136 DIABETES RESEARCH AND CLINICAL PRACTICE 85 (2009) 132-138

Table3 - Logiétic analysis of 113-HSD1 SNPs with the risk of metabolic syndrome adjusted by age and sexr(both)'dr by agve:
{men or women). '

and age (OR=1.5 for allelic effect, 95%C.1,, 1.0-2.2; P=0.041
and Bonferroni corrected P =0.123). In only men, +9410T>A
SNP was nominally associated with metabolic syndrome,
while the higher frequency of metabolic syndrome in men
lead to the higher power in comparison with women. Taken
together all, after considering multiple comparisons we could
not find any statistically significant association between
metabolic syndrome and SNPs in the HSD11B1 gene. Further-
more, we could not find any significant association between
metabolic syndrome of the ATP Iil criteria and these three
SNPs, respectively. We next performed the covariance
analysis of the traits related to metabolic syndrome including
BMI, waist circumference, systolic and diastolic blood pres-
sures, fasting glucose, HbAlc, and triglyceride and HDL-
cholesterol levels in person with or without the +3410T>A
SNP, but the SNP did not affect these clinical parameters in
total population or only men (Table 4).

Next we studied haplotypes of the HSD11B1. The associa-
tion between haplotypes comprising SNP-5, -6, and -7 and
metabolic syndrome revealed that any haplotype could not
have a significant susceptibility to metabolic syndrome

(Table 5). The ATG haplotype was nominally associated with
a increased risk of metabolic syndrome in men (metabolic
syndrome 7.1%, control 4.0%; OR=1.82, 95%C.l., 1.01-3.25;
P =0.042 and Bonferroni corrected P =0.168), while the TTG
haplotype was nominally associated with a decreased risk of
metabolic syndrome in men (metabolic syndrome 26.4%,
control 32.6%; OR=0.74, 95%C.I.,, 0.57-0.98; P=0.033 and
Bonferroni corrected P=0.132). Although only the TTG
haplotype had decreased risk effect among haplotypes with
+9410T, the association of these haplotypes with metabolic
syndrome is mainly explained by +9410T>A SNP.

4, Discussion

This study was a case-control study using a population-based
urban Japanese cohort. Metabolic syndrome was diagnosed
according to the 2005 Japanese definition [18] and the control
subjects were defined as having none of the components of
this syndrome. Using these criteria, we obtained 431 indivi-
duals with metabolic syndrome and 777 control subjects for

Table 4 =~ Comparison of clinical parameters in urban Japanese men and women (n = 3005) according to 113-HSD1 gene

+9410T>A genotype.
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_association with metabolic syndrome.

the case-control study. We could not find any significant
association between SNPs in the HSD11B1 gene and metabolic
syndrome.

11B-HSD1 is expressed abundantly in adipose tissue and
reactivates cortisone to cortisol [1]. Recent experiments using
transgenic and knockout mice suggest that 113-HSD1 plays a
critical role in metabolic deterioration [6-9]. When cortisol
generation is increased in peripheral tissues, the overall
cortisol reaction is also increased. In humans, 118-HSD1
expression is heightened in the adipose tissue of obese
individuals [10]. Therefore, 113-HSD1 is a promising target
for the pharmacological inhibition in metabolic syndrome
patients [11-13].

A previous study showed that a HSD11B1 gene polymorph-
ism is associated with BMI and insulin resistance in a group of
obese Pima Indian children [16] with type 2 diabetes mellitus
and hypertension and reported that 11g-HSD1 mRNA con-
centrations were associated with adiposity {14,15}. The T - G
polymorphism in the 3rd intron {rs12086634) protects against
diabetes in Pima Indians [14] and reduces 113-HSD1 gene
transcription in vitro [19], which is consistent with reduced
cortisol generation within cells. The rs12086634 polymorph-
ism was completely in linkage disequilibrium with the
r$932335 SNP (+27447G>C) that was analyzed in this study.
We did not find a positive association between the +27447G>C
SNP and metabolic syndrome in japanese men.

There are some limitations in this study. First limitation
was the Japanese criteria for metabolic syndrome, which is
different from the ATP Il criteria. Third, there were deviations
in social factors, including age, gender, race/ethnicity, geo-
graphic location, and socioeconomic status. This cohort
consisted of urban citizens residing in a subtropical area with
a temperate climate. Most subjects were Asian with a higher
percentage of elderly people.

In summary, the HSD11B1 gene is not associated with
metabolic syndrome in Japanese. However, taken together
with previous results, 118-HSD1 might be involved in meta-
bolic syndrome pathogenesis by modulating lipid metabolism
and gluconeogenesis. Further studies are needed to investi-
gate the role of 118-HSD1 in metabolic syndrome.
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Objective: The impact of elevated triglycerides (TG) and non-high density lipoprotein cholesterol (non-
HDLC) on the incidence of stroke and myocardial infarction (MI) has not been well evaluated in Asian
populations such as in Japan, which have a lower incidence of myocardial infarction, but a higher risk of
stroke than Western populations.
Methods: The authors conducted an 11.7-year prospective study ending in 2005 of 5098 Japanese aged
30-79 living in an urban population, initially free of stroke or MI. The relationship between serum lipids
Triglycerides and the risk for §troke and MI was determined by dividing the participants into four groups stratified
Myocardial infarction by the combination of serum levels of TG and non-HDLC, The cut-off value was 1.7 mmol/L for TG and
Stroke 4.9 mmol/L for non-HDLC.
Cohort studies Results and conclusion: The total person-years were 59,774 (27,461 for men and 32,313 for women).
Lipids and lipoprotein During the follow-up period, there were 113 cases of M and 180 of stoke (with 116 cerebral infarctions).
Compared with the low TG/low non-HDLC group, the hazard ratic (95% confidence interval) for Ml in
the high TG/high non-HDLC group was 2.55 (1.53-4.24) after adjustment for other cardiovascular risk
factors. The hazard ratio for cerebral infarction in the high TG alone group was 1.63 (1.03-2.56); however,
the risk of cerebral infarction was not significantly increased in the other groups. High serum levels of
TG and non-HDLC are both important targets for the prevention of cardiovascular disease in Japan.

© 2009 Elsevier Ireland Ltd. All rights reserved.

Keywords:

1. Introduction Therefore, our a priori hypothesis was that the coexistence of

high serum TG and non-HDLC increases the risk of CAD and stroke

Previous studies suggested that high levels of serum total
cholesterol (TC) and low density lipoprotein cholesterol (LDL-C)
are causal risk factors for coronary artery disease (CAD) [1-4]
and possibly for ischemic stroke [5]. However, less attention has
been paid to high serum levels of triglycerides (TG) [6-8]. Fur-
thermore, although the US National Cholesterol Education Program
Adult Treatment Panel guideline I (NCEP-ATP IiI) has set goals
for non-high-density lipoprotein cholesterol (non-HDLC) after the
achievement of LDL-C goals in patients with elevated TG [9], the
impact of TG and non-HDLC on the incidence of cardiovascular
disease (CVD) has not been evaluated in the Japanese population,
which has a lower incidence of CAD but a higher risk of stroke than
Western populations {10].

* Corresponding author at: Department of Preventive Cardiology, National Car-
diovascular Center, 5-7-1, Fujishiro-dai, Suita, Osaka 565-8565,
Japan, Tel.: +81 6 6833 5012x2228/2188; fax: +81 6 6833 5300.
E-mail address: okamurat@hsp.ncve.go.jp (T. Okamura).

