Table 2 Baseline clinical characteristics of study subjects
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E/A ratio > median

E/A ratio < median

Male > 0.84 Male <0.84
Female >0.82 Female < 0.82
Low S/D Migh /D Low S/D High S/0

Male < 1.31 Male > 1,31 Male < 1.77 Male > 1.77
Vanables Female < 1.51 Famale > 1.51 Female < 1.81 Famale > 1.81
n 177 178 175 175
Malo (%) 509 50.6 503 503
Age (years) 52.74142° 805+9.4"% 85.7+8.0' 676+83
Body mass index (kg/m?) 241+37 243433 244433 242130
Duration of hypertension (years) 11.9+102% 1284+98% 16.3+10.2° 178+ 104"
Smoking status (%)

Never/past/currant 54,0/27.8/18.2 55.4/23.221.5 54.3/30.9/14.9 50.3/37.7/12.0
Pulse pressure (mmHg) 603+151" 61.0+11.2 64.0=13.7° 654 +150'
Heart rate (bpm) 650+ 89 65.9+0.4 67385 68,1475
Diabetes (%) 188 174 28.0 20.9°
Total cholesterol (mmaol/l) 5.28+0.88 5254077 513+079 5231084
Triglycendes (mmal/) 1.59+1.53 1.454 0,89 1494085 1504078
High-densily lipoprotein cholesteral (mmaol/l) 1.40+0.44% 1.34£0.40 1.27 £0.34' 1.24 +0.38'
LAD (cm) 3.54 £ 044! 365+0.49 367 +048" 366+ 045
LVMI (g/m?) 123,34 £ 36,28 1245683112 127.35+35.23 132.18 + 32 58"
Ejection fraction (96) 70,54 4 8,64 7176+ 7.10 71884774 7259 +7.01"
E/A ratio 1.15+0.289 102+017'% 0.71+0.08" 0654011
DeT (ms) 206.2+36.5% 216.7+38.0% 2430+431" 263.7 +52.0'%
S/D ratio 1.1 +0.20° 166+024'% 1.54+018' 2.14+033'"%
Peak PV, velocity (mis) 0.26 +0.06% 0.26+0.05 0.30 + 0.08' 0.31 010
ARdur ~ Ay (ms) ~289+308 -206+28.3 -31.4+281 ~289+ 266
Drastolic filling patterns (%)

Normal filling 53,7 449% o' o'

Impaired relazation 39.6% 55,119 100.0' 100.0'

Pseudonormal filling 56" of o' o'

Rastrictive filling 1.1 0 1] o
Antihypertensive medication (%) 67.2% 799’ Ba.g' a5 8

Calcium channel blocker 5299 s28" 78.7" 71.8'

Bela-blocker 299 a5 22.3 234

ACEl or ARB 324 320 348 383

Diuretic 135 1.1 188 25.6'
Number of GVD events 5 10 13 28'%
ACEl ang y-converting inhibidor; Ay, the duration of atnal filing wave; ARB, angiatensin Il receptor blocker; ARdur, the duration of flow at atnal contraction: A-

velocty, the peak of atnal diastolic phase filing; CVD, cardiovascular disease, DeT, the deceleration time of early diastolic LV filling; E/A, the rato of peak early to |ale
diastolic filling velocity, E-velocity, the peak of early diastolic phase filling; LAD, left atnal dimension; LVMI, left venincular mass index; PV, pulmonary vein alnal reversal, S/D,
the ratio of the pulmanary venous sysialic velocily 1o diastalic velocity, Data are mean £ SO or percentage. *P< 0,05 and 'P < 0.01 versus low S/D ratio and high E/A.

'P< 0.08 and "P< 0.01 versus low S/ ratio and low E/A.
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Cardiovascular event-free survival in four groups stratified by both
baseline peak velocity ratio of the pulmonary venous systolic 1o diastalic
wave (S/D) and peak transmitral velocity ratio of early diastolic to atrial
filling (E/A) (log-rank x* = 2B.064, P< 0.01),

Discussion

The present study demonstrated that the relationship
between a high §/D ratio and CVD risk is significant,
and persisted after multivanate Cox regression analysis
including traditional risk factors. The combination of high
§/D and low E/A was a powerful independent predictor of
CVD events. Moreover, even in the subgroup with low
EJA, high S/D was a significant predictor of CVD events.

