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atients with type 2 diabetes often

suffer from asymptomatic left ven-

tricular (LV) injury, including in-
creased LV mass, without apparent
myocardial 1schemia. The mechanisms
underlying diabetic LV injury remain un-
clear, however, it has been suggested that
endothelial dystunction plays a role. Ac-
cumulating evidence indicates that bone
marrow—denved endothelial progenitor
cells (EPCs) contribute to neovasculanza-
non of 1schemic tissue and endotheliali-
zation of denuded endothelium. Recent
stuchies have shown that circulating bone
marrow—denived immature cells, includ-
ing CD34 ' cells, contribute to the main-
tenance of the vasculature, both as a pool
ol EPCs und as the source of growth/
angiogenesis factors (1). We hypothe-
sized that circulaung CD34 "' cells might
be associated with LV dysfunction in pa-
tients with type 2 diabeies Therefore, we
studied the correlatnon between circulat-
ing CD34" cell levels and plasma brain
natriuretic peptide (BNP) levels, an LV
dysfunction marker. m type 2 dubenc
patients.

RESEARCH DESIGN AND
METHODS

The insututional review board of the Na-
tional Cardiovascular Center approved

this study. and all subjects provided in-
formed consent. We examined 26 pa-
tients with type 2 diabetes (12 men and
14 women, duranon of diabetes 16.1 =
10.7 years) who were over 60 years of age
(70.5 * 6.4 years) Statin was given to
nine subjects. ACE inhibitor or angioten-
sin receptor blocker was given 1o nine
subjects, and thiazolidinedione was given
to two subjects. Subjects were excluded
from the study if they had known cardio-
vascular disease or chronic renal failure
(defined as serum creatinine =180 pmol/
I). No study subject showed hypokinesis
by echocardiography or electrocardio-
gram change. indicating myocardial isch-
emia Systolic (SBP) and diastolic (DBP)
blood pressure and anthropometnc pa-
rameters were determined Blood samples
were taken after 12-h fasting 1o measure
airculating CD34" cells, plasma BNP,
fasung plasma glucose (FPG), and A1C
Circulating CD34 7 cells were quanufied
by flow cytometry according to the man
ufacturer’s protoml (ProCOUNT; Becton
Dickinson Biosciences) as previously re-
ported (2) BNP was quanmified by en
zyme immunoassay (Tohso, Tokyo,
Japan). We further examined LV frac-
nonal shorterung (1 VFS), 1V mass index
(LVMI) (3), and peak flow velocity of the
early filling wave (E), the late filling wave
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(A), and the E/A-wave ratio (E/A) by echo-
cardiography. All echocardiograms were
performed by several expert physicians
who were blinded 10 CD34" cell level

All statistical analyses were per-
formed using JMP version 5.1.1 software
(SAS Institute). Data are expressed as
means = SD. Compansons of number of
CD347 cells by sex were made using the
two-tailed unpaired t test. Correlations
between number of CD34 ™ cells and clin-
1cal parameters were assessed hy univari-
ate liner regression analysis and muluple
regression analysis. LVMI and plasma
BNP concentrarions were analyzed after
logarithmic transformation.

RESULTS
FPG levels, A1C levels, and BMIs n the
study subjects were measured tobe 9.5 =
26 mmol/l,9.2 = 18%,and 264 * 43
kg/m?, respectively. A total of 88% of the
patients had hypertension (SBP 142 = 18
mmHg, DBP 73 7 * 13 5 mmHg). Plasma
BNP levels were measured to be 95 + 319
pg/ml. Although 1t has been reported that
the level of BNP =100 pg/ml has a sensi-
tivity of 90% of diagnosing congestive
heart failure (CHF) in patients with CHF
symptoms (4), none of the subjects in this
study, including subjects with =100
pg/ml of BNP, showed symptoms of CHF
The level of circulating CD34™ cells was
measured to be 0.76 = 0.39 cells/pl, and
there was no significant difference be-
tween sexes. The range of LVMIL was
73.3-340.2, and 11 subjects applied to
the defimuon of LV hypertrophy (LVMI
=131 in men and =100 in women) (3)

Plasma BNP levels had a significant
inverse correlaton with the number of
circulating CD34" cells (Fig. 1A),
whereas ['PG. A1C, BMI, SBP, DBP, and
age showed no signihcant correlations.
There was a significant correlation be
wween the number of circulaung CD34"
cells and LVMI by echocardiography (Fig.
1B). LVFS and E/A were not associated
with circulaling CD34" cell numbers
(LVES r = —0.07, P =072; /A r =
—0.11, P = 0.59). There was also a sig-
nificant correlation between BNP levels
and LVMI (r = 0.39, P = 0.001)

In muluple regression analysis, the
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Figure 1—Correlation between CD347 cell
numbers and plasma BNP levels (A) and cor-
relation between CD34" cell numbers and
LVMI (B) in type 2 diabetic patients (n = 26)

level of CD347 cells was an independent
correlate of both BNP (B = —1 64, P =
0.017) and LVMI (B = —-0.337, P =
0.031) in the model including age, ALC,
SBP, BMI, and medication (ACE inhibi-
torfangiotensin receptor blocker, statin,
and thiazolidinedione).

CONCLUSIONS — [nthisstudy, ar-
culaung CD34 ™ cell number was lound 1o
signihcantly correlate with plasma BND
level, a marker of LV dysfunction. To the
best of our knowledge, this 1s the first re-
port that circulating bone marrow—
derived cells are associated with diabetic
LV abnormality. Circulating CD34" cell
numbers also significantly correlated with
LVMI, whereas they did not correlate with
LVFS (an LV systolic function marker) or
E/A (an LV diastolic function marker). LV
hyperirophy is a well-known predicror of
cardiovascular events independent of cor-
onary artery disease. The Framingham
Heart Study identified an association be-

tween diaheres and increased LV wall
thickness and mass (5) Although the
precise mechanisms underlying the asso-
ciation between diabetes and LV hyper-
trophy remain unknown, our resulis
suggest that reduced circulating CD34"
cell numbers may be involved in the pro-
gression of LV hypertrophy in diabetic pa-
tients. However, further investigations are
necessary o demonsirate this hypothesis

We measured the level of CD34™
cells in this study but not the levels of
circulating CD34 " /kinase insert domain
receptor (KDR)™ cells that are regarded as
EPCs. Circulating CD34™ cell levels are
associated with 1schemic stroke (6], and
administranon of CD34" cells amelio-
rates cerebral ischemia in mice (7). This
indicates that CD347 cells may be in-
volved in cardiovascular disease. Indeed,
another recent report indicated that levels
of circulating CD34" cells are more
strongly correlated with cardiovascular
risk than levels of EPCs (8). Therefore,
our results suggest that measurement ot
CD347 cells may provide an indicator for
diabetic LV hypertrophy.

Our study had several limitanons
First, the study was performed only by
cross sectional analysis; therefore, a pro-
spective study is needed to clarify
whether circularing CD34 " cell numbers
predict LV injury in diabetic patients. Sec-
ond, although systemic blood pressure
did not significantly associate with
CD347 cell numbers, further investiga-
tion of normotensive diabeuc patients 15
needed to exclude the possible eftects of
hypertension on circulating CD34 " cell
numbers, as most of the subjects in this
study were hypertensive. Despite this ca-
veat, these results may be of practical use
in elderly patients with type 2 diabetes, as
hypertension is a very common comorbid
condition in this popularion

In conclusion, reduced circulating
CD347 cell numbers are sigmhcantly as-
sociated with plasma BNP concentration
and LVMI in elderly patients wath type 2
diabetes. These results suggest that de-
creased circulaung CD34™ cells may be
mvolved in LV hypertrophy and that mea-
surement of circulating CD34 " cell num-

bers may be useful for the identfication of
diabetic patients at high nsk of LV injury.
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ARTICLEE INFQ ABSTRACT

Objective: Only a small number of population-based cohort studies have directly compared the predictive
value of low-density lipoprotein cholesterol (LDL-C) and non-high-density lipoprotein cholesterol (non-
HDLC) for coronary artery disease in Asian populations, such as Japan.

