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CLNICAL INVESTIGATIONS

Serum Adiponectin Level as an Independent Predictor of
Mortality in Patients With Congestive Heart Failure

Toshihiro Tamura, MD;, Yutaka Furukawa. MD: Ryoji Taniguchi, MD:
Yukihito Sato. MD*: Koh Ono, MD:; Hisanori Horiuchi, MD:
Yoshihisa Nakagawa, MD; Toru Kita, MD: Takeshi Kimura, MD

Background Congestive heart failure (CHF) is associated with altered energy homeostasis and myocardial
inflammation, hypertrophy, and tibrosis. Adiponectin, an insulin-sensitizing adipocytokine, may affect these
pathogenic factors, and the circulating adiponectin level may serve as a biological marker of CHF. This study
aimed to assess the significance of serum adiponectin as a prognostic marker for Japanese CIHF patients.

Methods and Results The serum adiponectin levels were compared between 54 (24 ischemic and 30 non-
ischemic) CHF patients with left veniricular systolic dystunction and 55 age- and gender-matched control
subjects. The CHF patients also underwent simultaneous clinical assessment and measurements for brain natri-
uretic peptide (BNP) and parameters of lipid or glucose metabolism. Compared with the controls, the CHF
patients showed significantly increased serumn adiponectin levels [6.7 (4.9-12.6) vs 14.6 (9.7-25.4) pe/ml,
p<0.0001]. In the CHF patients, the log-transformed values of the serum adiponectin levels positively correlated
with the log-transformed values of the plasma BNP levels (p=0.0003, r=0.48) and inversely correlated with the
body mass index (p=0.0006, r=-0.46). Furthermore, an increase in the serum adiponectin level was associated

Cire J2007:71: 623-630

with higher mortality (p<0.05), particularly in the ischemic CHF patients (p<0.005).
Conclusions  An increase in the circulating adiponectin level was associated with higher mortality in the
ischemic CHF patients. Adiponectin may be an informative risk marker for Japanese CHF patients.  (Cire J

2007:71: 623-630)

Key Words: Adiponectin: Brain natriuretic peptide: Congestive heart failure: Mortality

espite recent improvements in survival, the S-year
D mortality rate for patients with congestive heart
failure (CHF) ranges between 40% and 60912 The
discovery of risk markers for CHF and their appropriate use
have contributed to improved screening, prevention, diag-
nosis and treatment of CHF. Because the pathophysiology
of CHF is complex, a variety of markers associated with
different pathophysiologic conditions may be used in the
management of CHF.

Adiponectin is an insulin-sensitizing adipocytokine that
regulates energy metabolism by increasing tree fatty acid
oxidation in skeletal myocytes and gluconeogenesis in the
liver? 3 In addition 1o its beneticial effects on both lipid and
glucose metabolism, adiponectin has antiinflammatory
properties® It reduces the endothelial expression of cell
adhesion molecules and the monocyte/macrophage produc-
tion of inflammatory cytokines: however. it induces antiin-
flammatory cytokines?-!" Moreover, in a mouse model of
pressure overload adiponectin had anmihypertrophic eftects
on cardiac myocytes, and its deficiency exacerbated
CHEM12 Myocardial expression of adiponectin receptor 1
and adiponectin receptor 2 suggest possible effects of
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adiponectin on cardiac myocytes!31+ Adiponectin can also
inhibit growth tactor-mediated fibroblast prolitferation and
prevent librosis!® Because these factors, namely, myocar-
dial inflammation, hypertrophy and fibrosis, and dysregula-
tion of myocardial lipid/glucose metabolisms can either
cause or exacerbate CHFI¢17 udiponectin may play a
protective role in CHF.,

Increased levels of circulating adiponectin and the prog-
nostic potential of adiponectin have been reported in
Caucasian CHF patients!312 and very recently, an increase
in the circulating adiponectin level and an association of
this with the severity of CHIF have been shown in Japanesc
CHF patients?? Nevertheless, it remains uncertain whether
adiponectin has prognostic potential in Asians, and the dit-
ference in the circulating adiponectin levels of Caucasian
and Asian patients suggests that the prognostic potential of

Table 1 Background Characteristics of the Study Subjects

Control CHF

(n=55) (n=54) p value
Age (vears) 59.0+17.3 63.2+15.1 NS
Male gender. n (%) 39(71) 42(78) NS
BMI (kg/m?) 23.5+3.4 22.644.3 NS
DM, n (%) 14(25) 20(37) NS
TC (mg/dl 192.6£31.3 184.6%38.7 NS
TG (mg/dl) 105.0 96.5 NS

(84.0-142.00*  166.5-154.3)*

CHF. congestive heart failure; NS. not significantly different; BMI, body
mass index; DM. diabetes mellitus; TC. total cholesterol: TG. 1riglyceride.
Values are means+ SD or *median value (interquartile range).
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Table 2 Clinical Information and Biochemical Marker Levels at Baseline in CHF Patients

Overall

Adiponectin levels

(n=54) SHH.6pg/ml (n=27)  >14.6 ug/ml (n=27) pvalue

Age (years) 63.2¢15.1 59.815.6 66.6+14.1 NS
Male gender, n (%) 42(78) 24(89) 18 (67) NS
BMI (kg/m?) 22.644.3 23.945.2 21.3£2.7 <0.05
NYHA class O/IV, n (%) 15(28) 6(22) 9(33) NS
Ischemic CHF, n (%) 24 (44) 13 (48} 11 (41) NS
DM. n (%) 20(37) 8(30) 12 (44) NS
Hypertenstion. n (%) 30 (56) 16 (59) 14(52) NS
TC (mg/dl) 184.6+38.7 185.3£39.2 184.0£39.0 NS
TG (mg/dl) 96.5(66.5-154.3}*  115.0(69.0-160.0)*  80.0(56.0~134.0)* NS
Creatinine (mg/dl) 1.120.5 1.1+0.3 1.1+0.7 NS
Hemoglobin Alc {%) 5.940.9 5.9+0.9 5.940.9 NS
BNP (pg/ml) 281.8(90.0-559.0)%  192.7(37.2-320.0)* 403.1(167.2-690.7)* <0.005
LVEF (%) 30.3£9.0 31.248.8 29.349.2 NS
LVDd (mm) 62.8+10.4 61.3£10.9 64.2£10.0 NS
Medication, n (%)

B-blocker 43 (80) 23(85) 20 (74) NS

ACEI/ARB 48 (89) 25(93) 23(85) NS

Digoxin 18(33) 10(37) 8(30) NS

Statin 21(39) 13 (48) 8(30) NS

Diuretics 44 (81) 22(81) 22(81) NS

NYHA, New York Heart Association; BNP. brain natriuretic peptide; LVEF. left ventricular ejection fraction; LVDd, left ventricular
diastolic dimension; ACEl angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker. Other abbreviations se¢

in Table 1.
Values are meantSD or *median value (interquartile range).

the adiponectin tevel may possibly differ among ethnic
groups 122 In addition, it needs to be analyzed whether the
increase in the adiponectin level is similar in both ischemnic
and non-ischemic CHF because it has been reported that,
compared with controls, patients with coronary artery dis-
ease exhibited significantly lower circulating adiponectin
levelsss<

In this study. we compared the scrum adiponectin levels
between CHF patients and control subjects with normal
cardiac function and between ischemic and non-ischemic
CHEF patients: all the study subjects were Japanese. We also
analyzed the predictive potential of adiponectin with regard
1o mortality and the association between adiponectin and
other parameters of CHF.

