher in
the CHD group than in the no-CHD
group, probably because of treatment se-
lection bias. The large difference in the
proportion of subjects taking agents for
dyslipidemia (mainly statins) between
men and women also might have influ-
enced the results.

That we did not measure apolipopro-
teins in this study was another limitation.
Although some studies of subjects with
(14,15) and without (38,39) diabetes
have provided relatively small support
for replacement of conventional variables
with measurements of apolipoproteins,
recent meta-analysis (7) demonstrated
that the use of apoB, a measure of the
number of atherogenic lipid particles,
could be more beneficial to prevent car-
diovascular events than that of non-
HDLC in clinical settings because there
might be substantial discordance between
apoB and non-HDLC levels depending on

individual differences in composition of
the apoB lipoproteins. In addition, apoB
is a better predictor of cardiovascular risk
especially when cholesterol-enriched
remnants or cholesterol-enriched LDL is
present; therefore, apoB is not necessarily
interchangeable with non-HDLC for eval-
uation of individual patients in clinical
settings (40). Finally, in this analysis, we
did not use detailed dietary data, includ-
ing data on saturated fat, carbohydrates,
and the ratio of energy requirements to
ingested calories, which could influence
serum lipid profiles. This should be clar-
ified in a future study.

In conclusion, the present analysis
shows that for Japanese subjects with di-
abetes, non-HDLC and TC/HDLC for men
and TGs for women were the best predic-
tors of CHD. These findings should be
considered in the clinical approach to risk
reduction among East Asians with diabetes,
and using these variables as management
markers for dyslipidemia among this pop-
ulation has potential value.
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Ezetimibe, an inhibitor of Niemann-Pick C1-like 1 protein,
decreases cholesteryl ester transfer protein in type 2

diabetes mellitus

Hiroaki Yagyu, Shuichi Nagashima, Manabu Takahashi, Michiaki Miyamoto, Kenta Okada, Jun-ichi Osuga

and Shun Ishibashi

Division of Endocrinology and Metabolism, Jichi Medical University, Shimotsuke 329-0498, Japan

Abstract. To address the effects of ezetimibe on high-density lipoprotein (HDL) metabolism, the HDL subclasses,
cholesteryl ester transfer protein (CETP), and lecithin-cholesterol acyltransferase (LCAT) were measured in patients with
type 2 diabetes mellitus (T2DM). Twenty-three hypercholesterolemic patients with T2DM were treated with 10 mg of
ezetimibe daily for 12 weeks. Plasma total cholesterol (TC), low-density lipoprotein (LDL)-cholesterol (C), HDL-C,
HDL,-C, HDL3-C, CETP mass, and LCAT activity were measured. HDL-C and HDL,-C increased by 5% (p<0.05) and
12% (p<0.01), respectively, in response to ezetimibe. Of the 23 patients, 21 had decreased CETP mass, which led to an
average reduction of 20% (p<0.0001). LCAT activity also decreased by 6% (p<0.01). A significant positive correlation
was found in the changes from baseline between HDL,-C and CETP mass, whereas a significant inverse relationship was
observed between HDL3~C and CETP mass. Furthermore, the change in HDL-C was positively correlated with the change
in LCAT activity. In conclusion, ezetimibe may affect HDL metabolism and reverse cholesterol transport, especially
CETP, in T2DM. These observations may provide some insights into how ezetimibe prevents atherosclerosis.

Key words: Ezetimibe, Type 2 diabetes, High-density lipoproteins, Lecithin-cholesterol acyltransferase, Cholesteryl ester

transfer protein

EZETIMIBE is a drug that lowers plasma low-den-
sity lipoprotein (LDL)-cholesterol (C) and non-high-
density lipoprotein (HDL)-C by inhibiting intestinal
cholesterol absorption [1, 2]. It has been proposed that
ezetimibe inhibits Niemann-Pick Cl-like 1 (NPC1L1)
protein [3], which is highly expressed in the brush
border membrane of the enterocyte, where it facili-
tates intestinal cholesterol absorption. Furthermore,
humans, but not mice, also express NPC1L1 in the liver
as much as in the small intestine [3, 4], suggesting the
essential role of hepatic NPC1L1 in hepatic and plasma
lipid metabolism. In fact, ezetimibe ameliorates non-
alcoholic steatohepatitis in humans [5].