Qur results were partially in accordance with a previous
report [13] that more than 95% of our study subjects had
‘normal diastolic function” or ‘mild diastolic dysfunction’,
In addition, only 0.3 and 1.4% of the subjects were
identified as having a ‘restrictive pattern’ and ‘moderate
diastolic dysfunction (pseudonormal pattern)’, respect-
ively. Therefore, pseudonormal or restrictive physiology
is unlikely to affect the results observed in the present
study ro a significant degree.

Our results showed that a high §/D ratio is independently
associated with CVD nisk, and suggest that the assessments
of PVF by transthoracic echocardiography, simple
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Table3 Combined effects of the peak velocity ratio of the pulmonary venous systolic to diastolic wave (S/D) and peak transmitral velocity
ratio of early diastolic to atrial filling (E/A) ratios as predictors of cardiovascular disease events

Crude Risk factor adjusted model®

Variables HR {955 CI) P HR (85% CI) f
S/D and EIA

Low S/D and high E/A 1 {reference) 1 (referenca)

High S/D and high £/4 1.480 (0.B8-2.65) 0.140 1.402 (0.83-2.53) 0.211

Low S/D and low E/A 1.720 (1.05-3.04) 0.029 1,380 (0.84-2.48) 0.206

High S/0 and low E/A 2662 (1.72-457) <0.001 2.158 (1.40-3.70) 0.001
Age, 1 year 1.058 (1.03-1.09) =0.00 1.032 (1.00-1.06) 0.040
Diabetes, yes 1.449 (1.10~1.89) 0010 1,301 {0.68-1.70) 0.067
Pulse pressure, 1 mmHg 1.031 (1.02-1.05) = 0.001 1.015 {1.00-1.03) 01186
LAD, 0.1 cm 1.010 (1.00-1.01) < 0.001 1.002 (1.00-1.01) 0.428
LVMI, 1glm’ 1.017 (1.01-1.02) < 0.001 1.015 (1.01-1.02) = 0.001
Cl, confidence interval, HR, hazard ratio; LAD, left atrial d 1, LVMI, left mass index. * Adjusted by age, d pulsa p , LAD, and LVML

methods of assessing left atrial diastolic filling [29,30], are
useful for predicting the risk of CVD in essential hyper-
tension. The precise mechanisms by which the risk for
CVD becomes higher with increasing 8/D ratio are unclear;
there are, however, several hypothetical mechanisms:
LVMI, an established independent predictor of CVD in
hypertension [31], was higher in patients with higher S/D
ratio, but the association between a higher §/D ratio and
CVD was statistically independent of LVMI in multi-
variate analysis; in normal LV function, the S/D ratio
positively correlates with left atrial reservoir function
[32], which may reflect the cumulative effect of filling
pressures over time; and the activated renin—-angiotensin—
aldosterone system and brain natriuretic peptide, which
are importantly involved in the development of hyperten-
sion and CVD, strongly promorte myocardial remodeling,
resulting in increased S/ ratio.

One notable result of this study is that, in essendal
hypertension, the combination of a high §/D and low
E/A was a powerful independent predictor of CVD
events, and this is especially noteworthy because of the
relatively short follow-up of this study. More importantly,
in the group with low £/A, the risk of CVD became higher
with increasing 87D ratio, and thus, the assessment of S/D
ratio adds prognostic information especially in subjects
with low £/A. The fact that the association berween the
group with high §/D and low £/A and an increased risk for
CVD was present even in those with ‘normal diastolic
function’ or *mild diastolic dysfunction' suggests that
evaluation of both mitral valve flow (MVF) and PVF
may help identify essential hypertensive subjects without
clinical evidence of CVD who are predisposed to adverse
outcomes, This result may have been introduced because
of advanced age, higher pulse pressure, and longer
duration of hypertension, which are established risk fac-
tors for CVD, in subjects with high §/D and low E/A. On
the other hand, the diastole phase of PVF resembles early
mitral flow, while systolic forward flow is influenced by
left atrial compliance, atrial relaxation, mean left atrial
pressure, descent of annuals toward the left ventricular
apex, and right ventricular contraction [33]. Previous