0021-9150/$ - see front matter © 2009 Eisevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2009.09.012

in the Japanese population. To investigate this hypothesis, we
performed a long-term prospective study in an urban, community-
dwelling Japanese population.

2. Methods
2.1. Populations

The Suita study, a cohort study for CVD of urban residents was
established in 1989. The details of this study have been described
elsewhere [4,11-14]. Briefly, 6485 men and women aged 30-79
years had a baseline survey at the National Cardiovascular Cen-
ter between September 1989 and March 1994. Of these, a total
of 1387 were excluded for the following reasons: past history of
coronary heart disease or stroke (n=210), lack of participation
in the baseline survey {n=79), non-fasting visit (n=166), use of
lipid-lowering agents (11=125), missing data (n=109), and lost to
follow-up (n=698). Data from the remaining 5098 participants
(2404 men and 2694 women) were included in the analysis. This
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cohort study was approved by the Institutional Review Board of the
National Cardiovascular Center.

2.2. Baseline examination

Blood samples were collected after the participants had fasted
for at least 10 h. The samples were centrifuged immediately and
a routine blood examination was performed that included serum
total cholesterol (TC), HDL cholesterol, TG and glucose levels.

Blood pressure was measured in triplicate on the right arm after
5min of rest by well-trained physicians using a standard mercury
sphygmomanometer. The average of the second and third mea-
surements was used for analysis. Hypertension was defined as
eitherasystolicblood pressure (SBP) > 140 mmHg, a diastolic blood
pressure (DBP)> 90 mmHg or the use of antihypertensive agents.
Diabetes was defined as a fasting serum glucose > 7.0 mmol/L
(126 mg/dL), the use of anti-diabetic agents, or both. Height with
bare feet and weight in light clothing were measured. Waist cir-
cumference (WC) was measured at umbilical level in a standing
position. Metabolic syndrome (MetS) was defined using modified
NCEP-ATP Il criteria [13], of which abdominal obesity was defined
according to the International Obesity Task Force central obesity
criteria for Asia [15].

Public health nurses obtained information on the smoking,
drinking and medical histories.

2.3. Endpoint determination

The endpoint determination was previously reported {4,11~14).
The endpoints of the present study were: (1) the first myocardial
infarction (MI) or stroke event; (2) death; (3) leaving Suita city; or
(4) December 31, 2005.

The first step in the survey for Ml and stroke involved check-
ing the health status of all participants by repeated clinical visits
every two years and yearly questionnaires by mail or telephone.
In the second step, in-hospital medical records of participants who
were suspected of having an MI or stroke were reviewed by regis-
tered hospital physicians or research physicians, who were blinded
to the baseline information. The criteria for stroke were defined
according to the US National Survey of Stroke criteria [16]. For each
stroke subtype [i.e., cerebral infarction, intracerebral hemorrhage,
and subarachnoid hemorrhage], a definite diagnosis was estab-
lished based on the computed tomography, magnetic resonance
imaging, or autopsy. The criteria for definite and probable MI were
defined according to the criteria of the MONICA (Monitoring Trends
and Determinants of Cardiovascular Disease) project [17]. Sudden
deaths of unknown origin that occurred within 24 h of the onset
were classified as Ml in the present study.

2.4. Statistical analysis

The relationship between serum lipids and the risk of MI and
stroke was described by dividing the participants into four groups
stratified by the combination of serum levels of TG and non-HDLC.
We used 1.7 mmol/L (150 mg/dL) of serum TG as a cut-off point for
high serum TG according to the classification of NCEP-ATP Il [9]
and that of the Japan Atherosclerosis Society [3]. The category of
non-HDLC >4.9 mmol/L (190 mg/dL) was defined as a high serum
non-HDLC, which was equivalent to 6.2 mmol/L (240 mg/dL) of TC
or4.1 mmol/L(160 mg/dL)of LDL-C, because non-HDLC was usually
0.8 mmol/L (30 mg/dL) higher than LDL-C {9,18-19].

Continuous variables between groups were compared by anal-
ysis of variance and categorical variables were compared by a
chi-square test. The hazard ratio (HR) for MI or stroke was cal-
culated using a proportional hazards model adjusted for age,
hypertension (dichotomous variable), diabetes, HDL-C, body mass

index (BMI), smoking (never-smoked; ex-smoker; current smoker)
and drinking (never-drank; ex-drinker; regular drinker) (mode! 1).
Sex-combined analysis with further adjustment for sex was also
performed. Another statistical model after replacement of BMI and
hypertension with WC and SBP level (continuous variable) was also
performed (model 2). .

All confidence intervals were estimated at the 95% level and
significance was set at a P value of <0.05. The Statistical Package
for the Social Sciences (SPSS Japan Inc. version 15.0], Tokyo, Japan)
was used for all the analyses.

3. Results

The median and interquartile range of serum TG in the base-
line survey was 1.29 mmol/L (0.90, 1.90) in men and 0.98 mmol/L
(0.73, 1.41) in women. The mean baseline serum non-HDLC was
3.93:+£0.91 mmol/L in men and 4.03 + 1.03 mmol/L in women.

The means or prevalence of major cardiovascular risk factors
in each group stratified by the combination of serum levels of TG
and non-HDLC are summarized in Table 1. There was no signifi-
cant difference in mean age and the prevalence of smoking among
the TG and non-HDLC groups for men. There were significant differ-
ences in all other variables. Mean BMI, waist circumference and the
prevalence of hypertension and diabetes were highest in the high-
TG/high non-HDLC group, whereas the values of these parameters
were lowest in the low-TG/low-non-HDLC group for both sexes.
The prevalence of Mets was much higher in the high-TG groups
than in the low-TG groups irrespective of non-HDLC level.

The total person-years were 59,774 (27,461 for men and 32,313
for women), with a mean follow-up period of 11.7 years. During
the follow-up period, there were 113 first Mis and 180 first strokes.
The strokes consisted of 28 intracerebral hemorrhages, 116 cere-
bral infarctions, 21 subarachnoid hemorrhages and 15 unclassified
cases.

Table 2 shows the number of cases, age and multivariable-
adjusted HRs for MI stratified by TG and non-HDLC. Compared
with the low TG/low non-HDLC group, the HR for Ml in the high
TG/high non-HDLC group was 2.05 (95% confidence interval, CI,
1.08-3.90) in men, 3.79(95% Cl, 1.58-9.14) in women and 2.55 (95%
(1, 1.53-4.24) in both sexes combined in multivariable adjusted
model 1. Wedid not observe asignificantincrease in the HR for Ml in
the other groups. Similar results were observed after replacement
of BMI and hypertension with WC and SBP level (model 2).

Table 3 shows the multivariable-adjusted HRs for cerebral
infarction stratified by levels of TG and non-HDLC. Compared with
the low TG/low non-HDLC group, the HR for cerebral infarction in
the high TG alone group (high TG/low non-HDLC group) was 1.45
(95% C1, 0.84-2.50) in men, 2.09 (95% CI, 0.92-4.73) in women and
1.63(95% Cl, 1.03-2.56) in both sexes combined in statistical model
1. There was no significant increase of cerebral infarction in the
other groups. Similar results were also observed in statistical model
2.

The incidence of total stroke, intracerebral hemorrhage and sub-
arachnoid hemorrhage was not related to TG and non-HDLC levels
in either sex. When the participants were divided into two groups
by age (<60 and >60), the results of all the analyses listed above
were similar in both age groups (data not shown).