Elevated LDL-C and decreased HDL-C levels are
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conventional risk factors for cardiovascular disease
in patients with type 2 diabetes mellitus (T2DM).
Ezetimibe has been shown to be effective in reduc-
ing plasma LDL-C and non-HDL-C levels in hyper-
cholesterolemic patients with T2DM [6-8]. In addi-
tion, a meta-analysis of randomized, controlled trials
in which diabetic patients accounted for 2-8% of the
patients also showed that ezetimibe monotherapy sig-
nificantly increased plasma HDL-C levels by 3.0% in
patients with primary hypercholesterolemia [9], though
the precise mechanism has not yet been determined.
Lecithin-cholesterol acyltransferase (LCAT) and
cholesteryl ester transfer protein (CETP) are key
enzymes in the reverse cholesterol transport system
and are involved in HDL metabolism [10, 11]. LCAT
converts free cholesterol into cholesteryl esters (CEs),
which are then sequestered into the core of lipopro-
tein particles, making the spherical HDL; particles that
are converted into HDL, particles by the phospholipid
transfer protein (PLTP)-activated fusion of smaller
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HDL particles. CETP mediates neutral transport of CEs
and triglycerides (TGs) between lipoproteins, resulting
in the transfer of CEs in exchange for TGs from HDL
to atherogenic lipoproteins such as LDL and very low-
density lipoprotein (VLDL). TGs accumulating in HDL
are then hydrolyzed by hepatic lipase (HL). Moreover,
CETP transfers CEs between HDL particles and gener-
ates HDL, and pre-B HDL from HDL; particles.

We recently reported that pitavastatin decreases
CETP mass and LCAT activity in hypercholesterolemic
patients {12]. Furthermore, genome-wide association
studies involving >100,000 individuals of European
ancestry identified LCAT and CETP as significantly
associated loci with plasma HDL-C [13]. In the pres-
ent study, the effects of ezetimibe on the HDL sub-
classes, CETP mass, and LCAT activity were assessed
in T2DM, and their relationships were examined.

Subjects and Methods

Hypercholesterolemic patients with T2DM (n = 23;
men/women = 13/10, age = 59.1 £ 9.5 years) were
enrolled in the study (Table 1). They received sulfo-
nylureas (n=11), glinides (n=3), pioglitazone (n=3),
biguanides (n=6), a-glucosidase inhibitors (n=2), and
dipeptidyl peptidase-4 inhibitors (n=1). According
to the plasma LDL-C levels as recommended by the
guidelines of the Japan Atherosclerosis Society [14],
patients with plasma LDL-C >120 mg/dL were the sub-

Yagyu et al.

jects of this study. None of the patients were taking
any lipid-lowering drugs such as statins and fibrates.
The patients were given 10 mg of ezetimibe daily for
12 weeks, while other drugs for other diseases, such as
diabetes and hypertension, were left unchanged. The
study was approved by the Ethics Committee of Jichi
Medical University, and all patients gave their written,
informed consent.

At baseline and after 12 weeks of treatment, blood
samples were collected after a 12-h fasting period,
and the following parameters were determined in
plasma; total cholesterol (TC), TGs, HDL-C, HDL,-C,
HDI;-C, LCAT activity, CETP mass, sitosterol,
campesterol, cholestanol, lathosterol, high-sensitivity
C-reactive protein (hs-CRP), glucose, and hemoglobin
Alc (HbAlc).