Methods

This study was approved by the Instiutional Review

Board of Kyoto University Graduate School and Faculty of
Medicine. Informed written consent was given by all study
subjects in accordance with the Declaration of Helsinki.

Study Subjects

Fifty-four Japanese CHF patients (24 ischemic CHF, 30
non-ischemic CHF) with left ventricular (LV) systolic dys-
function who were admitted to hospital during 2003-2005
were retrospectively analyzed. 1.V systolic dysfunction was
detined as 1.V gjection fraction (.VEL) of <80%. LVEF was
calculated from 2-dimensional echocardiography images
using the apical biplane moditied Simpson’s method. The
55 control subjects with normal cardiac function included
healthy volunicers. patients with conrolled essential hyper-
tension, and those with paroxysmal supraventricular
arrhythmias who had not experienced arrhythmic cvents
for 248h before blood sample collection. Patients with
end-stage renal dysfunction were excluded from the study

Circulation Journal Vol 710 May 2007
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Scatter plots of the association between log-transtormed values of serum adiponectin levels (L.og Adiponectin)

and log-transtormed values of plasma brain natriuretic peptide (BNP) levels (Log BNP) (A). body mass index (BMI) (B)
and left ventricular ejection fraction (ILVEF: C). and comparison of serum adiponectin levels between the patients with
high and low New York Heart Association (NYHA ) functional classes (D) in congestive heart failure (CHF) patients. Log
Adiponectin positively correlated with Log BNP and inversely with BML There was no significant association between
Log Adiponectin and LVEF. and no significant difference in serum adiponectin concentrations between NYHA class 1/11
and class TI/IV. Data are expressed as median value with interquartile and 10-90% range in panel (D). NS, not signifi-

cantly different.

because they reportedly have an increase in the circulating
adiponectin level?d Clinical and analytical information of
the CHF patients obtained at baseline included the New
York Heart Association (NYHA) tunctional classification,
body mass index (BMD calculated from measurements of
height and weight. conditions such as diabetes mellitus and
hypertension, blood biochemistry, and echocardiography.
Diabetes mellitus was defined according 10 whether the
patients were receiving active treatment with antidiabetic
drugs or insulin. Patienms on dietary treatment alone who
met the diagnostic criteria listed in the “Report of the
Committee of Japan Diabetes Society (JDS) on the Classi-
fication and Diagnostic Criteria of Diabetes Mellitus™ were
considered to have diabetes?® The CHIF patients were
followed up with regard 1o mortality for a median of 1.8
years (range. 0.2-2.3 years). All deaths were confirmed by
medical records or telephone interview with the patients’
families.

Measuremenis of Adiponeciin und BNP Levels
All blood samples were collected by venipuncture. The
sera and plasma were prepared by centrifugation of the

Circaiation Jouwrmal Vol 710 May 2007

blood samples and stored at —80°C until use. The serum
adiponectin concentrations were measured using a commer-
cially available enzyme-linked immunosorbent assay kit
(Orsuka Life Science Initiative, Tokyo, Japan). The plasma
brain natriuretic peptide (BNP) levels were measured using
enzyme immunoassay (Tosoh Corporation, Tokyo, Japan).

Statistical Analvsis

‘The serum adiponectin. plasma BNP, and serum triglye-
eride levels are expressed as medians (interquartile ranges).
All the other continuous variables are expressed as means+
SD. Statistical signiticance with regard 1o the differences in
subject demographics between the CHE and control subjects
or between the subgroups of CHIF patients was assessed by
Student’s t test because the values were distributed paramet-
rically. The Mann-Whitney U-test was used for comparison
of nonparametric values (ie. serum adiponectin, plasma
BNP. and serum (riglyceride levels) between 2 groups.
Pearson’s correlation coefticient was used 1o assess the cor-
refations between the log-transtormed values of the serum
adiponectin levels (Log Adiponectin) and the log-trans-
formed values of the plasma BNP levels (Log BNP), BMI.
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Kaplan- Meier analysis of cumulative rates of survival in patients with congestive heart failure (CHF) stratified into 2

groups by the median of serum adiponectin (A). plasma brain natriuretic peptide (BNP) (B). and body mass index (BMI) (C).

or LLVEF in the CHF patients.

Kaplan-Meier analysis compared the cumulative survival
rates between the 2 groups of CHF patients stratified
according to the median serum adiponectin levels, plasma
BNP levels, or BMIL Differences between the survival
curves were lested using a log-rank test for these factors.
Kaplan-Meicr analysis was also used to compare the cumu-
lative survival rates between the 2 groups that were sirati-
tied according to the median serum adiponectin level in the
ischemic or non-ischemic CHF patients. Univariate analysis
with the Cox proportional hazards model was used to assess
the association of each variable with patient survival.
Multivariate analysis with the Cox proportional hazards
model was used to assess the independence of the predictors
of mortality. The covariates included: (1) all the parameters
with p<0.0S in the univariate analysis (age, BMI, plasma
BNP level, serum adiponectin level) and (2) the established
predictors of mortality in CHF patients, such as gender,
LVEF, NYHA classitication, renal dystunction (serum crea-
tinine 21.5mg/dD), and ischemic ctiology?7-31 All analyses
were performed using SAS Institute Inc JMP version §
(Cary, NC, USA).

Results

Subject Demographics and Serum Adiponectin Levels

We studied a total of 54 CHE patients and 55 control
subjects (Table 1). There were no signiticant differences in
age, gender distribution. BMI, or serumn total cholesterol
and triglyceride levels. Compared with the control subjects,
the CHF patients showed significantly increased serum

adiponectin levels [6.7 (4.9-12.6) vs 14.6 (9.7-25.4) pg/ml;
Fig 1]. Significant difference was not observed with regard
to the serum adiponectin level between the ischemic and
non-ischemic CHF patients. Detailed clinical information
and baseline circulating biomarker levels in the CHF
patients are presented in Table 2. With the exception ol BMI
and the plasma BNP levels, all other parameters were
comparable between the high- and low-adiponectin level
groups. Thiazolidinediones, which increase the circulating
adiponectin level, were not administered (o any patients at
the time of blood sample collection.

Correlations Between Serum Adiponectin Levels
and Established Clinical und Biochemical
Markers of Mortality in CHF

In the CHF patients, T.og Adiponectin was positively
associated with Log BNP (p=0.0003. r=0.48: Fig2A) and
inversely associated with BMI (p=0.0006, r=-0.46:
Fig2B). There were no significant correlations berween
Log Adiponectin and LVEF (Fig2(C), and the serum
adiponectin levels were comparable between patients with
higher (IIVIV) and lower (I/II) NYHA functional class
(Fig 2D).

