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n=4) than in non-disrupted plaques (1.11£0.12, n=6,
p <0.05), despite the equal expression of an internal marker
protein, endothelin-1 receptor (Fig. 2A). Interestingly, the
amount of active form MMP-9 determined by zymography
was significantly higher in the disrupted (2.62 = 0.12) than
in non-disrupted plaques (0.72 £+ 0.07, p <0.05), although
pro MMP-9 activity was not significantly different in dis-
rupted (1.8 40.10) and non-disrupted plaques (1.4=0.11)
(Fig. 2B). There were no significant differences between the
levels of pro and active forms of MMP-2, as demonstrated in
its mRINA expression.

3.3. Immunohistochemistry

In the adjacent control regions (Fig. 3A), there was mild
atherosclerosis where a few CD-68 positive macrophages
existed, Under these conditions, MMPs and TIMPs were scat-
teringly positive. In contrast, TFPI-2 was diffusely positive
in the intima and media. Plaque regions mainly consisted
of lipid-rich core and fibrous tissue (Fig. 3B) where CD-68
positive macrophages were accumulated particularly in the
shoulder regions ot atheroma and all MMPs and TIMPs were
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strongly positive. It was interesting that, under these condi-
tions, TFPI-2 was regionally positive in the plaque regions.
Because of small number of examined plaques, we could
not correlate expression of MMPs, TIMPs and TFPI-2 to the
stage of plague development.

4, Discussion

4.1. Gene expression of MMPs, TIMPs and TFPI-2 in
plague

One of the striking findings of the present study was that
with a decreased TFPI-2 gene expression, the MMP-9 gene
together with the MMP-9 protein was significantly upregu-
lated in plaques, particularly in plaques with disrupted fibrous
cap. Increased production of MMP-9 is thought to contribute
to the progressive deterioration of the elastic lamellae associ-
ated with vessel remodeling, which could be closely related
to the occurrence of plaque disruption {15]. Indeed, previous
studies indicated that MMP-9 was present in the coronary
plaque from unstable angina [16] and carotid plaque from
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Fig. 3. Histologic and immunohistologic findings (with original magnification of x25). (A) In the control tissues, there existed mild atherosclerotic lesion
where a few CD-68 positive macrophages was found. Under these conditions, tissue factor pathway inhibitor (TFPI)-2 was diffusely positive in the intima and
media, although matrix metalloproteinases (MMPs) and tissue inhibitor of MMPs (TIMPs) were scatteringly positive. An arrow indicates boundary between
intima and media. (B) In plaque lesions with a lipid-rich core where CD-68 positive macrophages were accumulated, all MMPs and TIMPs were strongly
positive particularly in the shoulder regions of atheroma (arrow). It was interesting that, under these conditions, TFPI-2 was regionally positive in this lesion.
EVG, elastica van Gieson; HE, hematoxylin-eosin; I, intima; M, media; SMC, smooth muscle cell.
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symptomatic patients [17]. We in fact demonstrated greater
upregulation and function of MMP-9 in plaques with fissured
fibrous cap at the mRNA as well as protein level, based on
histological findings.

Simultaneous upregulation of the MMP-1 and -3 genes
was also observed, as previously reported {18,19]. MMP-1
specifically cleaves collagen types I and III, which are key
components of the extracellular framework of the arterial wall
and major constituents of human atherosclerotic plaques, and
activate other MMPs [6] that degrade denatured collagen,
gelatin and elastin. MIMP-3 has the widest substrate repertoire
of all MMPs, showing activity against most of the extracellu-
lar proteins and proteoglycans [20]. However, unlike MMP-9,
there were no differences in the expression of MMP-1 and
-3 genes between plaques with and without rupture. This
suggests that simultaneous upregulation of these MMPs is a
plausible phenomenon in the development of atherosclerotic
plaques.

This study demonstrates diminished gene expression of
TFPI-2 in plaques that contain abundant MMPs. TFPI-2, orig-
inally considered as a serine proteinase inhibitor, is known
to be highly expressed in smooth muscle cells of the rela-
tively non-diseased tissue favoring ECM stability by inacti-
vating collagenases such as MMP-1 as well as gelatinases
probably through direct protein/protein interactions. Indeed,
Herman et al. [7] demonstrate inverse relation between TFPI
and MMP activity in atherosclerotic tissue. Thus, decreased
TFPI-2 gene expression in plaques, as observed in the present
study, might allow increased matrix degradation by MMP-
1, -3 and -9 in plaques, enhancing their susceptibility to
plaque development. It is interesting, under these condi-
tions, TIMP-1 exhibited significantly higher expression in
plaques than in controls. The combined deletion of TIMP-
1 and ApoE in mice leads to a reduction in atheroscle-
rotic plaque size [21], whereas overexpression of TIMP-1
induced by adenovirus-mediated transter in ApoE-deficient
mice leads to a decrease in plaque size and an increase in col-
lagen content [22]. Taken together, under the condition where
TFPI-2 was diminished to express, upregulation of TIMP-
1 seems to counteract overexpression of MMPs, to exert
an inhibitory effect on the development of atherosclerotic
plaque.

However, the expression ratios of MMPs to TIMP-1 were
still higher in the plaque compared with the control regions.
Compensatory expression of TIMP-1 might not be suffi-
cient to counteract the degenerative role of MMPs in the
plaque, thus contributing to the development of atheroscle-
rotic plaque. Particularly, the MMP-9/TIMP-1 ratio was sig-
nificantly higher in plaques with disruption than in those
without disruption. This suggests the functional significance
of the imbalance of expression of these genes in the occur-
rence of plaque disruption. It would be of interest to examine
which can play a more important role, TFPI-2 or TIMP-1, for
the regulation of MMP activity, since compartmentalization
might result in distinct microenvironments with correspond-
ing variations in MMP/inhibitor ratios.

4.2. Clinical implications and limitations

A recent experimental study in which local MMP-9 was
upregulated by gene transfection resulted in enhanced forma-
tion of local thrombus [23]. On the contrary, manipulation to
augment expression of expression of TIMPs prevented the
occurrence of plaque disruption [22]. Therefore, one might
speculate that the altered balance of MMP-9/TIMP-1 with
decreased TFPI-2 observed in the present study contributes to
plaque disruption associated with or without regional throm-
bosis.

The carotid plaques examined in the present study were
obtained from highly stenotic lesion probably representing
the final stage of plaque development and destabilization. In
acute coronary syndrome, however, atherosclerotic plaque
disruption is known to occur at the sites of mild to moderate
stenotic lesions [24] that were not examined in the present
study. Although preliminary results indicate that in coronary
plaques related to acute coronary syndrome MMP-9 gene was
highly expressed in comparison with that in plaques from
stable coronary disease [25], further study will need to con-
firm gene expression in carotid plaque from mild to moderate
stenotic lesion.

The present study has a limitation regarding histologi-
cal assessment of the presence of plaque disruption. Only
a small portion of each plaque was examined histologi-
cally, and it may well be that features were missed in some
patients. Several reports suggest that vulnerability to plaque
rupture is a multifocal phenomenon particularly at the time
of acute presentation [26,27]. Conversely, one might argue
that we did not necessarily determine mRNA expression
levels in the part of the plaque where histological analy-
sis was performed. Even under these conditions, imbalanced
expression of MMPs/TIMPs with reduction of TFPI-2 was
observed mn plaques, particularly in those associated with
disruption. That the control regions were obtained from adja-
cent to the culprit lesion is another limitation. However,
there was no histological evidence for plaque disruption in
the control regions used for present study even in the pres-
ence of mild atherosclerosis. It can not be excluded, how-
ever, that the disruption of the fibrous cap could be resulted
from surgical procedure, although we carefully examined
the part of plaque where surgical procedures was not
affected.

Whether upregulation of MMPs is the cause or result of
plaque disarrangement is unclear. A recent study suggested
that MMP-9 might have a protective effect against plaque
development in double ApoE and MMP-9 knockout mice
[28]. Thus, a causal relationship cannot be concluded until
a controlled trial with a specific MMP-9 inhibitor is per-
formed. Recently, MMP-8, traditionally associated only with
neutrophils, which enhanced matrix breakdown by activating
MMPs and/or by inactivating TIMP-1, was found to be highly
expressed inmacrophages in disrupted plaques [29]. Reduced
expression of TFPI-2 might be related to the enhanced
expression of neutrophil elastase in plaques, although MMP-
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8 gene expression was not determined in the present
study.

In the present study, we used real-time RT-PCR, which
gives an estimate of mRINA expression instead of protein level
for each enzyme and inhibitor, because it is still difficult to
extract some proteases such as MMP-1, which binds strongly
to connective tissue and to quantitatively assay enzyme activ-
ities [30]. However, it is important to determine the activity of
TIMPs in protein level, since determination of gene expres-
sion can sometimes misinterpret the actual change of protein
expression [31}. Therefore, evaluation of mRNA expression
of multiple genes by the present real-time RT-PCR method
in combination with determination of protein should be done
for systematic evaluation of the activities of MMPs, TIMPs
and TFPI-2 in clinical tissue samples.

Finally, the precise mechanism of the sustained overex-
pression of MMPs and TIMPs with reduction of TFPI-2
in advanced atherosclerotic plaque is still unclear. Our pre-
liminarily report indicate that CXCR-2, a chemokine recep-
tor, gene was highly upregulated in accordance with MMP
expression in macrophages [32]. This suggests that overex-
pression of MMPs could be related to a continuous inflam-
matory reaction, although there was no difference in serum
levels of hs-CRP between patients with ruptured and non-
ruptured plaques. Further study of the regulatory mechanisms
of chemokine and cytokine systems with transcription fac-
tors that also play a crucial role in MMP expression [33]
may demonstrate a significant pathway for the expression
and activation of proteinases and their inhibitors in human
atherosclerotic lesions.