Methods: We performed an 11.9-year cohort study of 4694 men and women, aged 30-74 years. selected
randomly from an urban general popularion in Japan. Baseline LDL-C levels were estimated using the
Friedewald formula. The predictive values of LDL-C and non-HDLC for myocardial infarction (Ml) and
stroke were compared.

Resuits and conclusion: During the follow-up period, there were 80 incident cases of Ml and 139 of stoke,
comprised of 23 intracerebral hemorrhages. 85 cerebral infarctions and 31 other types of stroke. The
Hazard ratio (HR) for M1 was highest in the top quintile of LDL-C (HR: 3.03, 95% €1, 1.32-6.96) when male
and female data were combined. The HR for M| was also highest in rhe top quintile of non-HDLC (HR: 2.97,
95% (1, 1.26-6.97). Analysis of trends showed a significant positive relationship berween MI incidence
and serum LDL-C and non-HDLC levels (both P=0.02). However, there was ne relationship berween the
incidence of any subtype of stroke and either LDL-C or non-HDLC. The predictive value of LDL-C and non-
HDLC for MI. assessed by calculating the differences in the -2 logarithm likelthood ( -21In [L]) and area
under the curve (ALUC ), were almost similar.
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1. Introduction

The causal relationship between high levels of serum low-
density lipoprotein cholesterol (LDL-C) and coronary artery disease
(CAD)is well established [1-5]. Blood LDL-C levels are therefore the
main target for lipid management in the majonty of guidelines of
developed countries for preventing atherosclerotic disease [3-5].
Some US cohort studies have also suggested that non-high-density
lipoprotein (non-HDLC) may be a better predictor of CAD [6,7].
However, to our knowledge, only one population-based cohort
study has directly compared the predictive value of these lipid
markers for CAD in an Asian population [8], which have a lower
incidence of coronary artery disease, but a higher risk of stroke
than Western populations [9-12]. Furthermore, although it has not

* Corresponding authos, Tel.: +81 6 6833 5012x2228/2188: fax: +81 6 6833 5300,
E mail address: okamurat@hsp.ncve.gop (T Okamura).

0021-9150/% - see front marter © 2008 Elsevier Ireland Lrd. All nights reserved.
d0i:10.1016/}.atherosclerosis.2008.07.020

been shown that there is a positive relationship between the risk
of any type of stroke and high serum levels of total cholesterol (TC)
in the Japanese population [9,10], the effects on stroke incidence of
the closely related lipid fractions, LDL-C and non-HDLC, have not
been evaluated.

The purpose of this study was therefore to investigate the pre-
dictive value of LDL-C and non-HDLC for the incidence of CAD and
stroke in a Japanese urban population over an 11.9-year period.
Our a priori hypothesis was that both LDL-C and non-HDLC may
be useful predictors of CAD risk, but not of stroke risk.

2. Methods
2.1. Pupulations
The Suita study [ 13,14}, a cohort study of cardiovascular dis-

ease, was established in 1989 and included 12,200 Japanese urban
residents of Suita City, Osaka. The participants, aged 30-79 years.

doi:10.1016/j.atheroscierosis. 2008.07.020
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were selected randomly from the municipality population registry.
Of these, 6485 men and women had a baseline medical exami-
nation at the National Cardiovascular Center between September
1989 and March 1994 (participation rate: 53.2%). Of the 6485
participants, a total of 1791 were excluded for the following rea-
sons: past history of coronary heart disease or stroke (n=208),
nonperiodical participation in baseline survey (n1=79), aged 75
or older (n=343), non-fasting visit (n=153), use of lipid-lowering
agents such as statins (n=106), serum triglyceride >4.5 mmol/l
(400 mg/dl)(n=98) and missing information at the baseline survey
or lost to follow-up (1 =804). The data of the remaining 4694 partic-
ipants (2169 men and 2525 women) were then analyzed. Informed
consent was obtained from all participants. This cohort study was
approved by the Institutional Review Board of the National Cardio-
vascular Center.

22. Baseline examination

Blood samples were collected at the National Cardiovascular
Center (NCVC) after the participants had fasted for at least 12h. The
samples were centrifuged immediately and a routine blood exami-
nation that included serum total cholesterol (TC), HDL cholesterol,
triglyceride and glucose levels then carried out. LDL-C was esti-
mated using the Friedewald formula[15). Non-HDLC was calculated
by subtracting HDL-C from TC.

Blood pressures were measured in triplicate on the right arm
in the seated position after 5 min rest by well-trained physicians
using a standard mercury sphygmomanometer. The average of the
second and third measure ments was used in the analyses. Hyper-
tension was defined as either a systolic blood pressure > 140 mmHg,
a diastolic blood pressure >90mmHg or the use of antihyper-
tensive agents, Diabetes was defined as a fasting serum glucose
>7.0mmoi/l (126 mg/dl), the use of anti-diabetic agents, or both.
Height in stockings and weight in light clothing were measured.
Public health nurses obrained information on the smoking, drinking
and medical histories of the participants.

2.3. Endpoint determination

The participants were followed until December 31, 2005. The
first step in the survey involved checking the health status of all
participants by repeated clinical visits every 2 years and yearly
questionnaires sent by mail or conducted by telephone. Informed
consent for review of in-hospital medical records was obtained
from 86.2% participants who were suspected of having had a
myocardial infarction (MI) or stroke, The medical records were
reviewed by registered hospital physicians or research physicians
who were blinded to the baseline information.

The criteria for definite and probable Ml were defined according
to the criteria of the MONICA (Monitoring Trends and Determinants
of Cardiovascular Disease) project [16), which requires evidence
from an electrocardiogram (ECG), cardiac enzymes and/or autopsy.
stroke was defined according to the National Survey of Stroke
criteria |17}, which requires the rapid onset of a constellation of
neurological deficits lasting at least 24 h or until death. The strokes
were classified as either ischemic stroke (thrombotic or embolic),
intracerebral hemorrhage, subarachnoid hemorrhage or undeter-
mined type. Adefinite stroke was defined by autopsy or on the basis
of diagnostic imaging, such as computed tomography or magnetic
resonance imaging.

Cases with typical clinical symptoms, detected in the clinical
visit during follow-up surveillance, but without informed consent
for an in-hospital medical records survey, were defined as possible
MI or stroke. Furthermore, to complete the surveillance for fatal
MI and stroke, we conducted a systematic search for death certifi-

cates. All death certificates in Japan are forwarded to the Ministry
of Health, Welfare, and Labor and coded for National Vital Statis-
tics. We classified fatal Ml and stroke listed on the death certificate,
but not registered on our surveillance system, as possible Ml and
stroke.