Cunudlative Survival of CHF Patients With
High und Low Serwm Adiponectin Levels

During the tollow-up period (median, 1.8 years: range.
0.2-2.3 years), 11 of the 54 patients (20.4%) died: 6 cardiac
deaths. including 4 from CHF and 2 sudden deaths, and 5
non-cardiac deaths. All the cardiac deaths occurred in the
high serum adiponectin level group. The Kaplan-Meier
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Table 3 Univariate Analysis for Predictors of Mortality

627

Odds ratio Lower 95%CI  Upper 95%CI  chi-square p value
Age (vears) 117 1.07 132 16.5 <0.0001
BMI (kg/m-) 0.62 044 0.81 134 0.0003
BNP (pg/ml) 1.001 1.0003 102 6.3 0.01
Adiponectin (jig/ml} 1.07 101 L12 57 0.02
LVEF (%) 0.94 0.88 1.01 3.2 0.07
TG (mg/dl) 1.008 1.00 1.02 19 0.16
High NYHA class (I/IV) 126 0.64 229 0.5 047
TC (mg/dl) 1.006 0.99 1.02 0.5 0.48
Gender (male) 0.85 0.46 1.82 0.2 0.64
Hemoglobin Alc (%) L4 0.56 208 0.2 0.70
Cl, confidence interval. Other abbreviations see in Tables 1. 2.
Table 4 Multivariate Analysis for Predictors of Mortality
Odds ratic Lower 95%.C1 Upper 95%CI  chi-square pvalue
Age (years) 1.31 1.11 1.66 4.1 0.0002
BMI (kg/m?) 0.45 0.23 0.77 8.9 0.003
LVEF (%) 0.80 0.66 0.94 83 0.004
Adiponectin (pg/ml) 1.12 1.01 127 4.3 0.037
High NYHA class (II/IV) 543 1.03 38.9 4.0 0.046
BNP (pg/ml) 1.00 0.99 1.00 3.6 0.058
Gender (male) 2.06 0.50 10.73 1.0 031
Ischemic etiology 0.77 0.36 1.58 0.5 0.48
Renal dysfunction (serum creatinine 21.5mg/dl) 0.78 0.24 244 0.2 0.67
Abbreviations see in Tables 1-3.
A B
10 —p--=----~----c----cccccmcen—=- 10
05 Adiponectin 1 Adiponectin
- < 14.6 pg/ml 094 TTTTTTTTTOC 1 >14.6 pg/ml
0.8 — 08 — S
3 074 & 074 Adiponectin
] ] <
= 06 Adiponectin : 0.6 — < 14.6 pg/ml
g 05 > 14.6 pg/ml E s
5 04 ; 0.4 -
(7] @ NS
0.3 03 -
0.2 p < 0.005 02 -
0.1 - 0.1
0o [ e 0.0 | R TR DL R EL R L L IR |
0 100 200 300 400 500 600 700 1] 100 200 300 400 500 600 700

Follow up period (days)

Follow up period (days)

Fig4. Kaplan-Meier analysis of cumulative rates of survival in patients with congestive heart failure (CHT) of ischemic
ctiology (A) and non-ischemic etiology (B) stratified into 2 groups by the median of serum adiponectin. NS. not signifi-

cantly different.

survival method and log-rank analyses comparing the 2
aroups stratified according to the median serum adiponectin
levels (14.6 pge/ml) indicated that the unadjusted overall
mortality risk was significantly elevated in the high serum
adiponectin level group (p<0.05: Fig 3A). The unadjusted
overall mortality risk was also significantly elevated in the
high plasma BNP level (p<0.05: Fig3B) and low BMI
(p<0.005: Fig 3C) groups.

Predictive Porential of Serum Adiponectin
Level for Mortality in CHF Patients

Univariate analysis with the Cox proportional hazards
model showed that old age (chi-square=16.5, p<0.0001).
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low BMI (chi-square=13.4, p=0.0003), high plasma BNP
level (chi-square=6.3, p=0.01), and high serum adiponectin
level (chi-square=5.7, p=0.02) were significant predictors
of mortality (Table 3). Multivariate analysis with the Cox
proportional hazards maodel used the parameters showing
p<0.05 in the univariate analysis and the established pre-
dictors of mortality in CHE. such as gender, . VEF, NYHA
classification, ischemic etiology. and renal dystunction. As
shown in Table4, our results indicate that old age (chi-
square=14.1, p=0.0002), BMI (chi-square=8.9, p=0.003),
LVEF (chi-square=8.3. p=0.004). serum adiponectin level
(chi-square=4.3, p=0.037), and NYHA class (chi-
square=4.0. p=0.046) were independent predictors of mor-
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tality in the CHF patients.

Ipact of High Serum Adiponectin Level on Cumnlative
Survival in Ischemic vs Non-Ischemic CHF Puatienis

The Kaplan-Meier survival method and log-rank analy-
ses of 2 groups stratified according 1o the median serum
adiponectin level (14.6 po/mb) were performed separately
for the ischemic CHF patients (n=24) and non-ischemic
CHF patients (n=30). The number of deaths in the ischemic
(6 deaths) and non-ischemic (5 deaths) CHF groups was
similar. The results indicated that the unadjusted overall
mortality risk was signiticantly elevated in the high serum
adiponectin level group of ischemic CHF patients
(p=0.0026: Iig4A) but not in the non-ischemic CHE
patients (p=0.83; Fig4B).

Discussion

In the present siudy, we observed that the serum
adiponectin levels were significantly higher in Japanese
CHF patients than in age- and gender-matched Japanese
control subjects. In the CHF patients, the circulating
adiponectin level positively correlated with the plasma
BNP level and negatively correlated with BMI Higher
serum adiponectin level, lower 1LVEF, severity of CHIE as
assessed by the NYHA classification, old age, and lower
BMLI were predictors of overall mortality in the CHF
patiemts. The predictive potential of a high serum
adiponectin level was based on its effect in ischemic CHIF
patients.

Adiponectin, BNP, und BMI us Prognostic
Markers of Moriality in CHF Patients

The serum adiponectin levels clearly and positively
correlated with the plasma BNP levels. Despite the appar-
ently positive correlation of the serum adiponectin level
with the plasma BNP level, multivariate Cox hazards
analysis that included BNP as a covariate revealed
adiponectin as an independent prognostic marker of CHF.
These observations were in agreement with recent reports
indicating a positive correlation of adiponectin with the N-
terminal prohormone BNP!%19 thus contirming the signifi-
cance of the circulating adiponectin level as a prognostic
marker of CHF, The reasons for the positive relationship
between these 2 molecules cannot be explained by the
results of our study. Considering that adiponectin was a
predictor of overall mortality in CHF independent of BNP
and that the main sources of these 2 molecules are differ-
ent, the circulating adiponectin and BNP levels may be
differently regulated.

In this study. a low BMI was also a signiticant predictor
of overall mortality. An inverse association between
adiponectin and BMI has been reported in obese or diabetic
subjects, and this association was very recently extended to
CHF patients!®19:32.33 Interestingly. the inverse association
of BMI with mortality in CHF has been also shown by
many other groups*-37 The mortality rate remains high in
CHF patients with a low BMI, even after excluding
cachexic patients?337 It is possible that cardiac cachexia
caused an increase in the circulating adiponectin levels in
the present study, although these levels. as well as the
BMIs. were comparable between the 4 patients who died
from CHF and the 2 patients who died suddenly. Further
studies are required to clarify the rational explanation for
these observations.