5, Conclusion

We applied a real-time RT-PCR method to quantitate
mRNA expression in small samples of human carotid plaque.
Levels of MMP-1, -3, -9 and TIMP-1 mRNAs were signif-
icantly upregulated in human carotid plaque where TFPI-
2 mRNA was decreased to be expressed. The particular
upregulation of MMP-9 and resultant imbalance of MMP-
9/TIMP-1 expression could play a pivotal role in plaque
disruption. .
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Usefulness of Combined White Blood Cell Count and Plasma Gluceose for
Predicting In-Hospital OQutcomes After Acute Mycocardial Infarction
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- Admission white blood cell (WBC) count and plasma glucose (PG) have been associated with
adverse outcomes after acute myocardial infarction (AMI). This study investigated the joint
effect of WBC count and PG on predicting in-hospital outcomes in patients with AMI WBC
count and PG were measured at the time of hospital admission in 3,665 patients with AMI.
Patients were stratified into tertiles (low, medium, and high) based on WBC count and PG.
Patients with a high WBC count had a 2.0-fold increase in in-hospital mortality compared with
those with a low WBC count. Patients with a high PG level had a 2.7-fold increase in mortality
compared with those with a low PG level. When a combination of different strata for each
variable was analyzed, a stepwise increase in mortality was seen. There was a considerable
number of patients with a high WBC count and low PG level or with a low WBC count and
high PG level. These patients had an intermediate risk, whereas those with a high WBC count
and high PG level had the highest risk, i.e., 4.8-fold increase in mortality, compared with those
with a low WBC count and low PG level. Multivariate analysis was performed to assess the
predictor for in-hospital mortality using WBC count and PG level as continuous variables and
showed that WBC count and PG level were independently associated with in-hospital mortal-
ity. These findings suggested that a simple combination of WBC count and PG level might

provide further information for predicting outcomes in patients with AMIL.  © 2006 Elsevier
Inc. All rights reserved. (Am J Cardiol 2006;97:1558~1563)

An increase in white blood cell (WBC) count and a high
plasma glucose (PG) level are frequently observed in
patients with acute myocardial infarction (AMI).! WBC
count is a simple marker of inflammation, which plays an
important role in acute coronary syndrome.? Numerous
studies have demonstrated that a high WBC count is
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associated with a large infarct, impaired left ventricular
function, and mortality after AMIL3-® The potential roles
of WBC count in promoting blood coagulation, mediat-
ing microvascular no reflow, and causing myocyte dys-
function have been reported.® In addition, a high PG level
has been associated with an increased risk of mortality
and morbidity in patients with AMI, regardless of dia-
betic status.19-15 Acute hyperglycemia has been reported
to induce oxidative stress and activate coagulation, en-
dothelial dysfunction, and inflammation.'¢ Therefore, in-
flammation and hyperglycemia seem to have at least
partly similar pathogenetic mechanisms that might in-
crease myocardial injury. WBC count and PG level are
inexpensive risk markers that are routinely assessed at
the time of hospital admission in clinical practice. This
study investigated the joint effects of admission WBC
count and PG level on predicting in-hospital outcomes of
patients with AMI.

The Japanese Acute Coronary Syndrome Study (JACSS)
is a retrospective, observational, multicenter study that

was conducted at 35 medical institutions.®!5 Between
January 2001 and December 2003, consecutive patients

www.AJConline.org
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Table 1
Baseline characteristics of patients with low. medium, and high white blood cell counts
Variable WBC Count p Value
Low Medium High

(n = 1220 (n = 1.236) (n = 1.209)
Age (VIS) 71 =11 67 x 12 64 = 13 <0.001
Men 782 (64%) 879 (71%) 963 (80%) <0.001
Diabetes mellitus 321(27%) 399 (32%) 438 (36%) <0.001
Hypertension 748 {61%) 705 (57%) 648 (34%) <0.001
Smoker 420 (34%) 562 (45%) 670 (55%) <0.001
Previeus infarction 188(153%) 152 (12%) 131 (11%) 0.003
Killip's class =II 162 (13%) 212(17%) 259 (21%) <0.001
Time to admission (h) 6.5 = 8.6 6.5+ 86 70+%94 0.29
ST-segment elevation 1.008 (83%) 1.084 (88%) 1105 (91%) <0.001
Corenary interveniion 876 (71%) 919 (74%) 918 (76%) 0.03
Thrombolysis 163 (13%) 214 (17%) 221 (18%) 0.002
Table 2
Baseline characteristics of patients with low, medium. and high plasma glucose levels
Variable PG Level p Value

Low Medium High

(n = 1.206) (n = 1,225) (n = 1,234
Age {yrs) 67 = 13 68 = 12 68 = 12 0.07
Men 901 (75%) 883 (72%) 840 (68%) 0.001
Diabetes mellitus H5¢12%) 271 (22%) 732 (61%) <0.001
Hypertension 631 (52%) 734 (60%) 736 (60%) <0.001
Smoker 5364 (47%) 561 (46%) 327 (43%) 0.11
Previous infarction 159 (13%) 135(11%) 177 (14%) 0.04
Killip's class =II 132(11%) 174 (14%) 327 (27%) <0.001
Time to admission (k) 8.2 x10.1 5980 59 > 8.1 <0.001
ST-segment elevation 1025 (85 1.074 (88%) 1.098 (89%) 0.01
Coronary intervention 824 (68%) 946 (77%) 937 (76%) <0.001
Thrombolysis 177 (15%) 216 (18%) 205 (17%) 0.13

who were admitted to the participating institutions within
48 hours after the onset of AMI were enrolled in the
JACSS. WBC count and PG level were measured at the
ame of hospital admission in 3,665 patients who consti-
tuted the present study group. PG level was the nonfast-
ing glucose level measured at the time of admission. AMI
was defined by a combination of 2 of 3 characteristics.
i.e.. chest pain consistent with ongoing myocardial isch-
emia that persisted >30 minutes, ischemic electrocardio-
graphic changes. and peak creatine kinase values >2
tmes the upper limit of normal. The study protocol was
reviewed and approved by the ethical committee of each
participating institution.

Creatine kinase was measured every 2 to 4 hours after
admission and peak creatine kinase was obtained in 3.477
patients (95%). Contrast left ventriculography was per-
formed at the time of predischarge catheterization and
left ventricular ejection fraction was obtained in 1,980
patients (54%).

Blood samples for measurements of WBC count and PG
level were obtained at the time of hospital admission. Pa-
tients were stratified into tertiles based on admission WBC
count (low <8.300/mm’, n = 1.220: medium 8,300 to

11.000/mm’, n = 1.236: high >11.000/mm’, n = 1,209).
Patients also were stratified into tertiles based on admission
PG level (Jow <133 mg/dl, n = 1.206: medium 133 to 182
mg/dl. n = 1,225; high >182 mg/dl, n = 1.234).

Statistical analysis was performed with the chi-square
test for categorical variables. The t test and analysis of
variance were used for continuous variables. The nominal
regression model was used to obtain odds ratios and 95%
confidence intervals tor in-hospital mortality. In this
model, WBC count and PG level were used as continuous
variables. Multivariate analysis was performed after ad-
justing for age. gender, diabetes mellitus, hypertension,
smoking. previous infarction, time to admission, Killip's
class, ST-segment elevation, and use of reperfusion ther-
apy. Reperfusion therapy included percutaneous coronary
intervention and thrombolysis. Differences were consid-
ered statistically significant at p <0.03,

This study examined 3,665 patients (mean age 68 *+
12 years). There were 2,624 men (72%), 1.168 diabetics
(32%), 2,101 hypertensives (57%), and 1,652 smokers
(45%). Previous infarction was present in 471 patients
(13%) and a Killip's class =1l was present in 633 patients
(17%). Mean time to admission was 6.7 = 8.8 hours;
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Figure 1. In-hospital mortality increased as tertiles of (A) WBC count and
{Bj PG level increased. ANOVA = analysis of variance.

2.631 patients (72%) were admitted to the hospital within
6 hours after the onset of AMI. Electrocardiography on
admission showed ST-segment elevation in 3,197 pa-
tients (87%). Percutaneous coromary intervention was
performed in 2.707 patients (74%), and coronary stents
were used in 2,243 patients (61%). Baseline characteris-
tics of patients with low, medium, and high WBC counts
are listed in Table 1. Baseline characteristics of patients
with low, medium, and high PG levels are presented in
Table 2.

There were 218 deaths (5.9%) during hospitalization.
In-hospital mortality was more likely to be higher in
patients in a higher tertile of WBC count (3.9% in low,
6.2% in medium, and 7.8% in high WBC tertile, p
<{0.001; Figure 1). Peak creatine kinase concentrations
were 2,244 + 2,282 TU/L in the low WBC tertile, 2,851
+ 2,756 TU/L in the medium tertile, and 3,663 * 3,117
TU/ in the high tertile (p <0.001; Figure 2). Predis-
charge left ventricular ejection fractions were 56 = 12%
in the low WBC tertile, 55 = 13% in the medium tertile,
and 52 = 13% in the high tertile (p <0.001).

A higher PG tertile was also associated with higher
in-hospital mortality (3.6% in low PG tertile, 4.6% in
medium tertile, and 9.6% in high tertile, p <0.001; Fig-
ure 1). Peak creatine kinase concentrations were 2,444 *+
2,403 TU/L in the low PG tertile, 3,025 = 2,820 IU/L in

Figure 2. In-hospital mortality across tertiles of WBC count and PG level.