2.4. Statstical analysis

Sex-specific analysis was performed. We set the cut-off points
for serum LDL-C and non-HDLC according to the quintile ranges.
For baseline characteristics, analysis of variance for means or Chi-
square tests for proportions were used. The multivariable -adjusted
hazard ratio (HR) of LDL-C and non-HDLC for MI or stroke was
calculated using proportional hazards model adjusted for age,
hypertension, diabetes, HDL-C, body mass index (BMI), smoking
(never-smoked; ex-smoker; current smoker) and drinking (never-
drank; ex-drinker; regular drinker). Sex-combined analysis with
further adjustment for sex was also carried out.

Separate models with LDL-C or non-HDLC levels as ordinal vari-
ables (median of LDL-C or non-HDLC quintile) were fitted to the
other risk factor adjusted models (test for trend). The differences
between the -2 logarithm likelihood (—2In [L]} in each lipid added
model and the —2In [L] in other risk factor adjusted models were
calculated. These differences had an approximate x? distribution
with 1 d.f These x? values assess which lipid had the greatest
predictive value in other risk factor adjusted models. The abil-
ity to predict which people developed cardiovascular disease was
also assessed by calculating the area under the receiver-operating
characteristic (ROC) curve (AUC). This curve showed the predic-
tive probability of the variables using logistic regression analysis
and the same covariates used in the multivariable model of test for
trend. Furthermore, the predictive values of the ratio of LDL-C to
HDL-C (LDL-C/HDL-C) and the ratio of non-HDLC to HDL-C (non-
HDLC/HDL-C) for myocardial infarction (MI) and stroke were also
compared.

All confidence intervals were estimated at the 95% level and sig-
nificance 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 mean and standard deviation of serum LDL-C in the base-
line survey was 3.23 + 0.82mmol/l (124.9 + 31.7 mg/dl) in men and
3.49 + 0.90 mmol/I ( 134.8 + 34,9 mg/dl) in women. The mean base-
line serum non-HDLC was 3.90+0.89 mmol/l (151.1 £ 34.5 mg/dl)
in men and 4.01 £ 1.01 mmol/l (155.2 £ 39.1 mg/dl} in women.

Table 1 shows the baseline characteristics of the participants
in each LDL-C quintile. In both sexes, there were significant differ-
ences in the mean values for age, non-HDLC, HDL-C and BMI, These
variables, with the exception of HDL-C, tended to be higher in the
higher LDL-C groups. Serum HDL-C levels were lower in the higher
LDL-C groups. There was no significant difference in the prevalence
of hypertension and diabetes in the quintiles for men, whereas the
prevalence of these conditions in women was higher in the higher
LDL-C groups. In both sexes, the proportion of current drinkers was
lower in the higher LDL-C groups, whereas the proportion of current
smokers was highest in the lowest LDL-C group. The relationships
berween non-HDLC quintiles and the above-mentioned baseline
characteristics were almost similar (data not shown in the table).

The total person-years studied was 56,196 (25,420 for men and
30,776 for women), with a mean follow-up period of 11.9 years.
During the follow-up period, there were 80 incident cases of Ml (41
definite and 39 probable MIs) and 139 of stoke ( 102 definite and 37

doi: 10.1016/j.atherosclerosis 2008.07.020
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Table 1
Sex-specific mean and prevalence of risk characrenstcs at baseline in an 11.9-year prospective study of 4694 Japanese men and women
L.liL l.'-hD!eSIEIDl q'u-l-n-l'lh;; Q1 Q2 Q3 Q4 Q5 P-values
Men
Numbers 447 435 427 438 422
LDL cholesterol { Stratum Mean). mmol/1 213 2.80 322 166 4.40
Age. year 54.00127) 5381126 52.5(12.4) 547 (12.1) 556(11.0) 0.005
Non-HDL cholesterol, mmol; | 284(0.52) 3.44(0.30) 3.87 (0.34) 4.3110.32) 5.13(056) <0.00M
HDL cholesterol, mmol /i 1.33(0.39) 120(0.36; 129(0.32) 126 (0.30) 121(0.28) <0.001
BML kg/m? 221129; 226(28) 229(2.8) 23.2(2.6) 23.4(27) <0.001
Hypertension. % 29.5 274 304 313 316 0364
Diabetes, % 81 46 44 4.6 59 0.09
Drinking
Usual/ex-/never-. % 810/2.7/154 782/28{19.1 79.6/1.6/18.7 71.7/5.3/23.1 70.4/4.7/249 <0.001
Smoking
Currentiex-/never- % 50.3;25.5/152 55.4/26.9/17.7 466/31.1/222 46.6/31.1/22.4 48.1/31.8/201 0.002
Women
Numbers 524 498 513 498 492
LDL cholesterol  Stratum Mean|), mmol;| 233 2.98 144 362 482
Age. year 45.5(11.4) 49.5(11.9) 527 (11.3) 56.3(10.6) 578(91) <0.001
Non-HDL choiesteral, mmoli] 2.77(0.42) 3.47(032) 396(0.31) 450(0.32) 546 (0.71) <0.001
HDL cholesters), mmol|l 154 (0.36) 1.49 (0.36) 1.48(035) 145(0.33) 1.40(0.31) <0.001
BMI kg/m? 21.0(2.7) 21B8{32) 22.3(33) 226(3.2) 232(33) <0.001
Hypertension. % 12.8 193 234 29.9 378 <0.001
Diabetes, % 15 28 31 40 47 0.050
Drinking
Usualjex-/never . % 41.8/2.3/559 365/1.0/624 32.7/1.4/659 28.3/1.8/60.0 29.1/1.6/69.3 <0.001
Smoking
Current/ex-{never-, % 16.4/4.6/79.0 127/38/835 9.6/2.1/883 10.8/3.4/85.7 11.6/3.7/8438 0015

HDL means high-density lipoprotein. LDL means low-density lipoprotein. §.D. means standard deviations. Brackets indicate standard deviation. Analysis of variance was used
for comparisans of multiple group means and the Chi-square test was used to compare ficquendies.

probable strokes), comprised of 23 intracerebral hemorrhages, 85
cerebral infarctions and 31 other types of stroke.

Table 2 shows the number of incident cases and multivariable-
adjusted HRs for MI and cerebral infarction stratified by LDL-C
quintile. In women, the bottom and second quintiles and the third
and fourth quintiles were combined into two categories due to

the small number of cardiovascular events. In both sexes, the HR
for Ml was highest in the top quintile of LDL-C, although the
value in women was not statistically significant (HR 3.73; 95% CI
1.25-11.1 for men: HR 1.78; 95% CI 0.66-4.77 for women). In the
test for trend, serum LDL-C showed a significant positive associa-
tion with MI when the data from men and women were combined

Table 2
The numbers of cases and multivaniable-adjusted HRs and 95% C.1s for myocardial infarction and cerebral infarction according to serum LDL cholesterol level in an 11.9-year
prospective study of 4694 Japanese men and women

LDL cholesterol quintiles  LDL-C range mrnnlrl.g 3 No.of persons  Person-years  Myocardial infarction Cerebral infarction
No.of events  HR? 95% C.L No.of events  HR* 95% C.L
Men
Q1 <254 447 5.129 4 100 14 1.00
Q2 2.54-3.03 435 5.122 15 356 118,108 9 0.61 0.26,1.42
Q3 3.04-343 427 4945 9 260 080,85 15 131 0.63.2.12
Q4 3.44-390 438 5.201 10 225 0.70,7.2 13 0.90 0.42.1.04
Qs 3191- 422 5,023 18 3 125.111 6 042 0.6, 110
Pfortrend 008 Pfortrend 022
Women
Q1+Q2® <321 1022 12473 6 1.00 7 1.00
Q3 +Q4r 322-422 101 12.279 s 0.45 0.14, 1.49 n 082 0.31.2.15
Qs 423 492 6,023 13 1.78 066.4.77 10 113 0.42.3.02
Pfortrend 014 Pforvend 0388
Men and women combined
Q1 an 11,548 7 1.00 19 1.00
Q2 933 11,176 18 237 097.561 11 053 0.25.112
Q3 . 540 11102 1 157 061,408 18 095 0.49. 182
Q4 936 11323 13 140 056.355 21 084 0.44.1.59
Q5 914 11,046 n 3.03 132,696 16 063 032.1.24
Pfortrend 002 Pforwend 047