TAMURA T eral

Adiponectin in Ischemic vs Non-Ischemic CHF Putients

Because lower circulating adiponectin levels are re-
ported in patients with coronary artery disease. including
vasospastic angina?3-2*38 we hypothesized that the circulat-
ing adiponectin levels might be decreased in the ischemic
CHF patients and that increased levels might have a betier
predictive potential for mortality in non-ischemic CHF
patients. Unexpectedly. the circulating adiponectin levels
were paradoxically increased in patients with coronary
artery disease complicated with CHF. Moreover, the
Kaplan-Meier analyses of the subgroups of ischemic and
non-ischemic CHF patients indicated that a higher
adiponectin level was a significant predictor of overall
mortality in the ischemic CHF patients but not in the non-
ischemic CHF patients. Although the small sample size
may preclude demonstration of the prognostic potential of
the serum adiponectin level in non-ischemic CHF. this
potential appeared to be derived from its effects in
ischemic CHF and may attenuate the importance of the
circulating adiponectin levels in the non-ischemic CHF
subgroup, despite the fact that these levels were higher in
the non-ischemic CHF patients than in the control subjects.
One possible link between the biological activities of
adiponectin and these observations is the role of
adiponectin in myocardial ischemia and angiogenesis.
Adiponectin inhibits the effects of angiogenic growth
factors, such as the basic fibroblast growth factor, and it
may exhibit anti-angiogenic effects!® Thus, the adiponectin
levels may influence the severity of ischemia via the eftects
of adiponectin on angiogenesis. However, possible angio-
genic effects of adiponectin have been reported, and the
clinical implications of these contrary observations remain
uncertainid-+¢

Ethnic Differences in Circulating Adiponectin Levels

Ethnic differences in the circulating adiponectin levels
have been reported between Caucasians and Asians as well
as between Caucasians and African Americans?!-22 Al-
though previous reports have indicated the predictive
potential of high circulating adiponectin levels for mortal-
ity in Caucasians, who have relatively higher adiponectin
levelsI®19 it is important to study the significance of these
levels in other ethnic groups that have lower adiponectin
levels. Our observations in Japanese CHF patients were
concordant with previous reports in Caucasians, thus
strengthening the importance of adiponectin as a risk
marker tor CHF,

Study Limitations .

Several limitations should be noted in the interpretation
of these results. First. the study design might limit the
strength of the conclusion. The present study was a single-
center study analyzing a small number of subjects; there-
fore. a study on a larger scale is warranted to contirm the
relationship between worse prognosis and increased
adiponectin levels in ischemic CHF patients. In this study.
multivariate analysis did not present BNP as an indepen-
dent predictor of mortality, although it was a signiticant
predictor of mortality according to the univariate analysis,
and is definitely recognized as an established prognostic
predictor for CHIF. Because BNP showed a significant
correlation with many covariates. such as adiponectin,
BML LVEF, NYHA class, and age. in the multivariale
analysis. the analysis could not indicate the independence
of BNP in our setting of a small number of subjects.
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Second, the influences of drugs on the serum adiponectin
levels should be considered. Most of the present CHF
patients were being treated with optimal therapy when their
blood samples were collected. Because the use of
angiotensin-converting enzyme inhibitors, angiotensin-II
receptor blockers, and fi-blockers can improve the survival
of CHF patients?! these drugs were routinely prescribed to
the patients (Table2). In addition, statins were also
prescribed to 39% of the CHF patients. Drugs such as
angiotensin-Il receptor blockers, statins, or their combina-
tion, have been reported to raise the circulating adiponectin
levels#-+ Thus, increased adiponectin levels in CHF
patients should be carefully assessed although there were
no significant differences in the use of such drugs between
the high and low serum adiponectin level groups of CHF
patients in the present study (Table 2).

Conclusion

The circulating adiponectin level is increased, positively
correlates with the plasma BNP level, and is associated
with overall mortality in Japanese CHF patiemts. The
impact of a high serum adiponectin level on mortality was
signiticant in the ischemic CHF patients but not in the non-
ischemic CHF patients. Circulating adiponectin may be a
useful marker to predict the outcomes of CHF patients.
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Aim: The aim of this study is to analyze the effect of apolipoprotein E (apo E) and methylenetetrahy-
drofolate reductase (MTHFR) gene polymorphisms on serum lipid and homocysteine levels in the
general Japanese population.

Methods.: We analyzed the polymorphisms in individuals randomly selected from among participants
of Serum Lipid Survey 2000.

Results: The frequency of the 2, £3, and ¢4 alleles of APOE was 4.2, 85.3, and 10.5%, respectively.
Individuals with the genotype £4/¢4 had the highest total and low-density lipoprotein (LDL) choles-
terol levels, while those with £2/£2 had the lowest. Individuals with the £2/¢2 and £2/¢4 genotypes
had higher remnant-like particles (RLP)-cholesterol levels than those with £2¢3, £3¢3, and £3¢4.
There was a trend for individuals with the £2/¢4 and £2/¢2 genotypes to have higher triglyceride
levels, although the difference was not significant. The presence of the T allele in a MTHFR poly-
morphism (C667T) was associated with higher homocysteine levels, which is more prominent in
men than in women.

Conclusion: Thus in our large-scale analysis we have shown that RLP-cholesterol is better associated
with APOE genotype than triglyceride and the effect of the T allele on MTHER polymorphism

(C667T) homocysteine levels is more prominent in men than in women among Japanese.
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Introduction

Apolipoprotein E (apo E) is an important struc-
tural constituent of serum chylomicrons, very low-den-
sity lipoproteins, and hlgh density lipoproteins (HDL)
and plays a critical role in lipoprotein metablism, where
it can facilitate the clearance of remnant lipoprotein
and cellular efflux of cholesterol”. Apo E has three poly-
morphisms, €2, €3, and €4, which affect lipoprotein
metabolism and atherosclerosis”. The €4 allele is asso-
ciated with higher low-density lipoprotein (LDL) cho-
lesterol levels than the other alleles and with a higher
incidence of coronary heart disease®. Apo E4 is also
shown to be involved in the development of Alzheim-
er’s disease”, while homozygosity for apo E2 is associ-
ated with the development of type Il hyperlipidemia®.

We also studied the MTHFR gene because its
polymorphisms affect serum homocysteine levels and
homocysteine is also associated with cardiovascular dis-
ease and Alzheimer’s disease®®. An elevated homocys-
teine level is associated with coronary heart disease and
the C677T polymorphism in the MTHFR gene results
in reduced MTHFR enzyme activity and reduced met-
hylation of homocysteine to methioneine resulting in
mild hyperhomocysteinemia'®. Alchough several stud-
ies have examined the incidence of APOE and MTH-
FR polymorphisms® '”, these has been no large-scale
study to determine the incidence of APOE and MTH-
FR polymorphisms and their association with lipopro-
tein ‘profiles and homocysteine levels in the general
Japanese population. In 2000, we conducted a lipid
survey in the Japanese population, 12,839 people all
over the country. In this survey, we examined APOE
and MTHFR gene polymorphisms to determine the
incidence of each and its relationship with lipid pro-
files and homocysteine levels in the Japanese.

Methods

Design and Data Collection
This work is part of Serum Lipid Level Survey

2000 from various parts of Japan. The Ethics commit-

tee, Graduate School and Faculty of Medicine, Kyoto
University approved the study protocol and all subjects
provided written informed consent for participation
in the gene analysis. The handling of DNA samples
followed the guidelines from the Ministry of Health,
Labor, and Welfare. In Serum Lipid Survey 2000, a
total of 12,839 subjects were recruited at 36 hospitals
across the country. The subjects in the present study
were participants in the survey at 9 hospitals from
whom informed content for genotyping was sought.
Of the 12,839 subjects, 2,267 (17.7%) with no lipid-

altering medication were randomly selected for the
present study. Among the 2,267 participants, we ex-
amined serum homocysteine levels and MTHFR gene
polymorphisms in 505 participants.