Table 3
Mulitivariate analysis assessing predictors for in-hospital mortality
Chi-square -~ Odds Ratio  95% CI  p Value
Killip's class =11 115.9 581 4.22-8.00 <0.001
Age 374 1.07 1.05-1.09  <0.001
WBC count 331 1.17 Li1-1.24 0.001
PG 13.8 1.06 1.03-1.10 0.001
Previous infarction 8.7 1.75 1.21-2.54 0.003
Reperfusion therapy 6.9 0.63 0.45-0.89 0.009
Smoker 5.2 0.65 0.45-0.94 0.02
Diabetes mellitus 0.4 0.89 0.61-1.29 0.53
ST-segment elevation 0.3 0.89 0.58-1.36 0.59
Hypertension 0.2 0.93 0.67-1.28 0.65
Time to admission <0.1 1.00 0.98-1.02 0.91
Men <0.1 1.01 0.77-1.35 0.94

CI = confidence interval.

the medium tertile, and 3,270 = 3,061 IU/L in the high
tertile (p <0.001; Figure 2). Predischarge left ventricular
ejection fractions were 56 * 13% in the low PG tertile,
54 + 12% in the medium tertile, and 52 = 12% in the
high tertile (p <0.001).

Influence of diabetes mellitus on in-hospital outcomes
was also investigated. There was only a marginally sig-
nificant difference in in-hospital mortality between dia-
betic and nondiabetic patients (7.1% vs 5.4%, p = 0.05).
Peak creatine kinase level was lower in patients with
diabetes mellitus than in those without (2,755 * 2,673 vs
2,992 + 2,852 TU/L, p = 0.02). There was no significant
difference in predischarge left ventricular ejection frac-
tion (54 * 12% vs 55 = 13%, p = 0.16).

In univariate analysis, WBC count (odds ratio 1.12 per
1,000/mm> increase, 95% confidence interval 1.09 to
1.11, p <0.001) and PG level (odds ratio 1.11 per 18
mg/dl {1 mmol] increase, 95% confidence interval 1.09 to
1.14, p <0.001) were associated with in-hospital mortal-
ity. Multivariate analysis showed that WBC count and
PG level were independent predictors for in-hospital
mortality and that diabetes mellitus was not (Table 3).

To examine possible interactions between WBC count
and PG level, a combination of different strata for each



p Value
for Trend
<0.001
<0.001

High PG
n = 490)
11.8%*

3,854 & 3,429*%

High WBC Count
Medium PG
(n = 391)
4.30%
3,700 + 2,846*

Low PG
5.8%*

(n = 328)
3,327 = 2,912

High PG
(= 413)
10.4%*
3,162 = 2,771*

Medium PG
(n = 436)
5.0%*
2,946 = 3,158*

Medium WBC Count

Low PG
3.10%

(n = 387)
2,409 * 2,126*

High PG
(n = 331)
5.4%%
2,538 = 2,631*

Low WBC Count
Medium PG
n = 398)
4.30%
2,435 = 2,190+

(n = 491)
2.40%

Low PG

1,891 = 2,048

(n = 3,665)
Peak creatine kinase

In-hospital mortality
(uL)

Joint effect of WBC count and PG on in-hospital mortality, peak creatine kinase, and predischarge left ventricular ejection fraction

Table 4
Variable
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k- Figure 3. Peak creatine kinase across tertiles of WBC count and PG level.
H
@ variable was analyzed (Table 4) and showed a stepwise

increase in in-hospital mortality, i.e., 4.8-fold increase

for patients with a high WBC count and high PG level
- compared with those with a low WBC count and low PG
= level (Figure 3). A stepwise increase in peak creatine
:1 kinase level and a stepwise decrease in predischarge left
wy . . . .

ventricular ejection fraction were also observed.
" This study showed that a high WBC count and high PG
" level were strong, graded, and independent predictors for
T in-hospital mortality after AMI. Infarct enlarged and left

ventricular function decreased in a stepwise manner as

WBC count and PG level increased. These findings sug-
o gested that a combination of WBC count and PG level
" provide further information for predicting outcomes of
N patients with AML

The JACSS is a Japanese multicenter registry. This
study assessed 3,663 patients with AMI who were admit-
ted to the participating medical institutions during the
e first 3 years of the new millennium,. Seventy-five percent
of patients underwent percutaneous coronary intervention
as reperfusion therapy and coronary stents were used in
most patients. Thus, the JACSS has data of patients with
AMI in the contemporary era of percutaneous coronary
intervention.

It remains unclear as to whether a high WBC count
results in a larger infarct or is merely a consequence. How-
ever, recent clinical studies have suggested that a high WBC
count is not a simple reflection of a larger infarct before
reperfusion therapy. Barron et al* reported that there was no
significant relation between WBC count and baseline crea-
tine kinase (a surrogate of infarct size on presentation),
anterior infarct location (which is associated with a large
infarction), or symptom duration. Several experimental
studies have suggested that inflammation and WBC count
may directly contribute to a larger infarct.

Recent studies have demonstrated that acute hyperglyce-
mia is a strong predictor for adverse outcomes after AMI in
diabetic and nondiabetic patients.'0-'5 Stranders et al'? re-

57x12
*p <0.001; *p <0.01; ¥p <0.05 versus low WBC and low PG.

(n = 3,476)
ejection fraction
(%) (n = 1,979)

Predischarge left
ventricular
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ported that in-hospital mortality was higher in patients with
admission hyperglycemia. but there was no signiticant dif-
ference in in-hospital mortality between diabetic and non-
diabetic patients: diabetes mellitus was associated with
higher long-term mortality. The present study associated a
high PG level with a larger infarct, impaired left ventricular
function, and high mortality after AMI There was only a
marginally significant difference in mortality between dia-
betic and nondiabetic patients. Multivariate analysis showed
that hyperglycemia was an independent predictor for in-
hospital mortality and that diabetes mellitus was not. In
some cases. a high PG level could be a marker of preexist-
ing, undiagnosed diabetes mellitus. However, hemoglobin
Alc has been reported to not be a determinant of acute
hyperglycemia and admission PG level was associated with
high mortality after AMI even after adjustment for hemo-
globin Alc.7-19 These findings suggest that PG level is a
more important predictor than diabetes mellitus for in-hos-
pital outcomes after AMI in the contemporary era of per-
cutaneous coronary intervention.

This study has the limitations of all retrospective investiga-
tions. However, assessment of admission WBC count and PG
level on outcomes after AMI was 1 of the main purposes of the
JACSS.®15 Differential WBC count might have provided fur-
ther information but we did not assess WBC subtypes.

Appendix

JACSS Principal Investigators: H Ogawa, chair (Kum-
amoto University), Y. Asada (Miyazaki Medical College), C.
Tei (Kagoshima University), K. Kimura (Yokohama City Uni-
versity Medical Center), K. Tsuchihashi (Sapporo Medical
University), M. Ishihara (Hiroshima City Hospital), S.
Miyazaki, M. Yamagishi, and Y. Ikeda (National Cardiovas-
cular Center), M. Shirai (Yamaguchi University), H. Hiraoka
(Osaka University), T. Inoue (Qita National Hospital), M.
Sonoda (Mational Hospital Kyusyu Cardiovascular Center),
and F. Saito (Nihon University Surugadai Hospital).

JACSS Participating Institutions and Clinical Investiga-
tors: T. Honda (Saiseikai Kumamoto Hospital), Y. Ogata
(Japanese Red Cross Kumamoto Hospital), T. Saito (Kum-
amoto Central Hospital), Y. Hokamura (Kumamoto City
Hospital), Y. Mizuno (Kumamoto Kinoh Hospital), H.
Miyagi (Kumamoto National Hospital), T. Matsumura
(Labor Welfare Corporation Kumamoto Rosai Hospital), T.
Tabuchi (Yatsushiro Health Insurance General Hospital), N.
Sakaino (Amakusa Medical Center), K. Kimura (Arao City
Hospital), K. Obata (Health Insurance Hitoyoshi General Hos-
pital), . Shimomura (Fukuoka Tokushukai Medical Center),
K. Matsuyama (Social Insurance Ohmuta-Tenryoh Hospital),
N. Nakamura (Shinbeppu Hospital), N. Yamamoto (Miyazaki
Prefectural Nobeoka Hospital), M. Hase (Sapporo Medical
University School of Medicine), T. Matsuki (Shinnittetsu Mu-
roran General Hospital), A. Hashimoto (Kushiro City General
Hospital), M. Abiru (Oji General Hospital), T. Matsuoka (Na-

tional Hospital Kyusyu Cardiovascular Center), H. Toda and S.
Ri (Kagoshima City Hospital), Y. Toyama, H. Yamaguchi, and
S. Toyoshima (Nanpuh Hospital), H. Torii (Kagoshima Med-
ical Association Hospital), Y. Atuchi and A. Miyamura (Te-
nyokai Chuo Hospital), 5. Hamasaki (Kagoshima University
Faculty of Medicine), and K. Miyahara (Shinkyo Hospital).
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CETP (cholesteryl ester transfer protein)
promoter — 1337 C > T polymorphism
protects against coronary atherosclerosis
in Japanese patients with heterozygous
familial hypercholesterolaemia
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A BSTRACT

CETP (cholesteryl ester transfer protein) and HL (hepatic lipase) play a role in the metabolism of
plasma lipoproteins, but the effects of CETP and LIPC (gene encoding HL) genotypes on coronary
atherosclerosis may be dependent on LDL (low-density lipoprotein)-receptor activity. Recently,
the — 1337 C > T polymorphism in the CETP gene has been reported in REGRESS (Regression
Growth Evaluation Statin Study) to be a major determinant of promoter activity and plasma CETP
concentration. In the present study, we have investigated the effects of the CETP promoter — 1337
C > Tand LIPC promoter — 514 C > T polymorphisms on serum lipid profiles and risk of coronary
atherosclerosis in 206 patients (154 males) with heterozygous FH (familial hypercholesterolaemia).
To evaluate coronary atherosclerosis, we used CS| (coronary stenosis index) calculated from
corenary angiograms. The CETP — 1337 T ailele was less frequent in subjects with a CSI > 14 (mean
value) in the group with coronary artery disease (P=0.04, as determined by x? test). ANOVA
revealed that HDL-C (high-density lipoprotein-cholesterol} and triacylglycerol (triglyceride) levels
were not significantly higher in the presence of the CETP promoter — | 337 T allele. Combined with
LIPC promoter polymorphisms, HDL-C levels were highest and CSl were lowest with CETP — 1337
CT+TT and LIPC — 514 CC genotypes, but a significant interaction was not shown. A multiple
logistic regression analysis revealed that, in patients with coronary atherosclerosis, the CETP —
1337 CC genotype was a significant genetic risk factor in FH (odds ratio =2.022; P=0.0256).
These results indicate that the CETP promoter — 337C > T polymorphism is associated with the
progression of coronary atherosclerosis in Japanese patients with FH, independent of HDL-C and
triacylglycerol levels.