LDL means low-density hipoprotein.
4 HR means hazard rano and 95% C1. means 95% confidence interval. The HR was adjusted for age, body mass index. diabetes. HDL cholesterol, cigarette smoking caregory
and alcohol intake caregory by a Cox proportional hazard model. Sex was also adjusted in the men and women combined model
® These groups were combined due to small number of cardiovasc ular event. The cur-off points were 2.73 between Q1 and Q2, and 368 berween Q3 and Q4, respectively.
¢ Sex-specific quintiles were used for analysis.
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Table 3

The numbers of cases and multivariable-adjusted HRs and 95% C.Ls for myocardial infarction and cerebral infarction according to serum non-HDL cholesterol level in an

11.9-year prospective study of 4694 Japanese men and women

Non-HDL cholesterol quintiles  Non-HDLC No.of persons  Person-years  Myocardial infarction Cerebral infarchion
range (mmol/1) No.ofevents  HR* 95% C.L No.of events  HR?* 95% C1.
Men
Qi <318 445 5123 6 100 11 100
Q2 3.18-3.68 450 5195 14 2.34 0.89.616 13 121 054,273
Q3 1.69-4.12 426 5077 7 121 040,364 12 1.26 054, 2.91
Q4 4.13-463 428 5.041 10 149 0.53.4.16 n 097 041,231
Q5 464 420 4982 19 2.61 1.00.680 10 098 0.40, 2.40
Pfortrend 012 Pfortrend 079
Women
Q1+Q2® <170 1043 12,821 ] 100 7 100
Q3+Q4* 3.71-487 1010 12205 7 0.76 021272 1 067
Q5 488 472 5750 13 | ¥ 050,625 10 080
Pforaend 010 P for trend
Men and women combined
Q1 998 11,931 7 100 15 1.00
Q2 940 11.208 17 235 097,560 16 1.03 0.50. 210
Q3 . 947 11412 1 138 053,360 14 083 040,176
Q4 917 10911 13 140 055.357 20 103 0.51, 2.06
Qs 892 10732 32 297 126,697 20 0.99 048,203
Pfortrend 002 Pfortrend 0.96

HDL means hugh-density lipoprotein

* HR means hazard ratio and 95% C.I. means 95% confidence interval. The HR was adjusted for age. body mass index. hypertension, diabetes. HDL cholesterol, cigarette
smoking category and alcohol intake category by a Cox proportional hazard model. Sex was also adjusted in the men and women combined model.
® These groups were combined duc to small number of cardiovascular event. The cut-off points were 3.21 between Q1 and Q2. and 4.26 between Q3 and Q4. respectively.

¢ Sex-specific quintiles were used for analysis.

(P=0.02). Asimilar trend was observed when the endpoint was lim-
ited to definite Mls by the criteria of the MONICA project (P=0.01,
data not shown in the table). The incidence for cerebral infarction
was not related to LDL-C levels in either sex. The incidences of
intra-cerebral hemorrhage, other types of stroke and total stroke
were also not associated with LDL-C levels (data not shown in the
table).

Table 3 shows the results stratified by non-HDLC, The HR for
MI was highest in the top quintile of non-HDLC in both sexes,
although in women the value did not reach statistical significance
(HR 2.61; 95% CI 1.00-6.8 for men: HR 1.77; 95% (1 0.50-6.25 for
women). In men, the HR for MI was highest in the top quintile
of non-HDLC (HR 2.61; 95% CI 1.00-6.80). In the test for trend,
serum non-HDLC showed a significant positive association with
MI when the data of men and women were combined (P=0.02).
A similar trend was observed when the endpoint was limited to
define Mis (P=0.01, data not shown in the table). The incidence
of cerebral infarction was not associated with non-HDLC levels
in either sex. The other types of stroke and total stroke were
also not associared with non-HDLC level (data not shown in the
table).

To determine the predictive values of LDL-C and non-HDLC, the
difference berween the —21In [L) of model including each lipid and
the —2In [L] of other variable-adjusted models was calculated. The
x* values for LDL-C and non-HDLC were almost the same at 5.71
(P=0.02) for LDL-C and 5.49 (P=0.02) for non-HDLC, Furthermore,
the AUC of the ROC curves based on predictive probability targeting
for MI were also estimated. The AUC of LDL-C and non-HDLC were
the same at 0.82.

We calculated the hazard ratios of LDL-C/HDL-C and non-
HDLC/HDL-C, and compared the predictive values of these for the
incidence of Ml and stroke. Both ratios were significantly asso-
ciated with the increased risk for Ml but not with any types of
stroke. The multivariable HRs of LDL-C/HDL-C and non-HDLC/HDL-
C for MI were 1.32 [95% Cl, 1.07-1.61] and 1.25 [95% CI, 1.07-1.47),
respectively. Furthermore, the x’ values between the —2In (L)

of each lipid added model and non-added model for LDL-C/HDL-
€ and non-HDLC/HDL-C were almost the same at 7.34 (P=0.01)
for LDL-C/HDL-C and 7.06 (P=0.01) for non-HDLC/HDL-C. The
AUC of the ROC curves based on predictive probability were also
the same. Apparently, because non-HDLC/HDLC was expressed as
[(TC/HDLC) - 1]. the HR and predictive value for TC/HDLC were just
the same as those of non-HDLC/HDLC.

When the participants were divided in two groups using the
median value of serum triglycerides ( 1.12 mmol/l, 99mg/dl), the
results of all the analyses listed above were similar.

4. Discussion

This 11.9-year cohort study of a Japanese urban population
showed a positive association between serum LDL-C or non-HDLC
levels and increased risk of MI, but not with any type of stroke.
Furthermore, we found there was no substantial difference in the
predictive value for Ml incidence between LDL-C and non-HDLC. To
our knowledge, this is the first cohort study in an urban Japanese
population on the relationship between serum lipids and cardio-
vascular events.

The role of LDL-C in the development of atherosclerosis and the
beneficial effect of LDL-C lowering therapy are well established,
especially in Western populations [ 1-4] Our study indicated there
isalsoa positive relationship between serum LDL-C and CAD events
in community-dwelling Japanese with no history of cardiovascu-
lar disease or use of lipid-lowering agents, such as statins. A recent
large clinical trial in Japan | 18], the Management of Elevated Choles-
terol in the Primary Prevention Group of Adult Japanese (MEGA
study). also have shown an 18% reduction in mean LDL-C (from
4.05 mmol/l to 3.31 mmol/l) was associated with a 33% decreased
risk for CAD. These results suggested strongly that management of
serum LDL-C levels is as effective for reducing CAD in Japan as it is
in Western countries.