Laboratory Methods

All serum and blood samples were obtained in the
fasting state. All lipid and other analyses were conduct-
ed on venous blood samples within one week of collec-
tion at BML (Saitama, Japan). Serum cholesterol and
TG levels were measured by enzymatic assay. HDL-
cholesterol and LDL-cholesterol levels were measured
enzymatically with a kit from Daiichi Kagaku Co.
Lid. (Tokyo, Japan). The results of lipid analyses in
the four surveys were indirectly standardized accord-
ing to the criteria of the CDC Lipid Standardization
Program'?. The serum homocysteine level was assayed
by high performance liquid chromatography with flu-
orescent detection as described by Ubbink ez al'?.
DNA was extracted with a QIAamp DNA blood kit
(Qiagen, Hilden, Germany).

Detection of gene Mutations by Invader® Assay

We used the Invader® assay to screen for muta-
tions of the APOE and MTHFR genes, as previously
described. In brief, the probe/Invader®/MgCl2 mixture
was prepared by combining 3 pL of primary probe/
Invader® mix and 5 pL of 22.5 mM MgCI2 per reac-
tion. The primary probes/lnvader mixture contained
3.5 pmol/L wild primary probe, 3.5 pmol/L mutant
primary probe, 0.35 pmol/L Invader® ollgonucleotlde,
and 10 mmol/L MOPS. Eight microliters of primary
probe/Invader®/MgCl2 mixture was added per well of
a 96-well plate. Seven microliters of 5 fmol/L synthet-
ic target oligonucleotides, 10 pg/mL yeast tRNA (no
target blank), and genomic DNA (15 ng/pul) were
added, and denatured by incubation at 95C for 10
min. After 15 pL of mineral oil (Sigma, St. Louis,
MO) was overlayed into all reaction wells, the plate
was incubated isothermally at 63C for 4 h in a DNA
thermalcycler (PTC-200; M] Research, Watertown,
MA) and then kept at 4C until fluorescence were
measured. The intensity of the fluorescence was mea-
sured with a fluorescence microtiter plate reader (Cy-
toflour 4000; Applied Biosystems) with excitation at
485 nm/20 nm (Wavelength/Bandwndth) and emis-
sion at 530 nm/25 nm for FAM; and excitation at 560
nm/20 nm and emission at 620 nm/40 nm for RED.
The genotyping was analyzed by calculating the ratio
of net counts with wild primary probe to net counts
with mutant primary probe. The probes used in this
study were designed and synthesized by Third Wave
Technologies, Inc (Madison, WI).
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Data Analyses

Differences in means were evaluated with an
analysis of variance. The analysis was performed with
the statistical Package for Social Sciences (SPSS Japan
Inc. ver. 11.5, Tokyo, Japan).

Results

We investigated the frequency and phenotypic as-
sociation of APOE gene polymorphisms of 2,267 sub-
jects. We found that the SNPs were in Hardy-Wein-
berg equilibrium. As previously described, the mean
age, total cholesterol, TG, HDL-cholesterol, and LDL-
cholesterol levels in this population were similar to the
levels for all 12,839 patients in Serum Lipid Survey
2000™. We also found that the medians of total, LDL-,
and HDL-cholesterol levels did not differ appreciably
from the means, thereby excluding gross right-hand
tailing of the distribution (data not shown). These data
indicate that the participants in the gene analysis are
representative of the general Japanese population.

The genotype and allelic frequency of APOE poly-
morphisms are presented in Table 1. The frequency of
the €2, €3, and €4 alleles was 4.2, 85.3, and 10.5%,
respectively. As in other studies, the genotypes e2¢2,

Table 1. Genotype and allele frequency of APOE gene in Jap-

anese.
genotype ” % alleles n %

€2/e2 9 04 €2 192 4.2
€2/e3 155 6.8 €3 3,868 85.3
e2/e4 19 0.8 £4 474 105
€3/e3 1,653 72.9
e3/e4 407 18.0
ed/ed 24 1.1

€2¢e4, and e4e4 were quite rare. High frequencies of
the €3 allele are also found in Chinese, but the fre-
quency is lower in Caucasians'.

We next examined the association of the APOE
genotype and lipid profiles in these participants. As
shown in Table 2, all the lipid parameters and blood
glucose differed significantly among these genotypes by
ANOVA. Tortal cholesterol, triglyceride, HDL-choles-
terol, LDL-cholesterol, and RLP-cholesterol levels were
different among the groups. The p values are shown in
the right column. According to the post-hoc analysis,
the total cholesterol level was significantly lower for
genotype €2¢2 than e4e4 and genotype £2¢3 than
€3e3, £2¢e4, or ede4. The HDL-cholesterol level was
significantly higher for €2¢3 than €2e4. The LDL-
cholesterol level was significantly lower for genotypes
€2¢2 and €23 than for £3€3, €3¢4, and e4ed.
The RLP-cholesterol level was significantly higher for
e2e2than €2€3, €3¢3, €3¢4, or e4e4 and for geno-
type £2¢4 than €2¢3, €3€3, or ¢3¢4, although there
was no significant difference in triglyceride levels ac-
cording to the post-hoc analysis. Blood glucose or age
did not differ significantly among the groups.

We next examined the association of the MTHFR
C667T polymorphism with serum homocysteine levels
in 505 samples randomly selected from 2,267 samples.
As shown in Table 3, the incidence of the CC, CT,
and TT genotypes was 33.9, 46.1, and 20.0%, respec-
tively. The TT genotype was significantly associated
with higher homocysteine levels in men and ‘women,
and statistical significance was found between CC and
TT and between CT and TT by a post-hoc analysis.

However, the difference was more prominent in men.

Discussion

There, we have shown in a large-scale study, the

Table 2. Mean of serum lipid levels and blood glucose in cach genotype of APOE in Japanese.

e2/e2 e2/e3 €2led £3/e3 e3led c4le4 total
p value
mean *SEM mean+SEM  mean*SEM  mean*#SEM  mean*SEM  mean#SEM  mean = SEM

T-cho 165.0+23.8 189.7+£3.00 202.9+12.6 201.8x092 206.8+1.95 223.3+9.18 202.1+0.81 <0.0001
TG 171.4%52.8 118.8+8.55 189.0£53.3 117.0+2.41 128.0+£5.16 1279189 119.8+2.13 0.023
HDL-c 51.2+9.51 63.6%1.92 53.0%3.07 59.8£0.41 58.0+0.82 61.9+348 59.7£0.36 0.007
LDL-c 70.5+5.63 101.9£2.75 117.2+8.07 118.5£0.91 120.5£1.93 1315797 117.7+£0.79 <0.0001
RLP-¢ 22.9=%1.15 4.4+0.37 12.5%7.59 4.7+0.17 5.2+0.33 4.1+0.58 4.8+0.15 <0.0001
FBS 121.3£19.5  104.7+3.27 110.6x9.37 103.9x094 103.3x2.17 88.6x2.54 103.9%0.83 0.461
age 52.8+10.1 495=2.11 50.8+53.2 46.7 £0.69 47.4+1.30 43.2+4.61 47.1 £0.58 0.659

T-cho: total cholesterol (mg/dL), TG: triglyceride (mg/dL), HDL-c: HDL-cholesterol (mg/dL), LDL-c: LDL-cholesterol (mg/dL), RLP-c: remnant-
like particles cholesterol (mg/dL), FBS: fasting blood sugar (mg/dL), SEM: standard error of the mean
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Table 3. Genotype frequency of the MTHFR gene and its as-

sociation with serum homocysteine levels in Japanese.