Key words: cholesteryl ester transfer protein (CETP), coronary artery disease, familial hypercholesterolaemia, hepatic lipase, single
nucleotide polymorphism.

Abbreviations: AP, angina pectoris; Apo, apolipoprotein; BMI, body mass index; CAD, coronary artery disease; CETP, cholesteryl
ester transfer protein; CSI, coronary stenosis index; FH, familial hypercholesterolaemia; HDL, high-density lipoprotein; HDL-
C, HDL-cholesterol; HL, hepatic lipase; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; LDL-C, LDL-
cholesterol; MI, myocardial infarction; NCBI, National Center for Biotechnology Information; REGRESS, Regression Growth
Evaluation Statin Study.
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INTRODUCTION

CETP (cholesteryl ester transfer protein) is 2 key player
in the metabolism of major plasma lipoproteins. CETP
mediates the transfer of cholesteryl esters from HDL
(high-density lipoprotein) to Apo (apolipoprotein) B-
containing lipoproteins in exchange for tracylglycerols
(triglycerides) [1]. CETP activities are known to be
highly affected by genetic factors. For example, indivi-
duals with homozygous CETP deficiency have high
HDL-C(HDL-cholesterol) levels and low LDL-C[LDL
(low-density lipoprotein)-cholesterol] levels, and have
no evidence of premature atherosclerosis [2]. Also,
CETP gene polymorphisms, especially the Ta4IB poly-
morphism identified in intron 1, is reported to be
highly associated with plasma CETP concentrations and
HDL-C levels. Moreover, recent meta-analyses revealed
that this polymorphism is associated with the incidence
of CAD (coronary artery disease) [3-7]. However, this
polymorphism is unlikely to be functional by itself,
instead representing a surrogate marker of functional
variants of the CETP gene [8]. Indeed, previous studies
have shown that the CETP promoter —629 A > C poly-
morphism has almost complete linkage disequilibrium
with the TagIB polymorphism [9,10], and that this
polymorphism is associated with CAD [11]. On the
other hand, we have reported [8] that the haplotype
block consisting of —2668 G/A, —2505 C/A, —1337
C/T and the shortest (gaaa) repeat had a stronger asso-
ciation than Tzg/B2 or —629 A/C with low plasma
CETP concentrations and high HDL-C levels in
healthy Japanese males. Moreover, functional interaction
between ~629 C/A, —971 G/A and —1337 C/T
polymorphisms in the CETP gene is a major determinant
of promoter activity and plasma CETP concentration in
REGRESS (Regression Growth Evaluation Statin Study)
[12].

In addition vo CETP, HL (hepatic lipase) also plays
a crucial role in the metabolism of plasma lipoproteins.
HL is involved in the hydrolysis of triacylglycerol and
phospholipids in IDL (intermediate-density lipoprotein)
and large LDL particles to form smaller and denser LDL
particles, and also plays a major role in promoting the
conversion from HDL; into HDL; particles [13].
The etfects of the LIPC genotype (the gene encoding
HL) on atherosclerosis have been controversial [14], and
may be dependent on LDL-receptor activity.

FH (familial hypercholesterolaemia) is an autosomal-
dominant disorder characterized by primary hyperchol-
esterolaemia with tendon xanthomas and premature
CAD caused by mutations in the LDL receptor [15,16].
Mortality from CAD is reported to be several times
higher in subjects with heterozygous FH than in the
general population [15,16]. There are several reports
that polymorphisms or mutations in the CETP gene
influence the clinical characteristics of FH subjects

© 2006 The Biochemical Society

[17,18]. Carmena-Ramon et al. [17] reported that in FH
the TzqIB2 allele was associated with higher HDL-C
and ApoAl levels. On the other hand, our previous
study [18] showed that increased HDL-C levels caused
by a heterozygous CETP deficiency was insufficient to
prevent CAD in FH.

With this background, the present study investigated
the effects of CETP promoter —1337 C> T and LIPC
promoter —514 C>T polymorphisms on coronary
atherosclerosis in Japanese patients with heterozygous
FH.

METHODS
Study participants

We enrolled 206 consecutive Japanese patients with
heterozygous FH (26-83 years old; 154 males) who
attended our hospital. FH was diagnosed when one of
the following two criteria was met: (i) primary hyper-
cholesterolaemia [> 5.96 mmol/1(>230 mg/dl) in any age
group] ina patient with tendon xanthomas, or (ii) primary
hypercholesterolaemia with a definitive diagnosis of FH
inany first-degree relative [19]. All the females were post-
menopausal, as defined by the absence of menstruation
for > 6 months or having attained an age of > 60 years.
Those with surgical menopause were excluded. For
patients with MI {myocardial infarction), the age at the
first event was recorded, whereas for patients with AP
(angina pectoris), the age at which coronary angiography
was performed was recorded. Inclusion criteria for this
study were FH patients who were examined by coronary
angiography because of chest symptoms and/or 2
positive exercise test before lipid-lowering therapy was
injtiated. Individuals who had thyroid disease, levels
of triacylglycerol >4.52 mmol/1 (> 400 mg/dl} or who
received lipid-lowering agents, corticosteroid or oestro-
gen hormone replacement therapy were excluded. All
patients provided informed consent for participation in
the present study, which was approved by the Ethical
committee of Kanazawa University Graduate School of
Medical Science.

Assessment of CAD

For the evaluation of CAD, we used CSI (coronary sten-
osis index) to quantify the severity of coronary
atherosclerosis. The severity of stenotic changes was
assessed by a score assigned to each of the 15 segments
according to the classification of the American Heart
Association Grading Committee. A normal coronary
angiogram was graded as 0, stenosis of < 25 % was graded
as 1, 25-50 % stenosis was graded as 2, 5075 % stenosis
was graded as 3, and >75% stenosis was graded as 4.
CSI was defined as the sum of these scores in all 15
segments, producing a maximal value of 60 [15]. In the
present study, MI was diagnosed in 56 subjects with
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heterozygous FH (48 male), and AP was diagnosed in
53 subjects with heterozygous FH (ail male). The mean
CSI was 14.0 1+ 11. The mean CSI in subjects who were
diagnosed with MI and AP was 20, whereas the mean CSI
in those subjects who were without clinical symptoms of
CAD was 8. In our previous study [15], we observed
that the age of coronary artery stenosis detectable by
angiogram occurs after 17-25 years of age in male and
female subjects with heterozygous FH. In the present
study, 86 % of the subjects with MI and AP had a CSI
> 14, whereas 80 % of subjects without clinical symptoms
of CAD had a CSI < 14. Therefore we diagnosed CAD
as being present when CSI was > 14.

Assessment of conventional risk factors
Data for BMI (body mass index), smoking history,
alcohol drinking, blood pressure, diabetes status and lipid
profile were collected. Hypertension was considered to
be present if any antihypertensive treatment had been in-
stituted, if systolicblood pressurewas > 160 mmHgordia-
stolic blood pressure > 95 mmHg. Diabetes mellitus was
diagnosed if fasting plasma glucose was >6.70 mmol/
I (>120mg/dl) or >11.10 mmol/1 (>200 mg/dl) at
120 min after 75 g of oral glucose loading, or if HbA.
(glycated haemoglobin) was > 6.5 %. For smoking status,
we defined subjects who smoked <10 cigarettes/day as
non-smoakers, past smokers as ex-smokers and current
smokers.

Laboratory analysis

Blood samples were collected from subjects after 12 h of
fasting before starting lipid-lowering agents. Total chol-
esterol, triacylglycerols and HDL-C levels were deter-
mined by standard enzymatic methods. LDL-C levels
were calculated using the Friedewald formula [20].
Plasma CETP levels were determined by sandwich
ELISA, as described previously [21].

Determination of CETP and LIPC

promoter polymorphisms

Genomic DNA was isolated and purified from peri-
pheral whiteblood cells. The CETP promoter — 1337 C >
T polymorphism and the LIPC promoter ~514 C>T
polymorphism (480 in older reports) were ana-
lysed by PCR-RFLP (restriction-fragment-length poly-
morphism) methods, as described previously [8,22]. Ac-
cession numbers are as follows: CETP, gene ID 1071
[INCBI {(National Center for Biotechnology Information)
Entrez Gene database], nulceotide sequence NM.000078
(NCBI Entrez Nucleotide database) and —1337C/T SNP
rs17231506 (NCBI SNP database); and LIPC, gene ID
3990 (NCBI Entrez Gene database), nucleotide sequence
NM.000236 (INCBI Entrez Nucleotide database), —514
C/T SINP rs1800588 (NCBI SNP database) and — 514 C/
T USF binding site ccitttgaca(c/t)ggggstgaag.