Non-HDLC levels are thought to be an alternative predictor
that can substitute for LDL-C in patients with hypertriglycemia
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[3]. Non-HDLC reflects the rtotal cholesterol concentration of all
arherogenic lipoproteins. Several previous studies in US commu-
nities [6,7,9,19,20] or patients with type 2 diabetes [21,22] showed
that the non-HDLC level was a stronger predictor for CAD risk than
LDL-C. In the Lipid Research Clinics Program Follow-up Study [6],
differences of 0.78 mmol/l { 30 mg/dl} in non-HDLC and LDL-C lev-
els corresponded to increases in CVD risk of 19% and 15% in men,
and 11% and 8% in women, respectively. In contrast, Chien et al.
showed that the hazard ratio of the top quintile and area under the
ROC curve for CAD incidence were almost similar for LDL-C and
non-HDLC in ethnic Chinese living in Taiwan [8].

Our results are consistent with the Taiwan study described
above [8], which to date represents the only report from a non-
Western community. As we calculated serum LDL-C levels using
the Friedewald formula, our results were not applicable to the
population with serum triglyceride levels equal to or greater than
4.5 mmol/l (=400 mg/dl). However. even if the predictive values of
LDL-C and non-HDLC are similar in the Japanese population, nan-
HDLC may be the more convenient indicator to use for primary
prevention in the communiry. Both TC and HDL-C are included in
routine biochemistry measurements because of convenience and
low cost, and can be measured directly even in non-fasting serum.
Accordingly, non-HDLC may be a good serum marker forrisk assess-
ment of CAD in a community-based setting.

In the present study, the positive association between serum
lipids levels and MI in women was less evident than that in men.
We believe it was mainly due to small number of Ml in women. Con-
tinued community surveillance in Japan showed that incidence of
M for women was about one third of men [23], In the present study,
incidence of MI for women was only 0.78 per 1000 person-years.
Because most M1 cases (22 of 24) were post-menopausal women,
the low incidence of MI in pre-menopausal women was one rea-
son for sex-difference. However, it was difficult to perform further
analysis because of small sample size of MI cases.

Similar to previous studies that have explored the relationship
berween TC and stroke in Japan [9,24.25], we found no association
between LDL-C or non-HDLC levels and stroke events, Alarge meta-
analysis of individual data from 61 prospective studies [26], the
majority of which were from the US, European and Japanese popu-
lations, showed an absence of an independent positive association
between TC or non-HDLC and ischemic and total stroke mortal-
ity. Recently, the death probability over a 10-year period due to Ml
and stroke have been calculated and displayed as color risk score
charts by combining 10-year age, systolic blood pressure, smoking,
and serum total cholesterol and glucose levels by NIPPON DATA
{National Integrated Project for Prospective Observation of Non-
communicable Disease and Its Trends in the Aged) Research group
|27]. NIPPON DATA Risk chart for Ml clearly showed the positive
relationship between TC and MI, however, the risk chart for stroke
showed the color gradient, which was shown death probability, for
stroke was not affected by TC fevels.

The lack of a relationship between TC and ischemic stroke in
Japanese studies may be due to a lower prevalence of thrombetic
type cortical infarctions (large-artery occlusive) than in Western
populations [ 28], a condition thatis associated with atherosclerosis
secondary to hypercholesterolemia. Furthermore, the Atheroscle-
rosis Risk in Commumties (ARIC) Study also indicated rhat TC
was associated with increased risk of non-lacunar, non-embolic
stroke (thrombotic type cortical infarction), but not with lacu-
nar or embolic stroke [29]. The effect of L.DL-C or non-HDLC on
1schemic stroke may be weak in populations with a low prevalence
of large-artery occlusive infarctions, such as in Japan. However, a
meta-analysis of randomized contral trials by statin therapy has
indicated a reduction of stroke |30]. Even in Japanese patients with
hypercholesterolemia, statin therapy showed a non-significant but

inverse association with cerebral infarction [18). Accordingly, high
serum levels of LDLC or non-HDLC should be dealt with caution as
a potential risk factor for ischemic stroke.

Previous studies indicated that CAD or MI morality in Japanese
people was still lower than in Westerners [9- 12]. However, recently,
there were evidences that serum levels of TC and LDI-C in
Japanese were as high as those reported in the US population
|31]. However, CAD mortality has been shown to be higher in
large urbanized areas in Japan such as Tokyo and Osaka com-
pared to the rest of Japan [32]. These two cities are among the
most urbanized areas in Asia. The present study therefore pro-
vides additional evidence supporting the usefulness of LDL-C
and non-HDLC as predictors of future risk for MI in screening
of the urbanized Japanese population, Although in Asian coun-
tries hypertension rather than LDL-C remains the most important
manageable cardiovascular risk factor [33], the present study
showed thal, at least in urbanized areas, lowering of LDL-C lev-
els should also be considered as an important public health
issue.

The present study had some limitations. Firstly, the single LDL-
C or non-HDLC measurement at the baseline survey may have
underestimated the relationship between these lipids and CAD
due to regression dilution bias. Secondly, we did not measure
serum apolipoprotein B (apoB), which some previous studies have
shown as a stronger predictor for CAD than non-HDLC [8,20].
Furthermore, measurement of apoB is not required fasting status
and is estimated to be cost-efficient [34]. Further cohort studies
with measurement of apoB are needed in Japanese community-
dwelling populations, Thirdly, in order to accurately compare
the predictive value of non-HDLC and LDL-C. serum levels of
LDL-C should be measured by direct measurement of LDL-C,
rather than by the Friedewald formula. Exclusion of participants
with a high serum triglyceride level (>400mg/dl) may reduce
the predictive potential of non-HDLC. Finally, the relationship
berween serum lipids and cerebral infarction warrants further
investigation, as we did not evaluate the effect of serum LDL-
C and non-HDLC on each subtype of cerebral infarction due to
small sample size, especially for thrombotic type cortical infarc-
tions.

In conclusion, higher levels of serum LDL-C and non-HDLC
are both associated with an increased risk of MI, but not with
cerebral infarction in a Japanese urban population. Although the
predictive value of non-HDLC for MI is almost similar to that of
LDL-C calculated by the Friedewald formula, non-HDLC may be
recommended as an alternative screening marker for primary pre-
vention of CAD in the community, as it is less expensive and more
convenient.
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Masked hypertension has been drawing attention recently because this condition is
often seen in untreated and treated individuals and is associated with target organ
damage and a poor cardiovascular prognosis. Although masked hypertension is
defined as normal office blood pressure with elevated ambulatory or home blood pres-
sure, there are several subtypes. Morning hypertension is the most common form of
masked hypertension, and is caused by natural circadian variation, evening alcohol
consumption, and the use of short-acting antihypertensive drugs. Daytime hyperten-
sion may be caused by lifestyle factors such as habitual smoking and mental or physical
stress. Nighttime hypertension is seen in various conditions that produce non-dipping
status, including a high salt intake, renal dysfunction, obesity, sleep apnea, and auto-
nomic failure. Advanced target organ damage such as increases in the left ventricular
mass, carotid artery intima-media thickness, and urinary albumin excretion, is often
present both in untreated and treated subjects with masked hypertension. In our study,
the presence of the reverse white-coat effect is independently associated with those
indices of organ damage among treated hypertensive patients. It is important to iden-
tify individuals with masked hypertension, to evaluate them with including the search
for the subtype, and to treat each patient appropriately according to the cause of this
condition.