total
genotype n % mean  SEM
CC 171 339 10.9 0.3 p<0.001
CT 233 46.1 11.6 0.24
TT 101 20.0 15.7 1.23
total 505 100 12.2 0.29
male
genotype n % mean  SEM
CcC 92 33.6 10.7 0.36 2 <0.001
CT 132 482 12.9 0.35
TT 50 18.2 19.8 2.41
total 274 100 13.4 0.52
female
genotype n % mean SEM
CcC 79 34.2 10.2 0.43 2=0.005
CT 101 43.7 10.1 0.27
TT 51 22.1 11.9 0.57
total 231 100 10.5 0.23

SEM: standard error of the mean

frequency of the APOE genotype in the Japanese and
its association with serum lipid levels. Frequencies of
APOE genotypes are highly heterogenous among vari-
ous populations. Epidemiological data indicate that
the frequency of the &3 allele is higher in Japanese and
Chinese than in Caucasians, while the frequency of the
£4 allele is lower in Asians than Caucasians® '%. Our
data indicate that the frequency of the €3 allele is quite
consistent with previous reports in Japanese® ' 1¢-17,
and is slightly higher than that of Icelandic and Hun-
garian populations and much higher than that in the
Finnish population'.

Our study confirmed that the €4 allele is associ-
ated with higher, and the €2 allele is associated with
lower, LDL cholesterol levels. Although there was a
trend for individuals with the genotypes £2/e4 and
€2/ €2 to have higher triglyceride levels, it was not sta-
tistically significant by a post-hoc analysis, probably
because triglyceride levels are highly variable. Howev-
er, individuals with ¢2/e4 and €2/¢2 had significant-
ly higher RLP-cholesterol levels than did those with
the other genotypes, indicating that RLP-cholesterol
might be better correlated with APOE genotype. Al-
though in this study we could not compare the body

mass index of €2/¢2 homozygotes, it would be in-
triguing to know whether individuals with the €2/¢4
and €2/€2 genotypes have metabolic abnormalities,
such as abdominal obesity and insulin resistance, be-
cause they have higher triglyceride, RLP-cholesterol,
and blood glucose levels.

Elevated levels of homocysteine have been consid-
ered a risk for cardiovascular disease. Our study is con-
sistent with other studies that show higher homocyste-
ine levels in people with the TT genotype. However,
the relationship between the C677T MTHFR poly-
morphism and cardiovascular disease is still controver-
sial. Because our study population is made up of heal-
thy volunteers, a prospective study is necessary to de-
termine which genotype is associated with cardiovas-
cular risk.

In summary, we have provided the largest data-
base of gene polymorphisms related to lipid metabo-
lism and homocysteine in the general Japanese popula-
tion. A prospective study 1s necessary to determine the
contribution of these gene polymorphisms to cardio-
vascular risk in Japanese.
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Increased Incidence of Coronary In-Stent Restenosis
in Type 2 Diabetic Patients is Related
to Elevated Serum Malondialdehyde-Modified
Low-Density Lipoprotein

Sakuji Shigematsu, MD; Naohiko Takahashi. MD*: Masahide Hara. MD*:
Hironobu Yoshimatsu, MD*: Tetsunori Saikawa. MD**

Background Type 2 diabetes mellitus (T21DM) has been reported as a major risk factor for in-stent restenosis
(ISR after intracoronary stenting, although the details of the mechanisms remain undetined. The aim of present
study was (o investigate the diabetes-related risk factor for ISR,

Methods and Results A total of 131 patients who were implanted with bare metal stent(s) were enrolled in this
study. Based on follow-up coronary angiography at 6 months after stenting, the patients were classitied accord-
ing to the presence or absence of ISR. Various coronary risk factors, including serum malondialdehyde-moditied
low-density lipoprotein (MDA-LDL) levels, were investigated at follow-up angiogram to relate to ISR in patients
with or without T2DM. The increased incidence of ISR was observed in diabetic patients, which was significant-
ly related 1o the increased serum MDA-LDI. concentrations. The serum MDA-LDL concentration was positively
correlated to glycohemoglobin Ievels in diabetic patients. In addition, MDA-LDI. concentration was not altered
after the treatment of ISR.

Conclusions  The elevated seruim MDA-LDL level is considered to be a potent risk factor for ISR in diabetic
patients. MDA-LDL. which might be a consequence of metabolic abnormalities caused by diabetes, may act as a

erowth factor for neointimal tissues inside the implanted stent.  (Cire J 2007: 71: 1697-1702)

Key Words: Angioplasty: Diabetes mellitus: Lipids: Restenosis: Stents

n-stent restenosis (ISR) remains the major limitation
to long-term positive outcomes after percutaneous
coronary intervention (PCD!-2 Pathological analyses
indicate that the formation of neointimal tissues in the im-
planted stent is a major cause ot ISR, which is characterized
by an inflamimatory reaction at the site of balloon-induced
vascular injury. the migration and proliferation of vascular
simooth muscle cells, and the synthesis of excess matrix.
Despite the well-detined nature of the lesion, the pathogenic
mechanisms leading to accelerated neointimal hyperplasia
remain largely undefined. Multiple studies have examined
potential risk factors for ISR and have reported that conven-
tional coronary risk factors such as hypertension, hyper-
lipidemia, smoking habits, and a family history of coronary
artery disease (CAD) are not associated with an increased
risk of ISR?-3 This may be attribwable 1o ditterences in the
pathology of post-stenting restenosis and atheromatous
plaque in CAD?
In contrast. type 2 diabetes mellitus (T21DM) has been
reported as a strong risk factor for ISR, possibly because

(Received February 8. 2007, revised manuscript received June 16.
2007, accepted Julv 30. 2007}

Department of Cardiology. National Hospital Organization Beppu
Medical Center. Beppu. Departments of *Internal Medicine and
#x[ aboratory Medicine. Faculiy of Medicine. Oita University. Oita.
Japan

Mailing address: Sakuji Shigematsu. MI). Department of Cardiolo-
¢y, National Hospital Organization Beppu Medical Center. 1473
Uchikamado. Beppu 874-0011. Japan.  E-mail: sshige @ med.oita-u.
ac.p

Circitdation Jearmal - 10071 November 2007

patients with diabetes display a tendency toward exagger-
ated intimal hyperplasia inside the stent?-3¢ Studies in
animal models have suggested that the inflammatory and
proliferative responses to balloon-induced vascular injury
are enhanced in diabetes?® The metabolic alterations that
oceur as a result of hyperglycemia or hyperinsulinemia can
accelerate many of the pathophysiologic processes that lead
to restenosis. Diabetes results in endothelial dysfunction
and accelerated platelet deposition, both of which increase
the propensity 1o thrombosis. Several growth factors known
1o promote the restenosis process are overexpressed in the
presence of hyperglycemia. Advanced glycosylation pro-
motes inflammatory cell recruitment and smooth muscle
cell proliferation? Although the accumulating evidence
from in vitro and in vivo studies demonstrate the increased
risk of ISR in diabetes, the precise mechanism underlying
the clinical observations remains uncertain.