Plasma TC, TGs, and HDL-C were measured by
automated enzymatic assays. LDL-C levels were cal-
culated by the Friedewald formula, since all patients
had TG levels <400 mg/dL. HDL, and HDL; were
isolated by density gradient ultracentrifugation, and
the cholesterol levels in these lipoproteins were mea-
sured enzymatically. CETP mass was measured by
ELISA assay (CETP ELIZA-DAIICHI, Daiichi Pure
Chemicals Co., Ltd., Tokyo, Japan). LCAT activity
was measured using dipalmitoyl lecithin as the sub-
strate [15]. Sitosterol, campesterol, cholestanol, and
lathosterol were measured by gas-liquid chromatogra-
phy [16]. The hs-CRP level was determined using an

Table 1 Patients’ characteristic at baseline and after 12 weeks of ezetimibe treatment

after 12 weeks

parameter at baseline

Sex (Men/women) 10/13 -

Age 59.1£9.5 -

TC (mg/dL) 232.7£33.9 20162817
TG (mg/dL) 127.8 +54.3 118.65 +67.3
LDL-C (mg/dL) 152.8 £ 26.8 121.0 +£20.0™"
HDL-C (mg/dL) 537+134 564+17.1"
HDL;-C (mg/dL) 33.1+11.0 371+ 144"
HDL3-C (mg/dL) 19.8 £4.1 20.0+3.3
LCAT (U) 1163+ 155 108.8+ 14.0™
CETP (pg/mL) 25£0.5 20£05"
Sitosterol (g/mL) 39£15 20+08""
Campesterol (pg/mL) 6.8+2.8 32137
Cholestanol (pg/mL) 3.0+£0.7 27405
Lathosterol (ug/mL) 44+24 49+2.1
Glucose (mg/mL) 128.0 £27.4 136.6 +35.4
HbAlc (%) 7.1£0.8 72+09
Hs-CRP (ng/mL) 100.0 £ 277.8 58.4+99.2

Results were expressed as mean + S.D. ***p <0.0001, *p <0.05, **p<0.01 vs. baseline
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Fig. 1 HDL subclasses, CETP mass, and LCAT activity at baseline and at 12 weeks of ezetimibe treatment. Ezetimibe (10 mg/daily)
was given for 12 weeks, and blood was collected before and after ezetimibe treatment. Plasma HDL-C, HDL,-C, HDL3-C,
CETP mass, and LCAT activity were measured and compared before and after treatment. Data are expressed as means £ S.D.

N.S: not significant.

ultra-high-sensitivity latex turbidimetric immunoassay
(Bering Nephelometry, Tokyo, Japan).

Student’s paired #-test was used for statistical anal-
yses. Univariate Pearson’s correlation coefficient
analysis was performed to estimate the relationship
between two variables. A p value of <0.05 was con-
sidered significant.

Results

Plasma TC and LDL-C levels decreased by 13%
(p<0.0001) and 21% (p<0.0001), respectively, when
patients were treated with ezetimibe for 12 weeks (Table
1, Fig. 1). Ezetimibe did not affect TG levels. HDL-C
and HDL,-C levels were marginally but significantly
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increased after treatment. The cholesterol absorption
markers, sitosterol, campesterol, and cholestanol, were
significantly decreased by 49%, 53%, and 10%, respec-
tively (Table 1). In contrast, no significant change was
observed in lathosterol, a marker of cholesterol synthe-
sis. There was no significant relationship in the changes
from baseline between each cholesterol synthesis or
absorption marker and LDL-C levels. The changes in
HDL-C and HDL,-C also did not have a significant rela-
tionship with the changes in any cholesterol absorption
markers. The change in HDL;-C had a significant posi-
tive correlation with the change in campesterol (p<0.01),
but not sitosterol and cholestanol (data not shown).
After 12 weeks of treatment, 21 of the 23 patients
had decreased CETP mass, which led to an average
reduction of 20% (p<0.0001) (Table 1, Fig. 1). A sig-