Keywords masked hypertension, target organ damage, ambulatory blood pressure
monitoring. home blood pressure

Introduction

Masked hypertension, which is also called reverse white-coat hypertension or isolated
ambulatory hypertension, has been drawing attention recently (1-3). Masked hyper-
tension is defined as normal office blood pressure (BP) with elevated ambulatory or
home BP. Although the term of masked hypertension was originally applied to
untreated subjects, this condition is also frequently seen in treated hypertensive
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patients. The prevalence of masked hypertension has been reported to be about 10% in
normotensive (defined by casual BP) subjects and about 20% among treated
hypertensive patients (1,4-6). There is increasing evidence that masked hypertension
is associated with advanced target organ damage and a poor cardiovascular prognosis
T

Masked hypertension can be classified into several subtypes according to the
pattern of ambulatory BP and underlying mechanisms. These subtypes include morning,
daytime, and nighttime hypertension (3). Detecting the subtype and underlying mecha-
nism may be helpful for the appropriate management of each patient with masked
hypertension. Regarding the target organ damage in masked hypertension, obtained
information may not be enough, especially for treated patients. In this review, we
describe the subtypes and organ damage of masked hypertension, including the results
of our studies.

Subtypes of Masked Hypertension

Morning Hypertension

Morning hypertension is the most common form of masked hypertension (see Table 1).
The circadian rhythm of BP is well known. Usually, BP elevates sharply with waking
in the early morning, decreases slightly from the late morning to early afternoon,
increases again in the early evening, decreases in the late evening, and then falls
largely with sleeping. It has been shown that home BP in the early morning is some-
what higher than that in the late evening (6,12). It is possible that this physiological
change in BP causes masked hypertension, if office BP is measured in the late morning
or early afternoon in the absence of the white-coat effect. Morning hypertension is also
caused by lifestyle-related factors such as habitual alcohol intake. We observed that
evening alcohol consumption decreases nighttime BP but increases daytime BP in

Table 1
Subtypes of masked hypertension
Subtypes Causes Management
Morning hypertension Natural circadian Alcohol restriction
(morning surge) rhythm
Alcohol Long-acting drug

Antihypertensive drug Evening drug administration

Daytime hypertension
(worksite hypertension)

Nighttime hypertension
(non-dipper)

(short-acting)

Smoking
Stress (mental, physical)

Salt, renal dysfunction
Obesity, sleep apnea
Autonomic failure

Alpha blockers (evening)

Smoking cessation
Stress management
Beta blockers (morning)

Salt restriction

Weight reduction
Diuretics

Treatment of sleep apnea
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hypertensive patients (12,13). This alcohol-induced BP elevation is most obvious in
the early morning.

Morning hypertension is often seen among treated hypertensive patients, particularly
in those who are taking short-acting antihypertensive drugs in the morning. Such medica-
tion does not maintain the antihypertensive efficacy for 24 hours, resulting in BP elevation
in the early morning. The use of long-acting drugs or evening administration of antihyper-
tensive drugs is helpful to control morning hypertension. Because the sympathetic nervous
system plays an important role in the morning BP elevation through alpha receptor-mediated
vasoconstriction, the administration of alpha blockers in the evening may also be effective
to attenuate the morning BP surge (14).

Daytime Hypertension

Daytime hypertension is caused by lifestyle-related factors such as habitual smoking and
daily stress (see Table 1). Smoking cigarettes acutely elevates BP, and smokers show a
higher daytime BP on a smoking day compared with nonsmokers or a nonsmoking day
(15). Mental or physical stress also acts to elevate daytime BP, particularly during working
(16). We also observed that daytime BP but not nighttime BP is higher during usual daily
life than during a hospital stay in hypertensive patients (17). When habitual smokers or
subjects experiencing stress visit clinics, their BP may be normal because they can take a
rest without smoking in the waiting room. The cessation of smoking and control of daily
stress is recommended for subjects with daytime hypertension. Beta blocker usage may be
effective to control stress-related hypertension.

Nighttime Hypertension

Although BP usually falls at night, the nighttime BP dip is blunted or absent in a consider-
able portion of normotensive and hypertensive subjects. Some individuals show a rise in
BP during sleep. This non-dipper pattern is often seen in salt-sensitive subjects on a high-
salt diet; patients with renal dysfunction; obese subjects, particularly those with sleep
apnea; and patients with autonomic failure; and may cause masked hypertension
(see Table 1). It should be mentioned that many non-dippers also show morning hyperten-
sion because their BP continues to increase during the night until waking up.

Previous studies by our institute have shown that treatment with a low-salt diet or a
diuretic decreases nighttime BP effectively in hypertensive patients (18,19). Weight
reduction is recommended for obese subjects. Continuous positive airway pressure treat-
ment is effective to lower nighttime as well as 24-hour BP in patients with sleep apnea
(20). It is also important to use long-acting antihypertensive drugs to control nighttime
BP.

Identifying the Subtypes

The diagnosis of masked hypertension is obtained by the use of ambulatory BP monitoring
(ABPM) or home BP measurement in comparison with office BP. The Japanese guide-
lines for the management of hypertension (JSH 2004) support the use of ABPM and home
BP measurement, particularly for the diagnosis of white-coat hypertension and masked
hypertension (21).

To identify the subtypes of masked hypertension, ABPM is superior to home BP
measurement because it provides multiple BP readings throughout 24 hours. However, the
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application of ABPM to all hypertensive subjects is not practical, and a single ABPM may
not be enough to represent the individual’s 24-hour BP profile. Self-measurement of BP in
the morning and evening at home appears to detect morning hypertension. Daytime hyper-
tension can be detected through additional BP measurement at home or worksite during
the daytime. ABPM is particularly suitable for the diagnosis of nighttime hypertension.
The detection of nighttime hypertension by home BP measurement is difficult; however,
new devices with timers, such as OMRON HEM-747IC, can determine BP during sleep.
The widespread application of such devices may easily identify the subtypes of masked
hypertension without using ABPM.

Target Organ Damage in Masked Hypertension

Numerous studies have examined the relationship between ambulatory BP or home BP
and cardiovascular complications. It has been shown that ambulatory BP and home BP are
more closely related to hypertensive organ damage and cardiovascular prognosis than
office BP (22-26). Therefore, it is not surprising that subjects with masked hypertension
are prone to develop target organ damage.

Unireated Subjects

It has been shown that subjects with masked hypertension have advanced target organ
damage and a poor cardiovascular prognosis compared to normotensive subjects. Liu et al.
measured target organ abnormality by echocardiography and arterial ultrasonography in
untreated subjects with sustained normotension, masked hypertension, and sustained
hypertension (27). They demonstrated that left ventricular mass and carotid wall thickness
are greater in subjects with masked hypertension compared to those with sustained normo-
tension, and are similar to those with sustained hypertension. Lurbe et al. also showed that
young patients with masked hypertension have a higher left ventricular mass index than
normotensive subjects (28). It is likely that a majority of masked hypertensives are over-
looked because of normal office BP, resulting in the progression of target organ damage.

Treated Patients

Advanced target organ damage is also seen in treated patients with masked hypertension.
We determined the left ventricular mass index, carotid artery intima-media thickness, and
urinary albumin excretion in 332 treated hypertensive patients (29,30). In our study, all of
these indices of target organ damage in patients with masked hypertension were signifi-
cantly higher than those with controlled hypertension or white coat hypertension, and
were even higher than those with sustained hypertension (see Figure 1). Cuspidi et al.
examined left ventricular mass index and urinary albumin excretion in treated hyperten-
sive patients at baseline and after an average follow-up of 30 months (31). They observed
that these parameters decreased in patients with controlled ambulatory BP but not in those
with masked hypertension.