4. Discussion

To our knowledge, this is the first cohort study in Japan to clarify
the risk for MI and ischemic stroke of high serum level of TG, non-
HDLC and both. The risk for Ml of both high serum TG and non-
HDLC was considerably higher than the risk without both or with
only one. This relationship was similarly observed in both men and
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Table 1

Means and prevalence of major cardiovascular risk factors in each group stratified by the combination of serum levels of triglycerides (TG) and non-high-density lipoprotein

cholesterol (non-HDLC).

o LowTG/lowNan-HDLC - LowTG/high Non-HDLC " High TG/lowNon-HDLC -

- High TGjhigh Non-HDLC- - Pvalue

TG, triglycerides; non-HDLC, non-high-density lipoprotein cholesterol; BMI, body mass index. Brackets indicate standard deviation.
Analysis of variance was used for comparisons of multiple group means and the chi-square test was used to compare proportions.
" Inter-quartile range.
* MetS was defined using modified NCEP-ATP I, Abdominal obesity was defined as a waist circumference >0.90 m in men and > 0.80 m in women. High blood pressure was
defined as average systolic/diastolic blood pressures of > 130/85 mm Hg and/or current medication for hypertension. High triglyceride was defined as serum triglycerides of
>1.7 mmol/L. Low HDL cholesterol was defined as serum HDL cholesterol levels of <1.03 mmol/L in men and of <1.29 mmol/L in women. High blood giucose was defined as
fasting blood glucose of >6.1 mmol/L and/or current use of anti-diabetic medication. MetS was defined as the presence of three or more of these components.

women. In contrast, the risk for ischemic stroke was highest in the
participants with high TG alone.

TG-rich lipoproteins have been shown to be atherogenic, and
thus, they are associated with coronary atherosclerosis [9,19-20].
As NCEP-ATP HI pointed out [9], elevated non-HDLC is a good
therapeutic target in patients with high TG, because the serum
concentration of non-HDLC reflects not only LDL-C but also the
cholesterol content of all other TG-rich and apolipoprotein B con-
taining lipoproteins, such as very low density lipoprotein (VLDL),
intermediate density lipoprotein (IDL), small dense LDL particles
and theirremnant lipoproteins {19-20]. In the Helsinki Heart study
[21), most of the risk for coronary heart disease (CHD) was con-
fined to participants with high levels of both TG and LDL-C. In the
West of Scotland Coronary Prevention Study [22], a higher inci-
dence of CHD was observed in men in both the pravastatin and
placebo groups when TG was at or above the median level. Pischon
et al. suggested that TG added significant information to non-HDLC

for CAD risk prediction in a nested case-control study [23]. Our
findings are consistent with previous studies.

Similar to previous studies in Japan [4,10], we found no asso-
ciation between non-HDLC and cerebral infarction even in the
presence of high serum TG, which may be due to a lower preva-
lence of atherothrombotic infarction than in Western populations.
The ARIC study indicated that TC was associated with increased
risk of non-lacunar, non-embolic stroke (atherothrombotic infarc-
tion), but not with lacunar or embolic stroke [24]. A recent report
from a Japanese rural population showed that LDL-C is a risk fac-
tor for only atherothrombotic infraction [25]. Unfortunately, due
to the relatively small stroke cases in our study, we were not able
to demonstrate an association between any subtype of cerebral
infarction and non-HDLC.

It is not clear why participants with high TG alone showed
the increased risk for cerebral infarction in the present study. In
a meta-analysis of 26 cohort studies in Asia-Pacific area, partici-
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Table 2

Age and multivariable-adjusted hazard ratios (95% confidence intervals) for myocardial infarction stratified by TG and non-HDLC groups in an 11.7-year prospective study

of 5098 Japanese men and women.

i Low TGlow Non=HDLC fii i)

%+ Low TG/high Non~HDLC!

High TG/iow Non-HDLC High TG/high Non-HDLC

‘Men

Peison-years ;< 11288 e
Case’n e B
Aze adjusted S163(0,70-3.83)
Model 130 0 148 (062-349)
Model 28 - 155(0.66:3.66)°
Woimen :

Perspn-years.”. -
CCaserniuii

Age adjusted:

2404 i
AT dete e

S ATA(1.50:5.02) 1
£12.05(1.08-3.90)
5 2.10(1:10-398}

28((’).88-5,94) e

- : AR 29540.6)
1557} i

1379(1.58:9.14)

| 2409410

TG, triglycerides; non-HDLC, non high-density lipoprotein cholestersl.

3 Multivariable adjusted for age, body mass index, hypertension, diabetes, HDL (high-density lipoprotein) chalesterol, cigarette smoking and alcohol intake by a Cox
proportional hazard model. Sex was also adjusted in the men and women combined model.
b Replacement of bady mass index and hypertension as covariates in model 1 with waist circumference and systelic blood pressure level.

pants grouped in the highest fifth of serum TG had a 50% increased
risk of stroke compared with those in the lowest fifth {26]. Recent
reviews have also concluded that hypertriglyceridemia seems to
be a causal risk factor for ischemic stroke [7-8]. However, above-
mentioned findings were not able to explain the low incidence
of cerebral infarction in the high TG/high non-HDLC group in the
present study. An elevated risk for MI might mask the relationship
between TG and cerebral infarction; because there would be no fur-
ther follow-up after a first M1. Another large study concerning about
the relationship between serum TG and stroke should be needed.
Recently, we have reported that high serum LDLC and non-HDLC
are both associated with an increased risk of Ml; and the predic-
tive value of non-HDLC for M1 is almost similar to that of LDL-C {4].
However, we did not use serum TG as a covariate to avoid over-
adjustment, because difference between serum level of LDLC and

Table 3

non-HDLC was automatically determined by serum TG level when
serum LDLC value was calculated by the Friedewald formula [27].
Considering all the findings together, non-HDLC and TG may be rec-
ommended as beneficial screening markers for primary prevention
of CAD in the Japanese community, as they are less expensive and
more convenient because non-HDLC can be calculated irrespective
of serum TG level.

The present study has some limitations. First, the single TG and
non-HDLC measurement at the baseline survey may have underes-
timated the relationship between these lipids and cardiovascular
disease due to regression dilution bias. Furthermore, we did not
evaluate longitudinal trend for each risk factor and its medica-
tion status after baseline survey. Especially, hypertriglyceridemia
is associated with not only present existence of metabolic com-
ponents, such as hypertension and diabetes, but also new onset

Age and multivariable-adjusted hazard ratios (95% confidence intervals) for cerebral infarction stratified by TG and non-HDLC groups in an 11.7-year prospective study of

5098 Japanese men and wormen.

TG, triglycerides; non-HDLC, non high-density lipoprotein cholesterol.

2 Multivariable adjusted for age, body mass index, hypertension, diabetes, HDL (high-density lipoprotein) cholesterol, cigarette smoking and alcohol intake by a Cox
proportional hazard model. Sex was also adjusted in the men and women combined model.
b Replacement of body mass index and hypertension (prevalence) as covariates in model 1 with waist circumference and systolic blood pressure levels.
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of them in the future {28,29]. Second, we did not measure serum
apolipoprotein B (apoB) [22}, apolipoprotein A1 (ApoA1) and LP(a)
[30], which some previous studies have shown to be strong risk fac-
tors for CAD [22]. Third, a recent study indicated that non-fasting
TG is a better predictor of CAD than fasting TG {31]. However, in a
large individual based meta-analysis in the Asia-Pacific region [26],
most blood samples were collected during fasting, and there was
a significant positive relationship between serum TG and CAD or
stroke.