HDL-C vs CETP

Yagyu et al.

nificant positive correlation was found in the changes
from baseline between HDL,-C levels and CETP mass,
whereas a significant inverse relationship was observed
in the changes from baseline between HDI3-C lev-
els and CETP mass (Fig. 2). The change in HDL-C
levels was not associated with that in CETP mass.
LCAT activity was also decreased by 6% (p<0.01)
with ezetimibe (Table 1, Fig. 1). A significant positive
correlation was observed in the change from baseline
between LCAT activity and HDL-C, but not HDL,-C
or HDL;-C levels (Fig. 3). The change in LDL-C was
not associated with the change in CETP mass or LCAT
activity (data not shown).

Plasma hs-CRP, glucose, and HbA1c levels were not
affected by ezetimibe therapy.

HDL -C vs CETP
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Fig. 2 Relationships between HDL subclasses and CETP mass. Ezetimibe (10 mg/daily) was given for 12 weeks, and blood was
collected before and after ezetimibe treatment. The percent changes in HDL subclasses and CETP mass in response to ezetimibe
treatment were calculated, and their relationships were examined. Data are expressed as means + S.D. N.S: not significant.
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Fig. 3 Relationships between HDL subclasses and LCAT activity. Ezetimibe (10 mg/daily) was given for 12 weeks, and blood was
collected before and after ezetimibe treatment. The percent changes in HDL subclasses and LCAT activity in response to ezetimibe
treatment were calculated, and their relationships were compared. Data are expressed as means £ S.D. N.S: not significant.

Discussion

This is the first study to demonstrate the effects of
ezetimibe on HDL subclasses, CETP mass, and LCAT
activity in hypercholesterolemic patients with T2DM.
Because these patients had not used any other drugs for
hyperlipidemia, the observations in the present study
simply reflect the effects of ezetimibe.

As expected, ezetimibe significantly reduced plasma
TC and LDL-C levels. Markers for cholesterol absorp-
tion were also significantly decreased, but lathosterol,
a marker of cholesterol synthesis, was not affected by
ezetimibe therapy. In contrast to a study in which there
was a positive correlation in the changes between a
cholesterol absorption/synthesis marker and LDL-C in
response to ezetimibe treatment [7], such a correlation
was not observed in the present study. The reason for
this discrepancy is unclear, but the results of the present
study imply that the LDL-lowering effect of ezetimibe

is not simply determined by the prevention of choles-
terol absorption in T2DM. The reduction of CETP and
LCAT by ezetimibe may also affect LDL metabolism,
though a significant correlation was not found in the
changes from baseline between CETP mass or LCAT
activity and LDL-C.

In the present study, it was demonstrated that
HDL-C and HDL,-C, but not HDL;-C, were signifi-
cantly increased at 12 weeks of ezetimibe administra-
tion. Because HDL-C is 10-20% lower in T2DM [17],
which is mainly the result of a decrease in HDL, and to
some extent in HDL;, ezetimibe is the drug to improve
the decreased HDL levels in T2DM. Why ezetimibe
modulates HDL metabolism remains unclear. It has
been reported that plasma HDL-C levels are positively
correlated with markers of cholesterol absorption in
metabolic syndrome cases and healthy individuals [18,
19]. In the present study, the change in HDL;-C was
significantly associated with the change in campesterol.
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However, the change in HDL;-C was not associated
with the changes in other cholesterol absorption mark-
ers such as sitosterol and cholestanol. Furthermore,
the changes in HDL-C and HDL,-C were not associ-
ated with changes in any cholesterol synthesis markers.
Taken together with the observation that the changes in
LDL-C was not associated with the changes in any cho-
lesterol absorption markers, ezetimibe may be involved
in plasma lipoprotein metabolism by means of not only
intestinal but also hepatic lipid metabolism, because
humans express NPC1L1, a target of ezetimibe, in the
liver as much as in the small intestine.