Teble | Characteristics of subjects in this study
Values are means + S.EM. HDL-C* was adjusted by multiple linear regression
anzlysis, induding gender, 2lcohol intake, smoking and BHI.

Parameter (AD non-(AD P value

Gender (male/female) i 11138 0.0303
Age (yeans) ' 52+ 12 50+ 12 063601
BHI (ke/m?) BI+30 BILU 0.5000
Total cholesterol (nmol/l) 8344114 8374 1.83 0.9131
Triagylglycerdl (amol/l) 1.64 1+ 0.69 1.65 - 0.80 0.3618
HDLL (nmelfl) 1.04 4028 1.09+034 0.2052
HDLC* {mmeolll) 1174028 122+ 031 03888
1DL-C (nmol/l) 655+ 179 653+ 1.66 0.8658
Apodl (gf1) 101 +0.25 108 1+-0M 0.1222
ApoB (g1} 1771 +0383 178+ 044 0.5052
Apok {gf1) 006-+003 . 0061002 0.7330
Hypertession (n) 32 (34.0%) 10 (11.9%) 0.0070
Diabetes mellius {n ) 34 {36.2%) 12 (19.6%) 0.0079
Smokers (n) 54 (574 %) 63 (56.2%) 0.8629
Alcobol drinkars (n) 36 383 %) 4 (393%) 0.8848
ol BI+14 58-+43 < 0.6001

Statistical analyses

All values are expressed as means & 5.D. unless otherwise
noted. The allele frequency was estimated by gene
counting. One-way ANOVA was performed, followed
by multiple comparisons using Fisher’s protected least
significant difference. Serum HDL-C was adjusted by
multiple linear regression analysis. The prevalence of
patients with hypertension, diabetes mellitus, current
and past smoking, and alcohol drinking were compared
between different groups using a x? test. A multiple
logistic regression analysis was used to predict CAD from
the genotype of polymorphism, with conventional risk
factors as covariates. A probability value of P < 0.05 was
considered to be significant. All tests were performed
with StatView software (version 5.0; SAS Institute).

RESULTS

Characteristics of study subjects

The clinical and biochemical characteristics of the study
population either with CAD or without CAD (non-
CAD) are summarized in Table 1. A total of 94 the
subjects with heterozygotes FH were suffering from
CAD. There were significantly more males and subjects
with hypertension and diabetes mellitus in the CAD
group compared with the non-CAD group.

Association between — 1337 C>T

polymorphism and CS}

The frequency of the CETP promoter —1337 T allele
was 020 in both males and females; lower than in
Caucasians {12]. A few subjects in the present study had

© 1006 The Biochemical Society
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Table 2 CETP ~ 1337 C > T polymorphism and plasma CETP
fevels
P value was determined using x 2 test.

(ETP genmotype

~ 1337 ¢ -7 047

a G (ugel) » CEP (ug/ml) P value
M 3 +H 13 26+04 0.1364
fiele 17 26406 3 24%06 03139
Female 14 3613 5 3003 0.2831

the CETP promoter —1337 TT genotype (11 males and
two females), and the T allele was less frequent in subjects
with a CSI > 14. The distribution of the CETP promoter
— 1337 CC genotype differed significantly between those
with 2 CSI > 14 and those with a CSI < 14 (P=0.0426, as
determined by a x? test).

CETP promoter polymorphism

and CETP concentrations

We compared plasma CETP concentrations between the
—1337 CCand — 1337 CT + TT genotypes in a subset of
44 subjects (25 males; Table 2). The CETP concentration
tended to be lower in the presence of the T allele
(P=0.14).

CETP promoter polymorphism, lipid
profile and development of CAD

The characteristics of subjects according to CETP pro-
moter polymorphism are summarized in Table 3. As there
were only two females with the TT genotype, we analysed
men and women combined. HDL-C levels were not
significantly higher in TT genotype, and the CSI tended
to be lower in patients carrying the T allele (P =0.19).

Effects of CETP and LIPC promoter
polymorphisms on lipid profile and CS}
The frequency of the LIPC promoter —514 T allele
was 0.53 in males and 0.50 in females, which is similar
to the frequencies previously reported in Japanese
subjects, but higher than those in Caucasians [22,23].
To investigate the effects of CETP and LIPC promoter
polymorphisms on lipid profile, we compared four
subgroups stratified by high CETP genotype CC
compared with low CETP CT+TT, and high LIPC
genotype CC compared with low LIPC genotype
CT +TT. Figure 1 shows that the HDL-C level was sig-
nificantly higher in —514 CC/-1337 CT+TT than
in —514 CC/~-1337 CC [1.224036 mmol/l (47+
14mg/dl) compared with 0.98+0.30 mmol/l (38+
10 mg/dl) respectively; P <0.02], and it was significantly

higher in ~ 514 CC/~1337 CT+ TT than in —514 CT + .

TT/—1337 CC or in both CT +TT (P <0.05). LDL-C

© 2006 The Biochemical Society

Table 3 Characteristics of the subjects accowding to CETP
genotype status

Values are meams + SEH. HDLL* was adjusted by multiple linear regression
analysis, induding gender, 2cohol intake, smoking and BHI.

CETP genotype

« a m
n bi] 66 13
Totel cholesteral (nmol) 850171 8184166 14T+ 1D
Triacylgycerol (amol/l) L62+£077 1308 148057
HDL-C (amol) 1044028 1094037 LITH037
HDL-C* (mmolfl) L9018 122-H037 134037
LOL-C (rmolf) 6Ti 181 62916 6034+1M
Apohl (gfl) 1004025 109025 108401
ApoB(g/) 1812050 176047 166036
ApoE(g/l) 007003 007TH0B 0054002
Age (years) S0+ 1 $3+13 VR
BHI (kg/m?) B M3E32 082S
Smokers (%) 69 (543) 38 (57.6) 10 (76.9)
Hypertension (%) 30 (3.6) 18 (213) 4 (309)
Diabetes meffitus (%) 35 (11.6) 19 (288) 2(154)
sl 50107 1244106 1.6+96

levels did not differ significantly berween the four groups.
CSIwas significantly lowerin —514 CC/~1337CT +TT
than in — 514 CC/—1337 CC (9.6 compared with 17.2
respectively; P=0.02), suggesting an interaction between
CETP and LIPC genotype on CSL

Multiple logistic regression analysis

A multiple logistic regression analysis was performed
to determine the association of CAD and CETP pro-
moter polymorphism and other conventional risk fac-
tors, Gender, hypertension, diabetes mellitus and CETP
~1337 CC genotype exhibited significantly higher odds
ratios; however, age, smoking, HDL-C and triacylgly-
cerol levels, and the presence of LIPC —514 C>T were
not significant variates (Table 4).

DISCUSSION

The present study investigated the effects of CETP and
LIPC promoter polymorphisms on serum lipid profiles
and risk of coronary atherosclerosis in subjects with
heterozygous FH. None of the other coronary risk
factors differed significantly between CETP genotypes;
however, multiple logistic regression analysis revealed
that coronary atherosclerosis was associated with the
CETP ~1337 CC genotype. An interaction between
the CETP and LIPC genotypes for plasma HDL-C and
CAD has also been shown. :
To our knowledge, this is the first study on the effects
of the CETP promoter —1337 C>T polymorphism
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Figure | Effects of CETP and LEPC promoter polymoiph-
s on LBL-C, HBL-C aad (8]

Subleds: — 514 /— 1337 (41T (p==29) — 584 OT+T/— 1337
(=98} — 514 CC /1337 OO+ (a=1T} — 544 (T4-TH/— 1337
O+T (a=462) Toe BLL kel v sipificsly Ege 58 U
CU/— 1337 OT 77 thea ia — S14 (/1337 (€ (1.22 1036 compared
with 098 -+ 003 maelfl; P < 000), 20d & was sigeifcestly Bighor 2 — SM4
W—IRTUA+Theata — 514 T+ T1/— 1337 Wor (T T7 (P < 0.05).
The LDLC levels &4 not éiffer sigeificomtly between the fowr groups. (8 was
sigeibently lower @ — 514 (U— 1337 O+ T7 sublects then @ — 514
{0/ — 1337 CC subjects (9.6 compared with 17.1; P ==0.02).

in coronary atherosclerosis and, therefore, the first
to suggest that the CETP promoter ~1337 C>T
polymorphism is associated with the severity of coronary
atherosclerosis in heterozygous FH. In a previous study
[8], this polymarphism was associated with low plasma
CETP concentrations and high HDL-C levels more
strongly than with the TzgIB2 allele in elderly Japanese
males and, recently, this polymorphism has been reported
to bea mejor determinant of promoter activity and plasma
CETP concentration in REGRESS [12]. Therefore we

Table 4 Multiveriate adjusted relative prevalence codds
ratio of coronasy atherosclevosis by multiple logistic re-
gression analysis

for sex, male =1 and female=10; for bypertemsion, yes =1 2nd no=0; for
dbetes mellits, yes=1 and =0 for OGP — 1337 (> T polymor-
phism, (L=l aad T4 =6 for UPFC — 514 (> T polymorphise, (=2,
(T=120d =0

Variate 0dds ratio P v
fge 1.02¢ (0.993-1.050) 0.1431
Sex 4.283 {1.788-10.259) 0.0011
Hypertensioa 2628 {1.252-5.519) 0.0107
Dichetes mellitus 1136 (1.081-4.218) 0.0289
Semoldag 0.992 (0.969—1.913) 031261

TP — 1337 (> T polymorphibm
UFT — 514 (> T polymerphom

2022 (1.650-3.754) 0.0256
0.856 (0.5621.305) 04658

investigated this — 1337 site rather than the well-known
TagIB polymorphism. As subjects with FH have 2 high
risk of premature CAD, we determined the existence
of early stage coronary atherosclerotic changes by using
CSI. Our present data suggest that the association of the
CETP genotype with cardiovascular risk is independent
of serum HDL-C levels. As indicated in Table 3, there
was no significant difference in HDL-C/adjusted HDL-
C levels between CETP genotypes. The CETP TaqIB2
allele was associated with HDL-C, especially HDL,-C,
in Japanese subjects [24] and, therefore, if we had assessed
HDL,-C, this might have revealed a significant difference
between the genotypes.