In conclusion, a combination of higher serum levels of TG and
non-HDLC is associated with an increased risk of Ml in a Japanese
population. Furthermore, the risk for ischemic stroke was highest
in the participants with high TG alone; however, further research
should be needed. High serum levels of TG and non-HDLC are
both important targets for the prevention of cardiovascular dis-
ease, which requires evidence-based guidelines for management
in the primary care setting.
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Metabolic syndrome is a significant and independent
risk factor for increased arterial stiffness in Japanese

subjects

Hiroki Satoh!?, Reiko Kishi? and Hiroyuki Tsutsui!

Metabolic syndrome (MetS) has been recognized as a risk factor for cardiovascular disease; however, the impact of MetS on
arterial stiffness has not been fully established in the general Japanese population. We analyzed the relationship between MetS
and the severity of arterial stiffness using brachial-ankle pulse wave velocity (baPWV) in 2744 male and 358 female subjects
aged 38-62 years, adjusted for conventional risk factors and C-reactive protein. The prevalence rates of MetS identified by
Japanese criteria were 22.7% (n=624) and 7.8% (n=28) in male and female subjects, respectively. The subjects with MetS
had significantly greater mean values of baPWV than those without MetS among both male and female subjects (1444 + 209 vs.
1294 + 165 cm/s in male subjects, P<0.001; 1379+ 151 vs. 1220+ 171 cm/s in female subjects, P<0.001). After
adjustment for atherosclerotic variables such as age, smoking habits, total cholesterol and C-reactive protein, the odds ratio
(OR) of MetS for increased baPWV was 3.65 in male subjects (95% confidence interval (Cl): 2.99-4.47, P<0.001) and 8.02
in female subjects (95% Cl: 3.18-20.25 P<0.001). In conclusion, MetS was identified as a significant and independent risk
factor for increased arterial stiffness in both the male and female general population in Japan.
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INTRODUCTION
Metabolic syndrome (MetS) is an accumulation of risk factors such as
visceral obesity, hypertension, dyslipidemia and glucose intolerance,!
and has been closely associated with increased risk of cardiovascular
disease,>* diabetes mellitus® and mortality.58 MetS is defined accord-
ing to the diagnostic criteria set forth by the National Cholesterol
Education Program Adults Treatment Panel 11T (NCEP-ATPIII)® and
the International Diabetes Federation (IDF).!® In Japan, MetS is
diagnosed by criteria proposed for the Japanese population in 2005.!!
Arterial stiffness has been identified as an independent risk factor
for cardiovascular disease and subsequent mortality.!>!> The bra-
chial-ankle pulse wave velocity (baPWV) obtained by a non-invasive
automatic device is an indicator of arterial stiffess.'%!7 Several studies
have indicated that MetS defined by the NCEP-ATPIII and IDF criteria
is closely associated with increased arterial stiffness.'®?! The impact of
MetS defined by Japanese criteria on arterial stiffness, however, has not
been fully examined in the general population in Japan. Moreover,
previous studies have not examined the effects of MetS on arterial
stiffness after adjustment for other atherogenic risk factors such as age,
smoking, total cholesterol and C-reactive protein (CRP).

The aim of this study was to investigate the relationship between
MetS and arterial stiffness measured by baPWV in the general
Japanese population.

METHODS

Study subjects

The study subjects included 3144 Japanese subjects employed by two compa-
nies in Hokkaido, aged 38-62 years old, who had an annual health checkup
during the period from April 2007 to March 2008. A total of 42 subjects (37
male and 5 female subjects) were excluded from the analysis because of the
following reasons: prior coronary heart disease or stroke (1=28, 24 male and 4
female subjects), peripheral artery disease (7=9, 8 male subjects and 1 female
subject), hemodialysis (#=2, 2 male subjects), and atrial fibrillation (n=3, 3
male subjects). Thus, a total of 3102 subjects remained in the present analysis.
The two companies having study subjects approved the study protocol and
informed consent was obtained from all participants.

Data collection

Body weight, height and waist circumference were measured in the morning in
the fasting state. Body mass index was calculated as body weight (kilograms)
divided by height (meters) squared. Smoking habits, alcohol intake and exercise
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habits were evaluated by interviews. Subjects who had never smoked and ex-
smokers were classified as ‘nonsmokers’. Subjects were divided into two groups
by the frequency of exercise; <1 time per week or >1 time per week. Blood
pressure was measured by a trained nurse using a standard mercury sphygmo-
manometer with the study subjects in the sitting position and after at least
5min of rest. Blood samples were obtained from the antecubital vein in the
morning after an overnight fast, and the serum was separated. After precipita-
tion by heparin manganese, total cholesterol and high-density lipoprotein

Table 1 Baseline characteristics of male subjects

(HDL)-cholesterol were measured by the phosphotungstate method. Triglycer-
ides were measured enzymatically. Fasting plasma glucose was enzymatically
determined by the hexokinase method. CRP was measured by nephelometry
with a latex particle-enhanced immunoassay.

We used the definition and diagnostic criteria of MetS in Japan;*! subjects
with waist circumference >85cm in male and >90 cm in female subjects with
at least two of the other three criteria, including systolic blood pressure
>130mmHg and/or diastolic blood pressure >85mmHg, triglycerides

MetS (n=624) No MetS n=2120) P-value
Age (years) 52.6£6.1 51.2%+6.6 <0.001
Body mass index (kgm~2) 256+2.7 23.1%27 <0.001
Waist circumference (cm) 92+6 85+7 <0.001
Systolic blood pressure (mm Hg) 13914 12314 <0.001
Diastolic blood pressure {mm Hg) 87%9 77+10 <0.001
Total cholesterol (mg per 100 ml) 209+36 201+30 <0.001
Triglyceride (mg per 100 mi) 176 (137-245) 105 (75-141) <0.001
HDL-cholesterol (mg per 100mi) 54+13 62116 <0.001
Fasting plasma glucose {(mg per 100 ml) 114128 97+16 <0.001
Heart rate (b.p.m.) 6811 6319 <0.001
CRP {mg per 100ml) 0.08 {0.05-0.13) 0.06 {0.04-0.10) <0.001
Current smoking (%) 441 47.2 0.17
Alcohol intake (%) 74.7 69.8 <0.05
Frequency of exercise
2= Liweek (%) 27.6 28.0 0.82
Medical history
Hypertension (%) 32.1 8.4 <0.001
Diabetes mellitus (%) 9.6 1.8 <0.001
Hyperlipidemia (%) 12.8 4.5 <0.001
Abbreviations: CRP, C-reactive protein; HDL, high-density lipoprotein; MetS, metabolic syndrome.
Variables are presented as mean * s.d., median (interquartile range) for skewed variables, or percentage.
Table 2 Baseline characteristics of female subjects
MetS (n=28) No MetS (n=330) P-value
Age (years) 51.2+5.0 50.1£7.4 0.50
Body mass index (kgm=2) 28.3+4.0 21.6%3.1 <0.001
Waist circumference (cm) 99+7 83+9 <0.001
Systolic blood pressure {mm Hg) N 138+11 118+£17 <0.001
Diastolic blood pressure (mm Hg) 847 72+11 <0.001
Total cholesterol (mg per 100 ml) 210+37 206+33 0.54
Triglyceride (mg per 100 ml) 167 (105-281) 74 (58-99) <0.001
HDL-cholesterol {mg per 100ml) 63116 75%17 <0.01
Fasting plasma glucose (mg per 100 mi) 117+32 93+18 <0.01
Heart rate (b.p.m.) 69+11 64+9 <0.01
CRP {mg per 100ml) 0.09 (0.05-0.21) 0.04 (0.04-0.07) <0.01
Current smoking (%) 28.0 28.5 0.96
Alcohol intake (%) 56.0 40.9 0.14
Frequency of exercise
= liweek (%) 8.0 24.2 0.06
Medical history
Hypertension (%) 40.0 5.2 <0.001
Diabetes mellitus {%) 16.0 1.5 <0.001
Hyperlipidemia (%) 6.2 5.5 0.34

Abbreviations: CRP, C-reactive protein; HDL, high-density lipoprotein; MetS, metabolic syndrome.