Subtypes and Organ Damage

A number of studies have shown that the non-dipper pattern or the level of nighttime BP is
associated with advanced organ damage and a poor prognosis (22-24,32.33). In the
PAMELA study, nighttime BP was the best predictor of future cardiovascular death
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among office BP, home BP, and ambulatory BP parameters (24). Therefore, it is likely
that nighttime hypertension is prone to develop organ damage such as left ventricular
hypertrophy, carotid atherosclerosis, and impaired renal function.

It is well known that cardiovascular events occur frequently in the early morning
when BP increases rapidly. Kario et al. have shown that the morning surge in BP is inde-
pendently associated with silent and clinical cerebrovascular disease, and morning hyper-
tension is the strongest independent risk factor for stroke in elderly hypertensives (34,35).
It is also reported that the momning rise in BP correlates with the left ventricular mass
index or hypertrophy in hypertensive patients (36,37), and high morning BP is associated
with a loss of functional independence in elderly subjects (38). Therefore, morning hyper-
tension appears to play a role in the target organ damage and cardiovascular events.

The association of daytime BP with organ damage and prognosis is less recognized,
although daytime BP is a main determinant of average 24-hour BP. In the PAMELA
study, the contribution of daytime BP to cardiovascular mortality was relatively weak
compared with nighttime BP (24). However, it has been shown that mental stress is related
to the progression of carotid atherosclerosis and cardiovascular mortality (39,40). It is
possible that subjects with daytime hypertension are also susceptible to the development
of target organ damage.

Conclusion

There are several subtypes of masked hypertension. Morning hypertension is caused by
natural circadian variation, evening alcohol consumption, and short-acting antihyperten-
sive drugs. Daytime hypertension may be caused by smoking and stress. Nighttime
hypertension is seen in various conditions that lead to a non-dipping status. Advanced
target organ damage is often present both in untreated and treated subjects with masked
hypertension. All three subtypes of masked hypertension seem to be associated with organ
damage, although the relative risk of those subtypes remains to be clarified. It is important
to identify individuals with masked hypertension, evaluate them (including identifying the
subtype), and treat each patient appropriately according to the cause of this condition.
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ABSTRACT

This study investigated the predictive power of plasma adrenomedullin (AM) for future
cardiovascular (CV) events. In 121 patients with multiple CV risk factors and/or disease,
plasma concentrations of AM, high sensitive C-reactive protein (hs-CRP), and adiponectin
were measured. During follow-up periods (mean, 3.5 years) after the baseline assessment,
28 patients newly experienced CV events such as stroke/transient ischemic attack, acute
coronary syndrome, and congestive heart failure. The plasma level of AM, but not hs-CRP or
adiponectin, was significantly higher in patients who had CV events than in event-free
subjects. When the patients were divided into three groups by tertiles of basal levels of AM
(<10.1, 10.1-13.1, and >13.1 fmol/mL), cumulative event-free rates by the Kaplan-Meier
method were decreased according to the increase in basal AM levels (83.2%, 68.6%, and 52.8%
in the lowest, middle, and highest tertiles of AM, respectively; log-rank test, P = 0.033). By
univariate Cox regression analysis, previous coronary artery disease, creatinine clearance,
and plasma AM and hs-CRP levels were significantly associated with CV events during
follow-up. Among these possible predictors, high plasma AM (P = 0.004) and low creatinine
clearance (P = 0.043) were independent determinants for morbidity in multivariate analysis.
These findings indicate that plasma AM is a powerful independent predictor of future CV
events in high-risk patients, suggesting its predictive value is superior to that of hs-CRP or
adiponectin.

(* 2007 Elsevier Inc. All nghts reserved.

p 5 Introduction

Adrenomedullin (AM) is a potent vasodilator peptide that was
originally isolated from human pheochromocytoma [14]
Subsequent studies have revealed that AM is widely dis-

tributed in various organs and tissues including the cardio-
vascular (CV) system [6,38,39]. Plasma levels of AM are
elevated in various CV disorders, such as essential hyperten-
sion [8,17,24], chronic renal failure [8,24], coronary artery
disease [15,22,41], congestive heart failure [11,25], ischemic

* Corresponding author. Tel.: +81 6 6833 5012; fax: +81 6 6872 8091.
E-mail address: thorio@ri.ncve.go.jp (T. Horio).
0196-9781/$ - see front matter ¢ 2007 Elsevier Inc. All rights reserved.

doi:10.1016/j.peptides.2007.12.006
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stroke [7], and peripheral artery disease [40,41], and the degree
of increase in AM levels is shown to be in proportion to
the clinical severity of the disease [8,15,17,22,24,25,40]. These
previous findings suggest that plasma AM may be a biochem-
ical marker reflecting the presence and severity of CV
complications in patients with CV risk factors. However, it
remains unclear whether plasma AM levels have a predictive
value for the occurrence of future CV events in such patients.

It is currently recognized that low-grade inflammation and
insulin resistance contribute importantly to the initiation and
progression of CV lesions [19,20]. In fact, many studies have
shown that a mild increase in C-reactive protein (CRP), a
sensitive inflammatory marker, is an independent predictor of
future CV events [1,31-34,36]. It has also been shown that
decreased blood levels of adiponectin, an adipocytokine with
insulin sensitizing, anti-inflammatory, and anti-atherogenic
properties, are a novel predictive factor for atherosclerotic CV
disease [5,9,16,37,47]. In the present study, we aimed to
determine whether an elevated level of plasma AM is a
significant predictor of future CV events in high-risk patients,
comparing its predictive power with those of CRP and
adiponectin.

2. Methods
2.1.  Study subjects

A total of 121 patients with two or more CV risk factors and/or
diseases were enrolled in the present study. All subjects were
inpatients who were admitted to the National Cardiovascular
Center, Suita, Japan, for examination and treatment of
hypertension, diabetes mellitus, and CV diseases including
stable coronary artery disease. Patients with acute coronary
syndrome (ie., acute myocardial infarction and unstable
angina pectoris) or congestive heart failure were excluded
from the study. Hypertension was defined as a systolic blood
pressure of >140 mmHg and/or a diastolic blood pressure of
>90 mmHg by repeated measurements or when subjects had
already been treated with antihypertensive drugs. Diabetes
mellitus was diagnosed according to the American Diabetes
Association criteria (a fasting plasma glucose of >126 mg/dL
and/or a plasma glucose level at 2 h after 75 g oral glucose load
of >200 mg/dL), or when medication was taken for treatment
of hyperglycemia. Diagnosis of hyperlipidemia required a
serum total cholesterol level of >220 mg/dL and/or a serum
triglyceride level of >150 mg/dL or the use of lipid-lowering
drugs. Coronary artery disease was diagnosed by electro-
cardiographic, radioisotope cardiographic, and coronary
angiographic criteria. All subjects gave their informed consent
to participate in the present study. All procedures of the
present study were carried out in accordance with institu-
tional and national ethical guidelines for human studies.

2.2, Biochemical measurement

Peripheral blood samples were obtained at rest in the supine
position. Blood for AM measurement was immediately
transferred into ice-chilled glass tubes containing disodium
EDTA (1 mg/mL) and aprotinin (500 U/mL) and centrifuged for

10 min at 4 °C. Plasma samples were frozen and stored at
—80 “C until assayed. Human AM concentration was measured
by immunoradiometric assay using a specific kit (AM RIA
SHIONOGI, Shionogi Pharmaceutical Co. Ltd., Osaka, Japan), as
described previously [27].