Oxidative moditication of low-density lipoprotein (1.LDL)
has been demonstrated to play a central role in the initiation
and acceleration of atherosclerosis!™ Oxidized LDL exents
several proatherogenic effects, including direct cytotoxicity
10 endothelial cells, the promotion of increased synthesis
and secretion of adhesion molecules, increased monocyte
chemotaxis and adhesion, and enhanced foam cell forma-
tion in atherosclerotic lesions!-12 It has been reported that
oxidized [.DL promotes vascular smooth muscle cell pro-
liferation!t* 14 Recently, immunoassays using monoclonal
antibodies prepared against oxidized LD demonstrated
that human blood contains oxidized LDL and that higher
levels were found in patients with CAD!® Serum level of
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Figl. Serum malondialdehyde-modificd low-density lipoprotein
(MDA-LDL) concentrations in diabetic (DM) and non-diabetic (non-
DM) patients with or without in-stent restenosis (ISR). Serum MDA-
L.DL concentrations were significantly higher in diabetic patients who
developed ISR than in patients of the other groups. Data are means+
SD. Statistical analysis was performed with I-way analysis of variance
followed by Fisher's post-hoc test. Significant differences between the
eroups are indicated. *p<0.05. ¥¥*p<0.01.

oxidized LDI. was also increased in diabetic patients who
developed vascular complications!® A high concentration
of circulating oxidized [LDL is considered as an indepen-
dent and significant predictor tor future cardiac events in
T2DM patients with CAD!7 Although the nature of the
oxidized LDL in the serum of diabetic patients has not been
detined, adverse effects of circulating oxidized LDL in dia-
betes have been strongly suggested. In the present study, we
investigated the potential risk factors for ISR, especially in
T2DM patients, and we disclose for the first time that an
elevated serum level of malondialdehyde-moditied LDL
(MDA-LDL), a major oxidized 1.DI, relates to the increase
in the incidence of ISR observed in diabetic patients.

Methods

Patient Population

A total of 131 patients (old myocardial infarction, 65: sta-
ble effort angina pectoris, 66) who underwent coronary
stenting were enrolled in this study. Patients with acute myo-
cardial infarction, unstable angina pectoris. chronic total oc-
cluded lesion. renal failure (serum creatinine >2 mg/dl), liver
disorder, or malignancy were excluded. All patients were
reated with 100 mg/day aspirin and 200mg/day ticlopidine
after stenting. Ticlopidine was given for 1 month afier stent-
ing, but aspirin was administered indetinitely. Subacute stent
thrombosis did not occur in the enrolled patients. None of
the patients in this study received drug-cluting stents. intra-
coronary brachytherapy. or any other type of investigational
local drug therapy or investigational stent implantation.

Coronary Angiographic Evaluation

All patients who received intracoronary stent(s). under-
went an angiographic follow-up examination 6 months
after stemting. Coronary angiograms were obtained in multi-
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Fig2. lLinear regression analysis and Pearson correlation coefficients
for comparisons between the glycohemoglobin (HbAI) and serum
malondialdehyde-modified low-density lipoprotein (MDA-LDI.) con-
centrations in diabetic (DM) and non-diabetic (non-DM) patients. A
positive correlation was seen only for diabetic patients (p<0.0001. r°=
0.349).

ple projections in identical views at baseline, immediately
after stent placement, and at follow-up after 6 months, and
were stored as digital images. Quantitative angiographic
analysis was made by operators unaware of the clinical
characteristics of the patients, using the automated edge de-
tection system (CAAS II tor Toshiba Intinix; Pie Medical
imaging. The Netherlands). The length of the stenosis was
estimated with electronic calipers and the contrasi-filled
catheter tips were used for calibration. The diameters of the
proximal and distal reference segments were averaged by
the system to yield the reference luminal diameter (RD).
The percent diameter stenosis was calculated as the differ-
ence between the minimal luminal diameter (M1.D) and
RD. Binary ISR was detined as >50% diameter stenosis at
follow-up.

Measurement of MDA-LDL

Venous blood sampling, including MDA-LDIL., was per-
formed in the fasting state upon admission for follow-up
angiography. In some diabetic patients, MDA-LDL was
measured just before and 30 min after treatment of ISR (ie.
re-ballooning of restenosis site). We used an enzyme-linked
immunosorbent assay for the detection of MDA-LDIL., based
on the principles previously reported by Kotani et all¥
Venous blood samples were collected and the sera were
separated within 4h. Prior to storage at =20°C, the serum
samples were mixed with a stabilizing reagent according to
the procedure described by Kitano et l!? The samples were
diluted 2.000-fold in a dilution buffer comtaining SDS.
Duplicate 100-pl aliquots of the diluted sample were then
added 1o the wells of plates coated with monoclonal antibody
against MDA-LDI. (MI.25: Daiich Pure Chemicals, Tokyo,
Japan). MI.25 has previously been shown 1o recognize MDA
residues. After incubation for 2h at room temperature, the
plates were washed, and f3-galactosidase-conjugated mono-
clonal antibody against apoprotein B (AB16: Daiich Pure
Chemicals) was added. It has been shown that the combi-
nation of positive immunoreactions with both MI1.25 and
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Fig3. Glycohemoglobin (HbAi) levels in diabetic (DM) and non-
diabetic (non-DM) patients with or without in-stent restenosis (ISR).
HbAIc levels were not significant difference between ISR (+) and ISR
(-} in both DM and non-DM patients. Data are means = SD. Statistical
analysis was performed with L-way analysis of variance followed by
Fisher's post-hoc test. NS, no signiticance.
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Figd. Change in the serum malondialdehyde-modified low-density
lipoprotein (MDA-LDL) level hefore (pre-percutaneous coronary in-
tervention (pre-PCI) and after (post-PCI treatment of in-stent resteno-
sis. Serum MDA-LDL was not statistically different after the mechani-
cal crushing of the nevintima with a PCI balloon. Data are means£SD.
Statistical analysis was performed with Student’s unpaired t-test. NS:
no significance.

Table 1 Clinical and Biochemical Data Relating to In-Stent Restenosis in the Enrolled Patients

Characteristic Restenosis (+) Restenosis () Univariate Multivariate
(n=38) (n=93) p value p value
Age (years) 69(10) 69 (11} 0.981 NS
Sex (M/F) 32/6 60/33 0.023* NS
OMI/SAP 17721 47/46 0.547 NS
Body mass index (kg/m?) 23.3(2.9) 24.5(4.2) 0.119 NS
T2DM 50% 26% 0.009%* 0.009**
Hypertension 47% 51% 0.694 NS
Smoking 20% 22% 0.786 NS
Medication of statin 32% 57% 0.014* NS
Fasting plasma glucose (mg/dl) 109 (30) 104(24) 0.344 NS
Glycohemoglobin (%) 6.3(1.8) 57(L1) 0.037% NS
LDL-cholesterol (mg/dl) 109 (24) 105 (22) 0.408 NS
Triglyceride (mg/dl) 121(56) 117 (55) 0.761 NS
HDL-cholesterol (mg/dl) 43.1(12.2) 45.9(11.2) 0.208 NS
Remnant-like particle (mg/dl) 4.0(1.5) 41¢1.9) 0.772 NS
Lipoprotein(a) 19.2(14.4) 24.6(21.7) 0.200 NS
Uric acid (mg/dl) 6.1(1.6) 58(1.3) 0.199 NS
hs-CRP 0.179(0.220) 0.138(0.175) 0.298 NS
MDA-LDL (U/L) 107.0(34.2) 95.4(29.6) 0.058 NS
Stent diameter (mm) 3.0(0.4) 3.0(0.4) 0.766 NS
Stent length (mm) 16.6 (4.5) 15.5(¢3.5) 0.109 NS
MSA (mm?) 6.38(1.58) 6.45(1.55) 0.782 NS

Data are means (SD) or percentages. Statistical analysis was conducted using a stepwise multiple regression analysis. Values of

p<0.05 indicate significant differences. *p<0.01; **p<0.05.