Variables are presented as mean * s.d., median (interquatile range) for skewed variables, or percentage.
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>150 mg per 100 ml and/or HDL-cholesterol <40 mg per 100ml, and fasting
plasma glucose > 110 mg per 100ml

Arterial stiffness was assessed using baPWV measured by a volume-plethys-
mographic apparatus (Form PWV/ABI; Colin, Komaki, Japan).?? baPWV was
recorded after at least 5min of rest. This device was able to measure the
phonocardiogram, electrocardiogram, volume pulse form and arterial blood
pressure at left and right brachia and ankles, and time intervals between the
wave front of the right brachium and that of both ankles were calculated.
Ankle/brachial pressure is the ratio of ankle to brachial systolic blood pressure,
and right and left ankle/brachial pressures were measured simultaneously. We
used the mean of right and left baPWV values in the analysis.

Statistical analysis
All analyses were performed separately for male and female subjects. The
clinical and biochemical data of the study subjects are expressed as mean*ts.d.,
as median (and interquartile range) for variables with a skewed distribution,
and as a percentage. The differences in variables between the two groups were
examined by Student’s unpaired t-test for approximately normally distributed
variables; by the Wilcoxon rank-sum test for triglycerides and CRP; and by the
¥>-test for smoking habits, alcohol intake, exercise habits and medical history.
Multiple logistic regression analysis was performed to investigate the relation-
ship between MetS and arterial stiffness with adjustment for other variables
such as age, smoking habits, total cholesterol, and CRP.

A P-value of less than 0.05 was considered to indicate statistical significance.
All statistical analyses were performed using SPSS software version 11.0
(SPSS Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics of the male and female study subjects are
shown in Tables 1 and 2, respectively. The prevalence of MetS was
22.7% in male subjects and was 7.8% in female subjects. Male subjects
with MetS had significantly higher age, body mass index, systolic and
diastolic blood pressure, total cholesterol, triglycerides, fasting plasma
glucose, heart rate and CRP, along with lower HDL-cholesterol values.
The prevalence of alcohol intake, hypertension, diabetes mellitus and
hyperlipidemia was higher in male subjects with MetS than in those
without MetS. Female subjects with MetS had significantly greater
body mass index, systolic and diastolic blood pressure, triglycerides,
fasting plasma glucose, heart rate and CRP, along with lower HDL-
cholesterol values. The prevalence of hypertension and diabetes mellitus
was higher in female subjects with MetS than in those without MetS.

Figure 1 shows the mean values of baPWV in male and female
subjects with or without MetS. Male and female subjects with MetS
had significantly higher mean values of baPWV than subjects without
MetS (male subjects; 1444 + 209 vs. 1294 + 165 cm/s, female subjects;
1379 £ 151 vs. 1220 £ 171 cm/s).

Baseline characteristics of the study subjects according to low and
high baPWV values are shown in Table 3. High baPWV was
designated as more than 1429 and 1308 cm/s in male and female
subjects, respectively, which was the cutoff value between the third and
fourth quartiles. The prevalence of MetS was significantly higher in
subjects with a high baPWV than in those with a low baPWV among
both male and female subjects (42.3 vs. 16.2% in male subjects,
P<0.001; 18.9 vs. 3.0% in female subjects, P<0.001). Male subjects
with a high baPWV had significantly greater age, smoking and CRP
values than those with low baPWV. Female subjects with high baPWV
had significantly greater age than those with low baPWV.

Multiple logistic regression analysis was performed to examine the
relationship between high baPWV and dependent variables in Table 4.
After adjustment for age, smoking habits, total cholesterol, CRP and
heart rate, the odds ratio (OR) of MetS for high baPWV values was
3.65 in male subjects (95% confidence interval (CI): 2.99-4.47,
P<0.001) and 8.02 in female subjects (95% CI: 3.18-20.25 P<0.001).

Metabolic syndrome is a significant and independent risk factor
H Satoh et af

a P<0.001
1500

1

baPWV (cm/s)

No MetS MetS
(n=2,120) (n=624)

b 1500

P<0.001

baPWV (cm/s)

No MetS MetS
(n=330) (n=28)

Figure 1 Brachial-ankle pulse wave velocity (baPWV) in male (a) and female
(b) subjects with and without metabolic syndrome (MetS). baPWV, brachial-
ankle pulse wave velocity; MetS, metabolic syndrome.

DISCUSSION

This study shows that MetS is associated with increased arterial
stiffness in the general Japanese population, independent of other
atherogenic risk factors.

The prevalence of MetS subjects defined by Japanese criteria in this
study was 21.0%; 22.7% in male subjects and 7.8% in female subjects.
Thus, the prevalence rate was about 3-fold higher in male subjects
than in female subjects. The prevalence rate of MetS in this study was
similar to that found in the latest National Health and Nutrition
survey in 2004.8 In that survey, the incidence of MetS in male and
female subjects was reported to be 23.0 and 8.9%, respectively.

The previous studies have reported that MetS is closely associated
with increased arterial stiffness!®2! Schillaci et al.2% found that MetS,
according to the NCEP-ATP III criteria, was associated with arterial
stiffness measured by carotid—femoral PWV. Li et al.!® found that
baPWV values increased with increasing components of MetS as
defined by the NCEP-ATP 111 criteria. Sipild ef al.?! showed a similar
relationship between MetS and arterial stiffness using the IDF criteria.
Conventional risk factors such as age, smoking, total cholesterol and
CRP are closely associated with arterial stiffness; 227 however, these
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Table 3 Baseline characteristics of male and female subjects

according to baPWV

High baPWV Low baPWV P-value

Male

n 775 2327

MetS (%) 42.3 16.2 <0.001

Age {(years) 54.4%5.1 50.6%6.6 <0.001

Total cholesterol 203131 203132 0.92

(mg per 100ml)

Current smoking (%) 48.8 39.7 <0.001

CRP {mg per 100 ml} 0.07 (0.05-0.13) 0.06 (0.04-0.10) <0.001
Female

n 92 266

MetS (%) 18.9 3.0 <0.001

Age {years) 53.0t4.4 4931738 <0.001

Total cholesterol 207+33 20633 0.83

(mg per 100ml)

Current smoking (%) 27.8 28.7 0.87

CRP (mg per 100 mi} 0.04 (0.04-0.10) 0.05 (0.04-0.07) 0.31

Abbreviations: baPWV, brachial-ankie pulse wave velocity; CRP, C-reactive protein;

MetS, metabolic syndrome.

High baPWV was designated as greater than 1429cms~! and 1308cms™! in male and
fermale subjects, respectively.

Variables are presented as mean * s.d., median {interquartile range) for skewed variables,
or percentage.