Interestingly, the change in HDL,-C levels was
positively correlated with that in plasma CETP mass,
whereas an inverse relationship was observed in the
change between HDL;-C levels and CETP mass (Fig.
2). Moreover, the change in HDL-C was positively
correlated with the change in LCAT activity (Fig. 3).
With regard to the relationship between CETP and
HDL,-C or HDL;-C in the present study, these obser-
vations are contrary to the function of CETP, in which
inhibition of CETP causes an imbalance between PLTP
and CETP and results in the generation of larger HDL
particles such as HDL,, whereas smaller HDL parti-
cles such as HDL; are diminished [10]. Thus, these
observations must be interpreted carefully. Indeed, the
significant relationships in the changes between CETP
and HDL,-C or HDL;-C disappeared after exclusion of
one patient who had extremely high HDL;-C elevations
with ezetimibe. Moreover, in addition to HDL-C, the
change in HDL;-C came to have a significant positive
correlation with the change in LCAT activity (p<0.01)
after exclusion of the patient who had extremely high
HDL;-C elevations with ezetimibe. Because many
other proteins, e.g., HL and PLTP, are also involved
in reverse cholesterol transport and HDL metabolism
[11, 17], ezetimibe may affect these proteins, which
acted in concert in HDL, and HDLj remodeling in the
present study.

It should be noted that 91% of the patients had
decreased CETP mass by an average of 20% in response
to ezetimibe. This may simply reflect the effects of
lipid-lowering drugs, because statins also decrease
CETP mass in hypercholesterolemic patients [12].
Alternatively, ezetimibe may regulate the CETP gene at
transcriptional levels. The CETP gene has sterol regula-

Yagyu et al.

tory elements (SREs) in the promoter where sterol reg-
ulatory element-binding proteins (SREBPs) bind and
then activate the CETP gene [20, 21]. The CETP gene
has been shown to be activated by SREBP-1a rather
than SREBP-2 in the liver and human liposarcoma
cells, an adipocytic cell line {20, 21]. Furthermore,
ezetimibe upregulates hepatic SREBP-2 and down-
regulates hepatic SREBP-1c in wild-type mice fed a
high-fat diet for 10 weeks [22]. Taken together, this
suggests that ezetimibe suppresses CETP gene expres-
sion by modulating hepatic SREBPs. The mechanism
by which ezetimibe decreased plasma LCAT activ-
ity in the present study is still unknown. This is sim-
ply secondary to the reduction of CETP by ezetimibe.
Alternatively, ezetimibe may affect the gene expression
levels of hepatic LCAT. Indeed, fibrates, which are
drugs for the treatment of hyperlipidemia, have been
shown to decrease hepatic LCAT mRNA at the tran-
scriptional level, thereby reducing plasma LCAT activ-
ity [23]. Further study will be needed to determine
whether ezetimibe decreases hepatic LCAT mRNA.

The role of ezetimibe in the prevention of athero-
sclerosis is still a matter of debate [24-26]. In the
SEAS and ENHANCE trials, ezetimibe did not reduce
the composite outcome of combined aortic valve
events and ischemic events or carotid-artery intima-
media thickness in patients with familial hypercholes-
terolemia [25, 26]. In contrast, reduction of plasma
LDL-C levels by the combination of simvastatin and
ezetimibe decreased the incidence of major athero-
sclerotic events in patients with advanced chronic dis-
ease in the SHARP trial [24]. Taken together with the
fact that a CETP inhibitor has attracted attention as an
anti-atherosclerotic agent [27, 28], ezetimibe may sup-
press atherosclerosis by means of its inhibitory effect
on CETP.

In conclusion, ezetimibe modulates HDL metabo-
lism and reverse cholesterol transport, especially CETP,
in T2DM. These effects of ezetimibe, beyond the well-
known effects on LDL, may provide some insights into
how ezetimibe prevents atherosclerosis in humans.
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