NS. no significance; OMI. old myocardial infarction; SAP. stable angina pectoris; T2DM, type 2 diabetes mellitus; LDL. low-den-
sity lipoprotein; HDL, high-density lipoprotein; hs-CRP. high-sensitivity C-reactive protein; MDA-LDL. malendialdehyde-modified
LDL; MSA. minimum stent area immediately after percutaneous coronary intervention.

AB16 recognizes MDA-LDL. After an additional incuba-
tion for 1h at room temperature. the plates were washed.
and 100-g! of 10 mmol/L. e-nitrophenyl-galactopyranoside
was added. The reaction was stopped after 2h by adding
100-p1 of 0.2mol/L. sodium carbonate (pll 12). The ab-
sorbance at 405 nm and the reference absorbance at 650nm
were determined using a microplate reader (M-Vmax.
Molecular Devices. CA). A prepared solution of MDA-
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L.DI. was used as a primary standard. in which 15% of the
total amino groups were moditied. We tentatively defined
1 unit/I. MDA-LDL as the absorbance obtained with the
primary standard at a concentration of 1 mg/I.. A calibration
curve was prepared using 500- to 8.000-fold dilutions of a
reference serum, the secondary standard. and the amount of
MDA-LDL in the samples was calculated from the curve.
The reference sera were prepared from pooled sera from
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Table 2 Clinical and Biochemical Data Relating to In-Stent Restenosis in T2DM Patients

Characteristic Restenosis (+) Restenosis (-) Univariate Multivariate
(n=19) (n=24) p value pvalue
Age (vears) 661(11) 69(11) 0.442 NS
Sex (M/F) 1772 12/13 0.012* NS
OMI/SAP 8/11 12/13 0.607 A
Body mass index (kg/m*) 23.7(3.1) 26.0(4.8) 0.085 NS
Hypertension 1% 58% 0.282 NS
Smoking 35% 17% 0.179 NS
Insulin treatment . 35% 33% 0.903 NS
Medication of statin 21% 54% 0.032*% NS
Fasting plasma glucose (mg/dl) 121(19) 131(35) 0.351 NS
Glvcohemoglobin (%) 7.2(2.0} 6.9(1.3) 0.576 NS
LDL-cholesterol (mg/dl) 119¢21) 104 (19) 0.180 NS
Triglvceride (mg/dl) 140 (65) 116 (41} 0.165 NS
HDL-cholesterol (mg/dl) 40.5(8.7) 49.4(12.5j 0.024* NS
Remnant-like particle (mg/dl) 4.2(1.7) 4.4(1.8) 0.790 NS
Lipoprotein(a) 25.6(17.1) 25.4(21.7) 0.978 NS
Uric acid (mg/dl) 6.4(1.7) 58(1.2} 0.199 NS
hs-CRP 0.104 (0.096} 0.158(0.167) 0.251 NS
MDA-LDL (U/L) 117.2(32.2) 88.2(24.1) 0.008** 0.008**
Stent diameter (mm} 3.0(0.2) 29(0.3) 0.207 NS
Stent length (mm) 16.0(4.2) 15.8(3.6) 0.446 NS
MSA (mm?) 6.35(1.07) 5.98(1.25) 0.252 NS

Data are means (SD) or percentages. Statistical analysis was conducted using a stepwise multiple regression analysis. Values of

p<0.05 indicate significant differences. *p<0.01; **p<0.05.
Abbreviations see in Table 1.

healthy volunteers. In the preliminary study. serum MDA-
LDI. level in the healthy volunteers was 58.8+17.9 U/L.
(n=86) (unpublished daa).

Statistical Analvsis

A simultaneous and a stepwise multiple regression analy-
sis were used to evaluate the independent association of
various risk factors with ISR, A comparison of the varia-
bles among 4 groups (Figs 1.3) was performed using 1-way
analysis of variance with a post-hoc test (Fisher's PLSD).
Linear regression analysis and Pearson correlation coetti-
cients was used for comparisons between the glycohemo-
globin and MDA-L.DL concentrations (FFig2). Student’s
unpaired t-test was used for comparison of MDA-LDL
level before and after PCI (Fig4). Statistical significance
was detined as p<0.05.

Results

Clinical and laboratory characteristics of the enrolled
patients are shown in Table 1. Of 131 patients, 38 developed
ISR within 6 months after stenting and 93 patients did not.
A stepwise multiple regression analysis was used to evalu-
ate the independent association of various risk factors with

ISR. Sex difference (male gender). T2DM. and elevation of

glycohemoglobin (HhA 1) were positive univariate factors,
and medication of HMG-CoA reductase inhibitor (statin)
wis a negative univariate factor for ISR, However. T2DM
was the only independent risk tactor for ISR (Table 1.

The analysis shown in Table 1 clearly indicates that
T2DM is a significant risk factor for ISR, In fact, the
percentage ISR rate was 44.2% in diabetic patients (19/43
patients) compared with 21.6% in non-diabetic patients
(19/88 patients). Thus. we investigated the diabetes-related
risk factors that promote ISR, A stepwise muliiple regres-
sion analysis was also used 1o evaluate the independent
association of these variables with ISR in diabetic patients
(Table2). Male gender and elevated serum MDA-LDI.

concenlration were positive univariate factors, and medica-
tion with HMG-CoA reductase inhibitor (statin) and the
HDI.-cholesterol concentration were negative univariate
factors for ISR, However, only elevation of the serum
MDA-LDL. concentration was an independent risk factor
for ISR (Table 2).

Figl compares the average concentration of serum
MDA-LDL. in diabetic and non-diabetic patients with or
without ISR. A significant elevation of serum MDA-LDL
concentration was observed only in the diabetic patients
who developed ISR, We examined whether the serum
MDA-LDL level relates to the control of diabetes and it was
positively correlated to HbA1e in diabetic patients (Fig2).
Interestingly, this trend was not observed in non-diabetic
patients. In contrast, the HbAIc level was not statistically
different between the ISR and non-ISR groups of diabetic
patients (Fig 3). These results suggest the possibility that an
elevated plasma glucose level does not directly promote
ISR, hut rather the metabolic abnormality caused by a high
plasma glucose level increases serum MDA-LDI., which
results in the increased rate ol ISR, To exclude the possibili-
ty that an elevated serum MDA-LDL is simply derived from
the restenosis site (ie, neointima in the stent), we investi-
gated whether the serum MDA-LDL level is altered after
reatment of 1SR, but as shown in Fig4, it was not signifi-
cantly decreased after treatment (ie, mechanical crushing of
the neointima with a PCI batloon). This result sirongly sug-
gests that an elevated level of serum MDA-LDL. in diabetic
patients is not merely a consequence of restenosis.

Discussion

T2DM is a serious risk factor for poor outcome after per-
cutaneous transluminal coronary angioplasty?! Although
coronary stents improve the acute results and decrease the
rate of restenosis compared with balloon angioplasty,
diabetes remains a key independent predictor of ISRS-21.22
After stenting of native coronary arteries. diabetic patients
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