Table 4 Multiple fogistic regression analysis with the relationship
between high baPWV and risk variables

Variables OR 95% Cli P-value
Male
MetS 3.65 2.99-4.47 <0.001
Age 1.11 1.09-1.13 <0.001
Total cholesterol 0.98 0.95-1.01 0.21
Smoking 1.26 1.04-1.52 0.02
CRP 2.09 1.43-3.07 <0.001
Female
MetS 8.02 3.18-20.25 <0.001
Age 1.12 1.06-1.18 <0.001
Total cholesterol 0.95 0.87-1.03 0.20
Smoking 1.02 0.58-1.81 0.95
CRP 1.77 0.6045.29 0.30

Abbreviations: baPWV, brachial-ankle pulse wave velocity; Cl, confidence interval; CRP, C-reactive
protein; MetS, metabolic syndrome; OR, odds ratio.

studies could not exclude the influence of these atherogenic conven-
tional risk factors. In this study, Japanese subjects with MetS had
greater baPWV values than those without MetS, and importantly,
MetS was a significant risk for increased arterial stiffness in both
genders, even after adjustment for other risk factors such as age,
smoking habits, CRP and total cholesterol.

The baPWV is a non-invasive index of arterial stiffness.?? Increased
arterial stiffness is one of the pathological states of vascular
damage and has been closely associated with the development of
cardiovascular diseases. Nagano et al.?® showed that age and blood
pressure were major determinants of baPWV values, and other risk

Hypertension Research

factors such as diabetes mellitus, dyslipidemia, smoking and high CRP
were also associated with increased baPWV.2? In this study, risk factors
such as age and CRP, which are not involved as risk components in the
MetS definition, were also associated with increased arterial stiffness.

MetS has been established as an endocrine and inflammatory
disorder related to insulin resistance.*® Nakanishi et al3! showed
that insulin resistance was closely associated with the risk of increased
arterial stiffness. These results indicate that hyperinsulinemia may be
involved in the increased arterial stiffness in MetS found in this study.
Hyperinsulinemia has been shown to promote the synthesis of
collagen, stimulate hyperplasia and hypertrophy of vascular smooth
cells’? and cause endothelial dysfunction by interfering with the
generation of vasodilatory and vasoconstrictive substances such as
nitric oxide and endothelin-1.3

There are several limitations that should be acknowledged in this
study. First, medications such as anti-hypertensive drugs and lipid-
lowering agents were not examined in our study subjects. Second,
baPWV is an indirect marker of increased arterial stiffness or
decreased arterial compliance, and we did not examine structural
changes of the arterial wall using ultrasound technology.

In conclusion, this study has identified MetS as a significant and
independent risk factor for increased arterial stiffness in both male and
female subjects. As such, MetS should be recognized to have a crucial
impact on public health in the general Japanese population.
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Methods and results: We analyzed 7 biomarkers (brain natriuretic peptide, uric acid,
sodium, hemoglobin, creatinine, creatinine clearance, high-sensitivity C-reactive
protein), which were known as established prognostic markers for CHF, in 154 con-
secutive CHF patients, and patients were prospectively followed with endpoints of
cardiac death or re-hospitalization. When there was an abnormal value, we scored
it for one point to catculate multimarker score. Patients were categorized into 3
strata according to multimarker score. There were 83 cardiac events during the
follow-up period. A Cox proportional hazard model showed that patients in the high
stratum were associated with the highest risk of cardiac events among the 3 strata.
Kaplan—Meier analysis revealed that patients in the high stratum had a significantly
higher cardiac event rate compared with lower strata.

Conclusion: The combination of conventional biomarkers could potentially improve
the risk stratification of CHF patients for the prediction of cardiac events with low
cost and wide availability.
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Introduction

Chronic heart failure (CHF) still represents the
major cause of death and hospitalization and has
a poor prognaosis despite the significant reduction
in mortality achieved in clinical trials [1—3]. The
prognostic evaluation of CHF patients involves a
complex assessment of multiple interacting vari-
ables. There is currently no simple clinical criterion
or score for predicting early outcome and iden-
tifying patients who require such caution. New
York Heart Association (NYHA) functional classi-
fication and several tests including chest X-ray,
echocardiography, radionuclide ventriculography,
cardiopulmonary exercise test, and hemodynamic
measurements, while helping to estimate the
degree of CHF, are subject to interobserver vari-
ations in interpretation. Therefore, the ability to
identify CHF patients at higher risk for adverse
outcomes has led to optimize therapeutic interven-
tions and improve the ominous prognosis [4].

Although there has been substantial interest
in the use of newer biomarkers for identification
of CHF patients, risk assessment, and preven-
tion of cardiac events recently, few investigations
have evaluated the incremental usefulness of mut-
tiple conventional biomarkers. Measurement of
several biomarkers simultaneously could enhance
risk stratification. Previous studies demonstrated
that elevated levels of brain natriuretic peptide
(BNP) [5], uric acid [6], and high-sensitivity C-
reactive protein (hs-CRP) [7], and decreased levels
of sodium [8] and hemoglobin [9], and renal
insufficiency {10] were associated independently
with increased risk of cardiac events in patients
with CHF. Importantly, each of these markers
assesses different pathophysiological mechanisms.
We hypothesized that simultaneous assessment of
these biomarkers will provide complimentary infor-
mation and enable clinicians to stratify risk more
effectively among CHF patients. We therefore eval-
uated the combination of 7 biomarkers (BNP, uric
acid, hs-CRP, sodium, hemoglobin, creatinine, cre-
atinine clearance) for predicting cardiac events in
154 consecutive patients hospitalized for CHF from
various etiologies during a mean follow-up period
of 526 +313 days.

Methods

Study population

Between November 2001 and September 2007, we
prospectively studied 154 consecutive CHF patients
(62 men and 92 women, mean age 71412 years,

Table 1 Clinical and laboratory characteristics of
154 patients with chronic heart failure.

Al chronic heart
failure patients

(n=154)
Age (years) 71412
Gender (male/female) 62/92
NYHA functional class (il{/1V) 113/41
Hypertension 87 (56%)
Diabetes mellitus 40 (26%)
Hyperlipidemia 28 (18%)
Smoking 28 (18%)
Etiology of chronic heart failure
Dilated cardiomyopathy 52 (34%)
Ischemic heart disease 34 (22%)
Valvular heart disease 33 (21%)
Hypertensive heart disease 20 (13%)
Others 15 (10%)
Laboratory markers
Creatinine (mg/dl) 1.1540.86
Hemoglobin (g/dl) 12.042.2
Sodium (mmol/L) 139.2+3.8
Uric acid (mg/dl) 6.9+2.4
BNP (pg/ml) 1019 £ 1140
hs-CRP {mg/dl) 0.46+0.35
Creatinine clearance (ml/min)  44.5430.8
Muttimarker score 4.27+1.44
Echocardiography
LVEDD (mm) 56 + 11
LVEF (%) 42 +19
Medications at discharge
ACE inhibitors and/or ARBs 108 (70%)
B-Blockers 48 (31%)
Calcium channel blockers 26 (17%)
Spironolactone 51 (33%)
Loop diuretics 119 (77%)
Digoxin 55 (36%)
Statins 17 (11%)

NYHA, New York Heart Association; BNP, brain patriuretic
peptide; hs-CRP, high-sensitivity C-reactive protein; LVEDD,
left ventricular dimension at end-diastole; LVEF, left ventric-
ular ejection fraction; ACE, angiotensin-converting enzyme;

ARB, angiotensin Il receptor blocker.

range 37—93 years) who had been admitted to
the Yamagata University Hospital for the treat-
ment of worsening CHF. The diagnosis of CHF was
made by two senior cardiologists using the generally
accepted Framingham criteria. Baseline charac-
teristics of the population are shown in Table 1,
Exclusion criteria in this study were patients with
clinical or electrocardiographic evidence sugges-
tive of acute corcnary syndrome within 3 months
prior to admission, those with renal insufficiency
characterized by a serum creatinine concentration
>1.5mg/dl, and those with active hepatic dis-
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ease, active pulmonary disease, and degenerative
disease of the muscles. Patients who underwent
percutaneous coronary intervention or coronary
artery bypass graft within 3 months prior to admis-
sion were also excluded. informed consent was
obtained from all patients before participation in
this study, and the protocol was approved by the
Human Investigations Committee of our institution.