There are conflicting reports as w0 whether CETP
is pro- or anti-atherogenic. Humans with homozygous
CETP deficiency have markedly high HDL-C levels
and decreased LDL-C levels, with no clear evidence of
premature atherosclerosis [2]. A CETP gene mutation
(D442G) was shown to be associated with increased
LDL particle size [25], suggesting that CETP is pro-
atherogenic. In contrast, Hirano et al. [26] have reported
that the prevalence of CETP deficiency was lower in
individuals older than 80 years of age residing in a district
of northern Japan, suggesting that CETP deficiency is
not association with longevity, and the same investigators
have shown that reduced CETP activity in conjunction
with reduced HL activity is associated with an increased
risk of CAD [27]. On the other hand, Moriyama
et al. [28] found in a cross-sectional analysis that HDL-C
elevation (> 80 mg/dl) was protective against coronary
heart disease, regardless of CETP genotype, in 19044
male and 29487 female Japanese subjects. In addition, a
recent prospective study in the Honolul: Heart Progrem
has shown the protective effects of heterozygous CETP
deficiency against CAD, although the effect was not
statistically significant [29].

© 1605 The Bischessical Socisty
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Atlower CETP concentrations, LDL-receptor activity
is up-regulated, causing a reduction in serum LDL levels
and leading to atheroprotection. Lowering CETP activity
may be beneficial in an affluent environment, where high-
fat and cholesterol-rich diets increase plasma LDL-C
levels and down-regulate hepatic LDL -receptors, such as
in FH. We presume that individuals with FH have higher
CETP activity or concentration than normolipidaemic
controls [30,31), which would be less pro-atherogenetic
when they carry the CETP promoter ~1337 T allele.
De Grooth et al. [32] reported a significant positive
correlation between carotid intima-media thickness and
CETP levels in FH, suggesting that plasma CETP
would be pro-atherogenic in FH. There are also some
reports on the CETP TagIB polymorphism and impaired
glucose tolerance [33], suggesting that CETP could be
pro-atherogenic independently of lipid metabolism. In
the present study, however, there was no significant
difference between CETP promoter — 1337 C > T pely-
morphism and serum ghacose levels (5.99 +1.94 mmol/1
in —1337 CC compared with 5.72+1.33 mmol/] in
—1337 CT +TT; P=0.20), and no difference in diabetes
prevalence (results not shown).

In addition to CETP, HL also plays a crucial role
in the metabolism of plasma lipoproteins, but the ef-
fects of CETP and HL activity on lipid profile and
CAD are unclear [14,34]. The present study found no
association between the LIPC promoter ~514¢ C>T
polymorphism and CAD and HDL-C levels; however,
CSI with the CETP ~1337 T allele and LIPC ~514 CC
was lowest in the subgroup. In another study from our

leboratory (M. Takata and A. Inazu, unpublished work),

"HL activity was significant higher in —514 CC then

CT+TT {0.282+£0.011 compared 0.231 £0.005 mmol/]
respectively, P < 0.001) in hyperlipideemic patients (n =
325, of which 183 were male). In human studies, HL
activity tends to be elevated in the presence of smoking

* [35], insulin resistance in Type II diabetes mellivus [36], in

females with omental fat mass [37] and males in general.
These reports suggest that HL is pro-atherogenic. On
the other hand, it has been reported that HL activity is
lower in patients with CAD than in those without CAD
[38]. Another group found that HL activity did not differ
between subjects with and without CAD in REGRESS
[39]. Inan environment of low HL activity, IDL increases
and it may be pro-atherogenic [40]. HL also promotes the
formation of small and dense atherogenic LDL particles
[13]. Lowering HL activity in hypertriglyceridaemia may
decrease the pro-atherogenic risk due to an improved

lipid profile! notably an increased LDL size [14]. In con- -

ditions where LDL-receptor activity is low, as in FH,
HL activity appears to be inversely associated with CAD
in subjects with low CETP concentrations (Figure 1),
suggesting that the flux of cholesterol through the sys-
tem of HDL-C transport may be more important in
preventing atherosclerosis.

© 2006 The Biochemical Socinty

The main limitations of the present study were the
relatively small sample size and the absence of data on
HDL subclass and LDL particle size.

In conclusion, the CETP promoter —1337 C>T
polymorphism is associated with the progression of
coronary atherosclerosis in Japanese patients with FH,
independent of HDL-C and triacylglycerol levels. We
believe that this genetic variant of the CETP gene pro-
moter could be an important determinant of coronary
atherosclerosis in FH, and genotype differences between
promoter variants and missense mutations need to be
clarified in future investigations.

ACHMOWLEDGMENTS

We express special thanks to the lipidologists and
cardiologists at the Second Department of Internal
Medicine, Kanazawa University, and also to Sachio
Yamamoto, Mihoko Mizuno and Mayumi Yoshida for
their technical assistance. This work was supported by
the Scientific Research Grant from the Ministry of
Education, Science and Culture of Japan (no. 10770568
and 0907010).

REFERENCES

1 Tall, A. R. (1993) Plasma cholesteryl ester transfer protein.
] Lipid Res. 34, 12551274

2 Inazu, A., Brown, M. L., Hesler, C. B. et al. (1990)
Increased high-density lipoprotein levels caused by a
common cholesteryl-ester protein gene mutation.
N. Engl. J. Med. 323, 1234-1238

3 Kuivenhoven, |. A, Jukema, ]. W, Zwinderman, A. H.
et al. (1998) The role of a common variant of the cholesteryl
ester transter protein gene in the progression of coro;
atherosclerosis. The Regression Growth Evaluation Statin
Study Group. N. Engl. §. Med. 338, 8¢-93

4 Kuivenhoven, J. A., de Knij#f, P, Boer, ]. M. et al. (1997)
Heterogeneity at the CETP gene locus. Influence on
plasma CETP concentrations and HDL cholesterol levels.
Arterioscler.,, Thromb., Vasc. Biol. 17, 560-568

5 Ordovas, . M., Cupples, L. A, Corella, D. et al. (2000)
Association of chofgfteryi ester transfer protein-TegIB
Wim with variations in lipoprotein subclasses

coronary heart disease risk: the Framingham study.
Arterioscler,, Thromb., Vasc. Biol. 20, 13231329

6 Carlquist, J. F, Muhlestein, ]. B.,, Horne, B. D. et al. (2003)
The cholesteryl ester transter protein TaqiB gene
polymorphism predicts clinical benefit of statin therapy
1n patients with significant coronary artery disease.

Am. Heart J. 146,1007-1014

7 Boekholds, S. M., Sacks, E M., Jukema, j. W. et al. (2005)
Cholesteryl ester transfer protein TagIB variant,
high-density lipoprotein cholesterol levels, cardiovascular
risk, and efficacy of pravastatin treatment: individual
patient meta-analysis of 13677 subjects. Circulation 111,
278-287 '

8 Lu, H,, Inazu, A, Moriyama, Y. et 2l. (2003) Haplotype
analyses of cholesteryl ester transfer protein gene
promoter: a clue to an unsolved mystery of TagIB

. polymorphism. J. Mol. Med. 81, 246-255

9 Dachet, C,, Poirier, O., Cambien, F, Chapman, J.and | .
Rouis, M. (2000) New functional promoter polymorphism,

. CETP/-629, in cholesteryl ester transfer protein (CETP)
gene related to CETP mass and high density lipoprotein
cholesterol levels: role of Sp1/3p3 in transcriptional