Plasma adiponectin was determined by a sandwich ELISA
system (Adiponectin ELISA Kit, Otsuka Pharmaceutical Co.
Ltd.), as previously reported [9,10]. High sensitive CRP (hs-CRP)
was measured by nephelometry (SRL Inc., Tokyo, Japan).
Fasting plasma glucose, hemoglobin Alc, total cholesteral,
triglycerides, high-density lipoprotein (HDL) cholesterol, and
serum creatinine were determined by standard laboratory
measurements. Creatinine clearance was calculated from the
Cockeroft-Gault formula [3].

2.3, Follow-up

After the initial assessment, all patients periodically visited
our hospital for the treatment of risk factors (hypertension,
diabetes mellitus, and/or hyperlipidemia) and CV diseases. CV
events as clinical endpoints were stroke and transient
ischemic attack confirmed by clinical symptoms, computed
tomography, magnetic resonance angiography, and/or cere-
brovascular angiography findings, acute coronary syndrome
confirmed by electrocardiographic changes, coronary angio-
graphy, and/or myocardial scintigraphy findings, and con-
gestive heart failure requiring hospitalization. Congestive
heart failure was defined as clinical symptoms and signs
(dyspnea, pulmonary rale, and/or leg edema), hypoxemia, and
findings of chest radiography (pulmonary congestion and/or
pleural effusion). Diagnosis of heart failure and need for
admission were determined by clinical physicians who were
blind to the basal level of AM, hs-CRP, or adiponectin. For
patients who experienced multiple episodes, the analysis
included only the first event. For patients without any CV
event mentioned above, the date of censor was that of the last
contact with the subject. The mean follow-up period was 42.0
months (0.3-81.3 months).

2.4.  Statistical analysis

Statistical analysis was performed using StatView Version 5
Software (Abacus Concepts Inc., Berkeley, CA). Values were
expressed as mean + S.D. An unpaired Student’s t-test was
used for comparison between the two groups. The significance
of differences among the three groups was evaluated by an
unpaired ANOVA with subsequent Scheffe’s multiple compar-
ison test. Event-free curves were derived by means of the
Kaplan-Meier method and were compared by log-rank test.
The predictive value for CV events was tested by univariate
Cox proportional hazards regression analysis. Then, a multi-
variate analysis using stepwise regression model was applied
toidentify independent predictors and their prognostic power.
A value of P < 0.05 was accepted as statistically significant.

3 Results

Baseline clinical characteristics of total study subjects are
shown in Table 1. The present subjects had a high percentage
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Table 1 - Clinical characteristics of total subjects (n = 121)

Variable

Age (years) 67.6:£95
Sex (men) (%) 68.6

Body mass index (kg/m?) 236+ 4.4
Hypertension (%) B4.3
Diabetes mellitus (%) 44.6
Hyperlipidemia (%) 57.0
Smokers (current or past) (%) 76.0
Previous coronary artery disease (%) 48.8
Systolic blood pressure (mmHg) 136 £18
Diastolic blood pressure {mmHg) 73+ 11
Heart rate (beats/min) 65+ 8
Fasting plasma glucose (mg/dL) 106 + 31
Hemoglobin Ale (%) 62+16
Total cholesterol (mg/dL) 191+ 30
Triglycerides (mg/dL) 114 + 51
HDL cholesterol (mg/dL) 4514 134
Creatinine clearance (mL/min) 78.6 + 35.5

Values are mean + S.D. or percentage.

of CV risk factors such as hypertension, diabetes mellitus,
hyperlipidemia, and smoking habit, although their blood
pressure, plasma glucose, and serum lipid levels were
controlled by adequate treatments. In addition, 59 patients
(48.8%) had a history of coronary artery disease.

During follow-up periods after the baseline assessment, 28
patients newly experienced major CV events. There were six
subjects with cerebral infarction, one with cerebral hemor-
rhage, five with transient ischemic attack, six with unstable
angina pectoris, one with acute myocardial infarction, and
nine with congestive heart failure. The plasma AM level was
significantly higher in patients who had CV events than in

Table 2 - Association of basal AM, hs-CRP, and adipo-

nectin levels with the following CV events

Variable CV event P
() (n=93) (+) (n=28)

AM (fmol/mL) 116 +3.3 14.6 + 6.3 <0.001

Hs-CRP (mg/dL) 0.23 +£0.30 0.31 £ 0.65 0.355

Adiponectin (pg/mL) 58447 72456 0.214

Values are mean + S.D.

event-free subjects (Table 2). There was no significant
difference in hs-CRP or adiponectin level between the two
groups.

All subjects were divided into three groups according to
tertiles of basal AM levels (<10.1,10.1-13.1, and >13.1 fmol/mL).
Mean plasma levels of basal AM in the lowest, middle,
and highest tertile groups were 83+ 1.1, 11.5+ 10, and
16.9 + 4.1 fmol/mL, respectively (Table 3). Age, sex, body mass
index, prevalence of hypertension, diabetes mellitus, and
hyperlipidernia, smoking habit, blood pressure, heart rate,
and glucose and lipid parameters did not differ among the three
groups. The group in the highest tertile of AM had a significantly
higher rate of past history of coronary artery disease, and lower
creatinine clearance compared with the other two groups. Hs-
CRP and adiponectin levels were also elevated in the highest
tertile than in the lowest and/or middle tertiles. CV event-free
Kaplan-Meier curves in the three groups are presented in Fig. 1.
Cumulative event-free rates in the lowest, middle, and highest
tertiles of AM were 83.2%, 68.6%, and 52.8%, respectively. These
curves showed that higher basal levels of plasma AM were
significantly associated with higher rate of CV events during
follow-up (log-rank test, P = 0.033).

Table 3 - Clinical characteristics of three groups divided by tertiles of basal AM levels

Variable Lowest tertile (n = 40) Middle tertile (n = 40) Highest tertile (n = 41)
Age (vears) 66.6+84 66.8+ 106 69393
Sex (men) (%) 75.0 60.0 70.7

Body mass index (kg/m?) 243%39 243156 22.1+30
Hypertension (%) 80.0 77.5 951
Diabetes mellitus (%) 35 55.0 415
Hyperlipidemia (%) 67.5 55.0 488
Smokers (current or past) (%) 77.5 67.5 82.9
Previous coronary artery disease (%) 35.0 400 707"
Systolic blood pressure (mmHg) 133+ 14 135 + 22 139+ 16
Diastolic blood pressure (mmHg) 7449 73412 71+11
Heart rate (beats/min) 6519 64+8 65+8
Fasting plasma glucose (mg/dL) 109 + 30 103 + 27 107 + 35
Hemoglobin Alc (%) 64+21 62+13 60412
Total cholesterol (mg/dL) 191+ 31 199+ 29 183 4+ 29
Triglycerides (mg/dL) 1254 59 109 + 51 108 + 39

HDL cholesterol (mg/dL) 4456+ 126 47.7 +14.7 43.0+ 126
Creatinine clearance (mL/min) 87.4+26.1 85.4 +39.1 6334354
AM (fmol/mL) 8311 115+ 1.0 169+4.1""
Hs-CRP (mg/dL) 0.1140.14 0.17 +0.23 047 +080"
Adiponectin (ug/mL) 47+35 6.4+44 7.5+62

Values are mean + S.D. or percentage.
" P < 0.05 vs, lowest tertile.
" P < 0.05 vs, middle tertile.