Blood samples were obtained at admission from
all patients. The optimal cut-off values for 7
biomarkers were determined as those with the
largest sum of sensitivity plus specificity on each of
the receiver operating characteristic (ROC) curves.
When there was an abnormal value, we scored
it for one point to calculate multimarker score.
Patients were categorized into 3 strata according to
multimarker score. Transthoracic echocardiography
was performed by experienced echocardiologists
without knowledge of the biochemical data using
an ultrasound instrument (Hewlett Packard SONOS
5500 and 7500) equipped with a sector transducer
(carrier frequency of 2.5 or 3.75MHz) within 1
week of admission. Demographics and clinical data,
including age, sex, and NYHA functional class at
admission, were collected from hospital medical
records and patient interviews. Physicians were
kept blind to the results of the biochemical mark-
ers, and optimal medical therapy was administered
independently based on improvement in symptoms,
physical examination findings, and pulmonary con-
gestion on chest X-ray [11]. Diuretics were given
in flexible dosages on the basis of body weight
and daily diuresis. Spironolactone was administered
as 25 or 50 mg/day. Angiotensin-converting enzyme
(ACE) inhibitors, angiotensin I receptor blockers
(ARBs), and B-blockers were gradually increased to
the maximum dosage possible. The discharge was
decided by two senior cardiologists using clinical
examination, electrocardiogram, and chest X-ray
film. The etiologies of CHF were dilated cardiomy-
opathy in 52 patients, ischemic heart disease in
34 patients, valvular heart disease in 33 patients,
and hypertensive heart disease in 20 patients. The
diagnosis of dilated cardiomyopathy was based on
the definition of the WHO/ISFC task force [12]. The
diagnoses of hypertension, diabetes, and hyper-
lipidemia were obtained from medical records or
patient history of currently or previously received
medical therapy.

Endpoints and follow-up

Patients were prospectively followed-up and no
patients were lost to follow-up (mean follow-up
526 + 313 days) after discharge from the Yamagata
University Hospital. The endpoints were'(1) cardiac

death, defined as death from worsening CHF or sud-
den cardiac death, and (2) worsening CHF requiring
readmission. Sudden cardiac death was defined as
death without definite premonitory symptoms or
sighs and was established by the attending physi-
cian. A review of medical records and follow-up
telephone interviews were conducted by senior
cardiologists to survey cardiac events, who were
blinded to blood examination data. Cardiac events
were adjudicated using electrocardiograms, chest
X-ray reports, autopsy reports, death certificates,
and witness statements.

Statistical analysis

Results are presented as mean + standard deviation
(S.D.) for continuous variables and as the per-
centage of total patients for categorical variables.
The independent samples t-test or Mann—Whitney
test and chi-square test were used for comparisons
of continuous and categorical variables, respec-
tively. A Cox proportional hazard analysis was
performed to evaluate the associations between
cardiac events and blood measurements. The car-
diac event-free curve was computed according to
the Kaplan—Meier method and compared by the
log-rank test. All p-values reported are two-sided,
and a p-value < 0.05 was considered significant. Sta-
tistical analysis was performed with a standard
statistical program package (StatView, version 5.0,
SAS Institute Inc, Cary, NC, USA),

Results

The mean age of study subjects was 71+ 12 years
old. As shown in Table 1, 62 patients were men,
41 were in NYHA functional class 1V, and 34 had
ischemic heart disease. Mean multimarker score
was 4.27 1 1.44.

Associations with subsequent clinical
outcomes

There were 9 noncardiac deaths (3 cerebral infarc-
tion, 2 pneumonia, 2 lung cancer, 1 septic shock,
and 1 suicide) and 83 cardiac events, including
43 cardiac deaths (5 in-hospital deaths) and 40
readmissions for worsening heart failure during the
follow-up period. The causes of cardiac death were
worsening CHF in 34 patients, fatal acute myocar-
dial infarction in 3 patients, and sudden cardiac
death in 6 patients.

As shown in Table 2, patients with cardiac events
were older, and had a higher multimarker score
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Table 2 Comparisons of clinical characteristics between patients with and without cardiac events.

Event free (n=71) Cardiac events (n=83) p-Value

Age (years) 68+ 15 74410 0.0100
Gender (male/female) 29/42 33/50 0.8911
NYHA functional class (ll1/1V) 54/17 59/24 0.4856
Hypertension 43 (61%) 44 (53%) 0.3456
Diabetes mellitus 21 (30%) 19 (23%) 0.3461
Hyperlipidemia 10 (14%) 18 (22%) 0.2193
Current smoking 12 (17%) 16 (19%) 0.6270
Etiology of chronic heart failure

Dilated cardiomyopathy 27 (38%) 25 (30%)

ischemic heart disease 13 (18%) 21 (25%)

Valvular heart disease 18 (25%) 15 (18%)

Hypertensive heart disease 6 (9%) 14 (17%)

Others 7 (10%) 8 (10%) 0.2951
Laboratory markers

Creatinine (mg/dl) 1.0440.64 1.25+1.01 0.0436

Hemoglobin (g/dl) 12.91+2.4 11.9+2.2 0.0328

Sodium (mmol/L) 140.74+-2.6 138.2+4.4 0.0008

Uric acid (mg/dl) 6.4+1.9 7.242.7 0.0254

BNP (pg/ml) 604+ 1156 103241134 <0.0001

hs-CRP (mg/dl) 0.3340.30 0.57+0.34 0.0094

Creatinine clearance (ml/min) 56.8+£38.5 35.24+19.3 0.0031

Multimarker score 3.85+1.32 4.634+1.45 0.0007
Echocardiography

LVEDD (mm) 55+9 56 +:11 0.6403

LVEF (%) 39418 43+18 0.2741

Abbreviations as in Table 1.

compared with those without cardiac events. Fur-
thermore, as reported in previous studies [5—10],
patients with cardiac events showed renal dys-
function, anemia, hyponatremia, hyperuricemia,
and higher levels of BNP and hs-CRP compared
with those without cardiac events. Other parame-
ters including gender, NYHA functional class, and
numbers of patients with hypertension, diabetes
mellitus, hyperlipidemia, or currently smoking
were not significantly different between patients
with and without cardiac events. In addition, there
was no difference in etiology of heart failure, left
ventricular end-diastolic diameter (LVEDD), and left
ventricutar ejection fraction (LVEF).

Strata of multimarker score in CHF patients

The optimal cut-off values for 7 biomarkers were
determined as those with the largest sum of sensi-
tivity plus specificity on each of the ROC curves,
respectively (Fig. 1). When there was an abnor-
mal value, we scored it for one point to calculate
multimarker score. Patients were categorized into
3 strata according to multimarker score: low stra-
tum (muttimarker score 0—3, n=48), intermediate
stratum (multimarker score 4, n=40), and high

stratum (multimarker score 5—7, n=66), Table 3
summarizes the comparisons of the clinical char-
acteristics of the 3 strata. Patients in the high
stratum were older, had more severe NYHA func-
tional class, and higher rate of use of loop diuretics
compared with lower strata. Furthermore, patients
in the high stratum had significantly higher rates
of re-hospitalization and cardiac deaths than those
in the lower strata (Fig. 2). Average periods of
follow-up days for the 3 strata were 817 £632 (low
stratum), 696+586 (intermediate stratum), and
444 £ 492 (high stratum) days. The period was sig-
nificantly shorter in the high stratum compared with
lower strata (p<0.01). Whereas, other parameters
inctuding gender, etiology of heart failure, LVEDD,
and LVEF were not significantly different among the
3 strata. In addition, there was no difference in
the numbers of patients who had hypertension, dia-
betes mellitus, hyperlipidemia, or were currently
smoking, and rate of use of ACE inhibitors, ARBs,
and B-blockers at discharge among the 3 strata.