" regulation. Arterioscler., Thromb., Vasc. Biol. 20, 507-515




10
11
12

13

14
15

16

17

18
19

20
21

2

23

. 24

CETP polymorphisms and heterozygous familial hypercholesterolaemia

33

Klerkx, A. H., Tanck, M. W, Kastelein, J. J. et al. (2003)
Haplotype analysis of the CETP gene: not TaqIB, but the
closely linked -629C— A polymorphism and a novel
promoter variant are independently associated with CETP
concentration. Hum. Mol. Genet. 12, 111-123
Blankenberg, S., Rupprecht, H. J., Bickel, C. et al. (2003)
Common genetic variation of the cholesteryl ester transfer
protein gene strongly predicts future cardiovascular death
in patients with coronary artery disease. J. Am.
Coll. Cardiol. 41, 1983-1989
Frisdal, E., Klerkx, A. H., Le Goff, W. et al. (2005)
Functional interaction between — 629C/A, —971G/A and
—1337C/T polymorphisms in the CETP gene is a major
determinant of promoter activity and plasma CETP
concentration in the REGRESS Study. Hum. Mol. Genet.
14, 26072618 .
Kuusi, T, Saarinen, P. and Nikkila, E. A. (1980) Evidence
for the role of hepatic endothelial lipase in the metabolism
of plasma high density lipoprotein 2 in man.
Atherosclerosis 36, 589--593
Jansen, H., Verhoeven, A. J. and Sijbrands, E. J. (2002)
Hepatic lipase: a pro- or anti-atherogenic protein?
J. Lipid Res. 43, 1352~1362
Mabuchi, H., Koizumi, ., Shimizu, M. and Takeda, R.
(1989) Development of coronary heart disease in familial
hypercholesterolemia. Circulation 79, 225-232
Goldstein, J. L., Hobbs, H. H., Brown, M. S. et al. (2001)
Familial hypercholesterolemia. In The Metabolic and
Molecular Bases of Inherited Disease, vol. 2, 8th ed.
(Scriver, C. R., Beaudet, A. L., Sly, W. S. et al,, eds.),
Pp- 2863-2913, McGraw-Hill, New York
armena-Ramon, R., Ascaso, J. E, Real, J. T, Najera, G,
Ordovas, J. M. and Carmena, R. (2001) Association
between the TagIB polymorphism in the cholesteryl ester
transfer protein gene locus and plasma lipoprotein levels in
familial hypercholesterolemia. Metab., Clin. Exp. 50,
651-656
Haraki, T, Inazu, A., Yagi, K., Kajinami, K., Koizumi, J.
and Mabuchi, H. (1997) Clinical cimracteristics of double
heterozygotes with familial hypercholesterolemia and
cholesteryl ester transfer protem deficiency.
Atherosgerosis 132,229-236
Mabuchi, H., Higashikata, T, Nohara, A, et al. (2005)
Cutoff point separating affected and unaffected familial
hypercholesterolemic patients validated by LDL-
receptor gene mutants. J. Atheroscler. Thromb. 12,
3540
Friedewald, W. T, Levy, R. L and Fredrickson, D. S. (1972)
Estimation of the concentration of low-density lipoprotein
cholestero] in plasma, without use of the preparative
ultracentrifuge. Clin. Chem. 18, 499-502
Kiyohara, T, Kiriyama, R., Zamma, S. et al. (1998)
Enzyme immunoassay for cholesteryl ester transfer
protein in human serum. Clin. Chim. Acta 271,
109-118
Inazu, A, Nishimura, Y., Terada, Y. and Mabuchi, H.
(2001) Effects of hepatic lipase gene promoter nucleotide
variations on serum HDL cholesterol concentration in
the general Japanese population. J. Hum. Genet. 46,
172177
Carr, M. C,, Brunzell, J. D. and Deeb, S. S. (2004) Ethnic
differences in hepatic lipase and HDL in Japanese, black,
and white Americans: role of central obesity and LIPC
polymorphisms. J. Lipid Res. 45, 466473
kewaki, K., Mabuchi, H., Teramoto, T. et al. (2003) Japan
CETP Study Group. Association of cholesteryl ester
transfer protein acuvity and TaqIB polymorphism with

lipoprotein variations in Japanese subjects.

etab., Clin. Exp. 52, 15641570

25

26

28

29

30

31

32

33

34

35

37

38

39

40

Wang, J., Qiang, H., Chen, D., Zhang, C. and Zhuang, Y.
(2002) CETP gene mutation (D442G) increases
low-density lipoprotein particle size in patients with
coronary heart disease. Clin. Chim. Acta 322, 85-90
Hirano, K., Yamashita, S., Nakajima, N. et al. (1997)
Genetic cholesteryl ester transfer protein deficiency is
extremely frequent in the Omagan area of Japan. Marked
hyperalphalipoproteinemia caused by CETP gene
mutation is not associated with longevity.
Arterioscler., Thromb., Vasc. Biol, 17, 1053-1059
Hirano, K., Yamashita, S., Kuga, Y. et al. (1995)
Atherosclerotic disease in maied
hyperalphalipoproteinemia. Combined reduction of
cholesteryl ester transfer protein and hepatic triglyceride
lipase. Arterioscler., Thromb., Vasc. Biol. 15, 18491856
Moriyama, Y., Okamura, T., Inazu, A. et al. (1998) A low
prevalence of coronary heart disease among subjects with
increased high-density lipoprotein cholesterol levels,
including those with plasma cholesteryl ester transfer
protein deficiency. Prev. Med. 27, 659667
Curb, J. D., Abbott, R. D., Rodriguez, B. L. et al. (2004)
A prospective study of HDL-C and cholesteryl ester
transfer protein gene mutations and the risk of coronary
heart disease in the elderly. J. Lipid Res. 45, 948-953
Inazu, A., Koizumi, J., Mabuchi, H., Kajinami, K. and
Takeda, R. (1992) Enhanced cholesteryl ester transfer
rotein activities and abnormalities of high density
Epoproteins in familial hypercholesterolemia.
Horm. Metab. Res. 24, 284-288
Hogue, J. C., Lamarche, B., Gaudet, D. et al. (2004)
Relationship between cholesteryl ester transfer protein and
LDL heterogeneity in familial hypercholesterolemia.
J- Lipid Res. 45, 1077~1083
de Grooth, G. J., Smilde, T. J., Van Wissen, S. et al. (2004)
The relationship between cholesteryl ester transfer protemn
levels and risk factor profile in patients with famili
hypercholesterolemia. Atherosclerosis 173, 261~267
Weitgasser, R., Galvan, G., Malaimare, L. et al. {2004)
Cholesteryl ester transfer protein TagIB polymorphism
and its relation to parameters of the insulin resistance
syndrome in an Austrian cohort. Biomed. Pharmacother.
58, 619-627
de Grooth, G. J., Klerkx, A. H,, Stroes, E. S., Stalenhoef,
A.F, Kastelein, J. J. and Kuivenhoven, J. A. (2004)
A review of CETP and its relation to atherosclerosis.
J- Lipid Res. 45, 1967-1974
Kong, C,, Nimmo, L., Elatrozy, T. et al. (2001) Smoking is
associated with increased hepatic lipase activity, insulin
resistance, dyslipidaemia and early atherosclerosis in
Type 2 diabetes. Atherosclerosis 156, 373-378
Baynes, C., Henderson, A. D., Anyaoku, V. et al. (1991)
The role of insulin insensitivity and hepatic lipase in the
dyslipidaemia of type 2 diabetes. Diabetic Med. 8, 560-566
Carr, M. C,, Hokanson, J. E., Zambon, A. et al. §2001) The
contribution of intraabdominal fat to gender differences in
hepatic lipase activity and low/high density lipoprotein
heterogeneity. J. Clin. Endocrinol. Metab. 86, 2831-2837
Dugi, K. A., Brandauer, K., Schmidt, N. et al. (2001) Low
hepatic lipase activity is a novel risk factor for coronary
artery disease. Circulation. 104, 3057-3062
Jansen, H,, Verhoeven, A. J., Weeks, L. et al. (1997)
Common C-to-T substitution at position ~480 of the
hepatic lipase promoter associated with a lowered lipase
activity in coronary artery disease patients.
Arterioscler., Thromb., Vasc. Biol. 17, 2837-2842
Hodis, H. N., Mack, ¥. J., Dunn, M. et al. (1997)
Intermediate-density lipoproteins and progression of
carotid arterial wall intima-media thickness.
Circulation 95, 20222022

Received 20 April 2006721 June 2006; accepted 6 July 2006
Published 25 Immediate Publication 4 July 2008, doi:10.1042/CS20060088

%

© 1086 The Biochemical Socisty



Joumal of Atherosclerosis and Thrombosis Vol.13, No.4 197

Original Article

Effect of Walking with a Pedometer on Serum Lipid and Adiponectin
Levels in Japanese Middle-aged Men
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Objective: To clarify the effects of walking with a pedometer on metabolic parameters, including ad-
iponectin (APN).

Methods: We recruited 44 male Japanese volunteers (age, 37 + 9 yrs; body mass index (BMI), 24.2 =
2.9 kg/m?; fasting plasma glucose (FPG), 96 = 11 mg/dL; total cholesterol (TC) 190 26 mg/dL; tri-
glycerides (TG) 119 + 80 mg/dL; HDL-C56 = 14 mg/dL). Subjects were instructed to walk with a
pedometer and record the number of steps they walked every day for 50 days. Serum adiponectin
(APN) levels were measured by enzyme immunoassay. Treatment effects were examined by Wilcoxon’s
rank test.

Resulss: The average number of steps was 8211 + 2084 per day. There were significant reductions in
BMI, sBP, TG and TNF-a levels after 50 days, but no changes in adiponectin levels, We then divid-
ed the subjects into 2 groups according to the steps walked per day, namely, more than 8000 steps (MT
group, n=22) and less than 8000 steps (LT group, n=22) and found that the reduction in TG and
BP was observed only in the MT group.

Conclusions: Walking with a pedometer is effective for improving metabolic parameters, such as TG
and blood pressure, but is not sufficient to increase adiponectin levels in Japanese men.

J Athevoscler Thromb, 2006; 13:197-201,
Key words; Waist circumference, Percent body fat, Triglycerides, HOMA-R, Adiponectin
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: Introduction

To prevent lifestyle-related disease, such as dys-
lipidemia, hypertension; type 2 diabetes (T2DM) and

. cardiovascular disease, it is important to exercise daily.
Walking with a pedometer is easy and can be incorpo-
rated in: to; daily life even:for, individuals with a busy

vy schedulel It is generallyacoepted that regular exercise,
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Adiponectin (APN), an adipocytokine, is a plas-
ma protein expressed exclusively in adipose tissue®®,
the plasma levels of which are linked to insulin sensi-
tivity”'?. APN mRINA and its plasma concentrations
are known to be reduced in T2ZDM and atherosclerot-
ic disease!®* 19, Several studies in humans, monkeys and
rodents have shown that APN is an insulin-sensitizing
cytokine and exhibited anti-atherogenic moieties'®.