Risk stratification by the stratum analysis

Prognostic results by the univariate Cox propor-
tional hazard analysis to predict cardiac events are
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Figure 1 Receiver operating characteristic (ROC) curve analysis of 7 biomarkers. BNP, brain natriuretic peptide;
hs-CRP, high-sensitivity C-reactive protein; and Ccr, creatinine clearance.

shown in Fig. 3. The univariate Cox proportional
hazard analysis showed that risk of total cardiac
events (Fig. 3A) and cardiac deaths (Fig. 3B) were
significantly higher in patients in the high stratum
compared with low stratum patients. In addi-
tion, patients in the high stratum were at higher
risk of total cardiac events (hazard ratio 1.934,

[7] Cardiac events

70+ 45 (68.2%) **
B Cardiac deaths |

20 (50.0%)

18 (37.5%)

Cardiac event and death rates (%)

Low Intermediate High

Figure 2 Cardiac mortality and cardiac events among
the 3 strata. Patients in the high stratum had higher rates
of re-hospitalization and cardiac deaths compared with
lower strata. “*p <0.001 by chi-square test. ’

p=0.0144) and cardiac death (hazard ratio 1,393,
p=0.0313) compared with intermediate-stratum
patients. The hazard ratios of total cardiac events
(Fig. 4A) and cardiac deaths (Fig. 4B) adjusted for
age and sex were significantly higher in patients
in the high stratum compared with low stratum
patients.

We performed univariate and multivariate Cox
proportional hazard regression analyses of predict-
ing cardiac events among multimarker score, age,
NYHA functional class, and LVEF (Table 4). In the
univariate Cox proportional hazard regression anal-
ysis, multimarker score and age were significantly
associated with cardiac events, Furthermore, only
multimarker score was an independent predictor
of cardiac events among these variables by the
multivariate Cox proportional hazard regression
analysis.

Kaplan—Meier analysis demonstrated that
patients in the high stratum had a significantly
higher total cardiac events rate (Fig. 5A) and
cardiac death rate (Fig. 5B) compared with lower
strata. One- and 2-year total cardiac event rates
were 14.6% and 29.2% in low stratum, 27.5% and
37.5% in intermediate stratum, and 51.5% and
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Table 3 Comparisons of clinical characteristics among the 3 strata in chronic heart failure patients.

Low stratum (n=48)  Intermediate stratum (n=40)  High stratum (n=66)

Age (years) 68+ 14 70+12 744 10"#
Gender (male/female) 23/25 14/26 25/41
NYHA functional class (111/1V) 39/9 28/12 46/20%
Hypertension 26 (54%) 24 (60%) 37 (56%)
Diabetes mellitus 18 (38%) 9 (23%) 13 (20%)
Hyperlipidemia 8 (17%) 6 (15%) 14 (21%)
Current smoking 9 (19%) 8 (20%) 11 (17%)
Ftiology of chronic heart failure
Dilated cardiomyopathy 17 (35%) 12 (30%) 23 (35%)
Ischemic heart disease 13 (27%) 8 (20%) 13 (20%)
Valvular heart disease 4 (8%) 12 (30%) 17 (26%)
Hypertensive heart disease 6 (13%) 4 (10%) 10 (15%)
Others 8 (17%) 4 (10%) 3 (4%)
Laboratory markers
Creatinine (mg/dl) 0.76+0.23 1.08+0.67" 1.48 £ 1.10%
Hemoglobin {(g/dl) 12.74£2.1 12.8+2.0° 10.94£2.0"#
Sodium (mmot/L) 141.142.6 139.6+3.9° 138.5+4.1"
Uric acid (mg/dl) 5.3+1.8 6.942.3" 7.942.3"
BNP (pg/ml) 5664587 962 4 844™ 1380 & 14477
hs-CRP (mg/dl) 0.34+£0.30 0.49 4 0.40° 0.554+0.32"
Creatinine clearance (ml/min)  77.9444.2 50.3+28.3" 32.4415.8"#
Multimarker score 2.6040.64 4,0040.00" 5.6640.73"#
Echocardiography
LVEDD (mm) 56+ 10 55410 56411
LVEF (%) 3918 42418 42419
Medications at discharge
ACE inhibitors and/or ARBs 33 (69%) 30 (75%) 45 (68%)
#-Blockers 12 (25%) 14 (35%) 22 (33%)
Calcium channel blockers 10 (21%) 4 (10%) 12 (18%)
Spironotactone 12 (25%) 19 (48%) 20 (30%)
Loop diuretics 31 (65%) 35 (88%) 53 (80%)*
Digoxin 16 (33%) 15 (38%) 24 (36%)
Statins 5 (10%) 4 (10%) 8 (12%)

*p<0.05 and “p <0.01 vs low, and #p <0.05 and #p < 0.01 vs intermediate. %p <0.05 and ¥p < 0.01 by chi-square test. Abbreviations
as in Table 1.

(A) Hazard ratio of total cardiac events (B) Hazard ratio of cardiac deaths
relative to Low stratum relative to Low stratum
5 4]
4 4 41
K
3 4 3
2 4 ¥ 21
1 14
0 0
Low intermediate High Low Intermediate High

Figure 3 Hazard ratios to predict cardiac events among the 3 strata. The univariate Cox proportional hazard analysis
demonstrated that the high stratum was associated with the highest risk for total cardiac events (A) and cardiac deaths
(B) among the 3 strata. **p <0.001 vs low stratum patients. :
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(A) Hazard ratio of total cardiac events (B) Hazard ratio of cardiac deaths
relative to Low stratum relative to Low stratum

< 5 1 51

4 1 4 *k

£33

3 4 3
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1A 14
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Figure 4 Hazard ratios adjusted for age and sex by univariate Cox proportional hazard analysis. The high stratum was

associated with the highest risk for total cardiac events (A) and cardiac deaths (B) among the 3 strata. **p<0.001 vs
low stratum patients.

Table 4 Univariate and multivariate analyses of predicting cardiac events.

Variable Hazard ratio 95% confidence interval p-Value
Univariate analysis
Age (per 1 5.D. increase), (0.026, 12) 1.366 1.074—-1.715 0.0111
NYHA functional class 1.305 0.810—1.117 0.0932
LVEF (per 1 S.D. increase), (0.011, 19) 0.812 0.625-1.039 0.0985
Multimarker score 1.764 1.342-2.320 <0.0001
Multivariate analysis
Age (per 1 S.D. increase), (0.019, 12) 1.256 0.964—1.657 0.0963
NYHA functional class 1.156 0.656—1.447 0.2159
LVEF (per 1 5.D. increase), (0.0008, 19) 0.985 0.649-1.122 0.2624
Multimarker score 1.689 1.239-2.304 0.0009

Abbreviations as in Table 1.

(A) Total cardiac events (B) Cardiac deaths
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Figure 5 Kaplan—Meier analysis in chronic heart failure patients stratified into 3 strata based on multimarker score.

Patients in the high stratum had significantly higher rates of total cardiac events (A) and cardiac deaths (B) compared
with lower strata. '
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