Several studies have been conducted on the ef-
fects of exercise using a bicycle ergometer and tread-
mill walking on plasma APN levels in obese or over-
weight subjects'”1”, and they showed that exercise did
not change APN levels. However, to our knowledge,
no study has investigated the effects of walking with a
pedometer, a practical form of daily exercise, on APN
levels in individuals of normal body weight.
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With this background, the aim of this study was
to clarify the effects of daily walking with a pedometer
on APN levels as well as other metabolic parameters
connected to life-style-related disease.

Subjects and Methods

We recruited 44 male volunteers (age, 37 = 9 yrs)
with a sedentary lifestyle who were instructed to wear
a pedometer (TANITA FB-714) from the time they
got up until they went to bed for 50 consecutive days
and to record the number of steps they walked every
day. All subjects were employees of a food company in
Kanazawa city, Japan. We did not perform dietary
therapy. Exclusion criteria included: abnormal liver or
muscle enzymes, creatinemia, habitual alcohol intake
>3 standard drinks/day or endocrinological disorder.
Subjects who already walked daily using a pedometer
were also excluded. Two subjects were on medication
for hypertension (A-I receptor antagonist), three for
hyperlipidemia (statins) and one for hyperuricemia (al-
lopurinol). The dosage for these drugs did not change
during the study period, and they had been on those
medications for at least a few months before starting
this study. Drinkers (consuming more than 30 grams
of alcohol per day) and smokers (smoking more than
10 cigarettes) were also excluded from this study, be-
cause these factors are known to considerably affect
plasma lipoprotein metabolism. Percent body fat (PBF)
was determined from bioelectrical impedance analyses
(BIA) using TANITA BC-118D (TANITA Corpora-
tion, Tokyo, Japan). Venous blood was obtained after
a 12-h overnight fast. Serum total- and high-density
lipoprotein (HDL) cholesterol and triglyceride levels

- were determined before and after 50 days. Serum cho-
" lesterol and triglyceride levels were measured by enzy-
- matic methods. HDL-cholesterol was measured by a

- polyanion-polymer/detergent (PPD) method (Daiichi,

Tokyo). Serum insulin concentrations were determined
using a commeicial enzyme immunoassay kit (Eiken,
Tokyo, Japan). The homeostasis model assessment of

. insulin resistance (HOMA-R), a surrogate measure for

i

1

i

insulin sensitivity™®, was calculated as fasting insulin

X PG: (mmolfL)/22.5. Serumilevels of adiponectin
[Otsuka Chémical] and TNF-e' [R&D Systems]were

measured by ELISA. A statement of institutional ap-

» proval was granted for this study in accordance with
the Declaration of Hélsinki and informed consent was

| obtained from all participants.

. RS P B A ¥
Statistidal Amalysis 1+ v,

‘Statistical evaluation was performed using Stat-

| View-] 5.0 software (SAS Institute, Cary, NC, on a

Table 1. Baseline characteristics and changes in metabolic pa-
rameters in all subjects (n=44)

Variables Before After Pvalue
Body mass index, kg/m* 24.2%29 23929  0.0009
Percent body far, % 227%53 224=54 021
Waist, cm 851x77 847=%8.1 0.27
sBE mmHg 122 11 11710 0.0089
dBE mmHg 779 75%9 0.176
TC, mg/dL 190£26  189%24 099
TG, mg/dL 119+ 80 101 £ 52 0.019
HDL-C, mg/dL 56+ 14 57 = 13 0.25
FPG, mg/dL 96 =11 9511 0.36
Glycoalbumin, % 14410 143=1.1 0.091
HOMA-R 1.87+1.20 1.68=%115 0.19
TNF-a, pg/mL 158049 148x051 0.023
Adiponectin, pg/mL 6823 66x23 0.32

sBP, systolic blood pressure; dBP, diastolic blood pressure
TC, rotal cholesterol; TG, triglycerides; HDL-C, HDL-cholesterol
FPG, fasting plasma glucose; HOMA-R, homeostasis model assess-

ment of insulin resistance

Macintosh Computer). All results are presented as the
mean * SD. Wilcoxon’s rank test was used for evalua-
tion of the significance of differences between before
and after 50 days of walking with a pedometer.

Results

Baseline Characteristics and Changes in Metabolic
Parameters in All Subjects (Table 1)

The average number of steps of the 44 men over
the 50-day period was 8211 = 2084 steps per day.
There was a subtle but significant reduction in body
mass index (BMI), but no significant changes in PBF
and waist circumference. There were significant reduc-
tions in systolic blood pressure (sBP), serum triglycer-
ides (TG) and TNF-a levels; however, APN did not
show a significant change during this period.

Changes in Metabolic Parameters in MT and LT
Groups (Tables 2 and 3) :

© We divided the subjects into 2 groups according : ¢ v+

to the steps they walked: per ddy, namely, more than

8000 steps (MT group,n=22) and less than 8000 éteps * |

(LT group, n=22). The average number of steps in the
MT and LT groups was 9960 = 1100 and 6462 = 1128

steps per day, respéctively. In the MT group, TG and,
sBP levels fell con%idg:gab‘ly after 50 days, wheseas in’

the LT group nope of these metabolic parameters
showed a considerable change afier 50 days of walking.
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Table 2. Changes in metabolic parameters in subjects walk-
ing more than 8000 steps per day (n=22)

Table 3. Changes in metabolic parameters in subjects with
less than 8000 steps per day (n=22)

Before After P value Before After Palue
Body mass index, kg/m*  23.9%23 237%22  0.0018 Body mass index, kg/m*  244%35 242%35 0.17
Percent body fat, % 22045 21941 0.52 Percent body fat, % 233%6.1 242=%6.5 0.24
Waist, cm 844+73 84.0x72 0.41 Waist, cm 858*8.2 855x9.0 047
sBB mmHg 124+ 11 11411 0.0005 sBE mmHg 119+ 11 11987 0.86
dBP, mmHg 78=10 749 0.085 dBE mmHg 77+7.8 7792 0.95
TC, mg/dL 18926 187 =25 0.71 TC, mg/dL 191 = 27 19124 0.73
TG, mg/dL 12575 102 =61 0.034 TG, mg/dL 114 = 86 99 = 44 0.22
HDL-C, mg/dL 53.0+9.8 53.1%10.6 045 HDL-C, mg/dL 5917 60 =15 0.47
FPG, mg/dL 96 = 10 95+8.5 042 FPG, mg/dL 9613 96 = 13 0.64
Glycoalbumin, % 14410 14310 0.15 Glycoalbumin, % 144=11 143=13 0.37
HOMA-R 1.78£1.06 146%0.64 0.11 HOMA-R 197+1.34 1.89=%148 0.76
TNF-a, pg/mL 152031 138:026 0.09 TNF-a, pg/mL 17£06 1.6%06 012
Adiponectin, pg/mL 67%23 6423 0.21 Adiponectin, pg/mL 7024 69+24 0.77

sBB, systolic blood pressure; dBE, diastolic blood pressure
TC, total cholesterol; TG, triglycerides; HDL-C, HDL-cholesterol
FPG, fasting plasma glucose; HOMA-R, homeostasis model assess-

ment of insulin resistance

sBP, systolic blood pressure; dB, diastolic blood pressure
TC, total cholesterol; TG, wiglycerides; HDL-C, HDL-cholesterol
FPG, fasting plasma glucose; HOMA-R, homeostasis model assess-

ment of insulin resistance

Table 4. Correlations of waist circumference, BMI and % fat (PBF) versus several metabolic parameters at baseline

Waist BMI % fat

Variables r p t p r p
Age 0.203 0.187 0.111 0.472 0.214 0.163
BMI 0.878 <0.0001 - - 0.901 <0.0001
PBF 0.893 <0.0001 0.901 <0.0001 - -
Waist - - 0.878 <0.0001 0.893 <0.0001
sBP 0.315 0.0373 0.306 0.0433 0.299 0.049
dBP 0.409 0.0058 0.287 0.0588 0.434 0.0033
TC ~0.047 0.760 -0.031 0.841 -0.017 0914
TG* 0.165 0.285 0.085 0.583 0.201 0.192
HDL-C -0.336 0.0256 ~0.384 0.0101 -0.324 0.032
FPG 0.400 0.0071 0.374 0.0124 0.434 0.0032
HOMA-R* Dot 04662 <0.0001 0.596 <0.0001 0.667 <0.0001
Adiponectin® -0.417 0.0049 -0.300 0.0477 -0.384 0.0102

*These values were logarithmically wansformed before correlation analysis.

BMI, body mass index; PBE, percent body far; sBR, systolic blood pressuze; dBP, diastolic blood pressure; TC, total cholesterol; TG,
. wiglycerides; HDL-C, HDL-cholesterol; FPG, fasting plasma glucose; HOMA-R, homeostasis model assessment of insulin resistance

- Corfelation of ) BMIy Besd¢entiBody Fat (PBF) and
Waist Girctsmférence with Bletabolic Parameters at
the Baseline (Table 4)

+ 11+ Significant associations wete hoted between BMI,

* .| PBF fand waist circumfetence vérsus serum APN lev-

vels;:atnong whithi the Jassociation between waist cir-
cumferefice: ahd | serum: ladiponegiin levels was most
pronounced. Simjlasly there were cbnsiderable associa-
tions between BMI, PBF and waist circumference, and
HOMA-R.

Correlation between the Number of Steps Per Day
with % Changes in Metabolic Parameters During
the Study Period

Among the metabolic parameters investigated, %
changes in sBP showed a significant correlation (r=
-0.401, p=0.0069) and BMI tended to show a corre-
lation (r= —0.276, p=0.068) with the number of steps
per day, whereas no other metabolic parameters showed
a significant correlation.