reports have shown that PV, assaciates with LV preload
[34] and left atrial pressure [35]. In addition, the $/D ratio
positively correlates with left atrial pressure in subjects
with normal LV functon [32]. Thus, in subjects with £/A
under median values, an increased §/D rato may suggest
the presence of worse left atrial function, increased LV
preload, and worse right ventricular contraction. Evalu-
ation of pulmonary 8/ in addition to mitral £/4 may help
to assess not only LV diastolic function, but also left atrial
and right ventricular function, and thus may provide
clinically sensitive prognostic informartion in patients with
essental hypertension. A previous study [36] as well as
the present study found thar it was possible to obtain
high-quality recordings of PVF in more than 80% of the
patients by transthoracic echocardiography with daily
practice, and thus, we suggest routine evaluation of not
only MVF, but also PVF. With respect to the ARdur
and peak PV, velocity, we could not find a significant
association between these vanables and CVD  risk,
possibly because these variables are usually normal in
mild diastolic dysfunction [37].

A previous report showed that control of hypertension
and regression of cardiac hypertrophy improved LV dias-
tolic dysfunction [38]. Because our study population
included patients with treated essential hypertension
at the beginning of the study, our results suggest the
importance of evaluating diastolic dysfunction to assess
CVD nsk, even in patients receiving antihypertensive
medication. These results could, however, underesti-
mate the involvement of blood pressure or PVF itself
in the development of diastolic dysfunction and CVD
events. Another limitation was the lack of control over
occasional changes in the antihypertensive regimens over
time. The deceleration time of PV, which is also useful
for estimating pulmonary capillary wedge pressure as a
measure of left atrial pressure [39], was not included in
this study because it 15 vseful only n patients with a
relatively slow heart rate [40]. Severe mitral regurgitation
or severe systolic dysfunction can influence PVF, and our
findings may not be applicable to hypertensive patients
with these other concomitant conditions.
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In conclusion, our findings suggest that impaired diastolic
function evaluated by increased S/D or decreased £/A on
the baseline Doppler echocardiography is associated with
an increased nisk of CVD, and the combination of high
8/D and low E/A may be a powerful predictor of CVD in
essential hypertension. PVF evaluation by Doppler echo-
cardiography may provide clinically important prognostic
information in patients with essential hypertension.

Acknowledgement

There are no conflicts of interest.

References
Zile MR, Gaasch WH, Carroll JD, Feldman MD Aungnmml GP, Schaer
GL, et al. Heart failure with a normal &j of
diastolic function y to make the diag i o hear failura’?

Circulation 2001; 104',??9 -782.
Hansen A, Haass M, Zugck C, Krueger C, Unnebnnk K, Zimmermann R,
et a.f Prognostic value of Doppler echocardiographic mitral inflow patterns:
for nisk fi n pat with ehronic congestiva haart
failure. J Am Coll Cardinl 2001, 37 1048-1055,
N-ﬁar\d F. Kamp O, Karreman AJ, van Eenige MJ, Visser CA. Prognostic
of P laft tncular filling in acute myocardial
|n|mhm a sanal Doppler echocardiographic study. J Am Coll Cardiol
1997, 30:1618- 1624,
Cenzano G, Bolognese L, Buonamici P, Valent: R, Carabba N, Dovellini EV,
et al, Prognostic implications of restrictive lefl ventricular filling in rep
anterior acute myocardial infarction. J Am Coll Cardiol 2001, 37:783-789.
Aurigemma GP, Golidiener JS, Shemanski L, Gardin J, Kitzman D,
Predictive value ol systolic and diastolic function for incident congestive
heart failure in the elderly. the cardiovascular health study. J Am Coll
Cardiol 2001, 37:1042-1048.
Schillac G, Pasqualim L, Verdecchia P, Vaudo G, Marches: 5, Porcellati C,
et al. Prognoshic significance of left ventncular diastolic dysfunction in
essential hypenansion. J Am Coll Cardiol 2002; 39:2005-2011.
Bella N, Palmien V, Roman MJ, Liu JE, Welty TK, Lee ET, ef al. Mitral ratio of
peak early to late diastolic filing velocity as a pred of mortality in
middle-aged and elderly adults: the Strong Heart Study. Circulation 2002;
105:1928-1833,
Tabata T, Thomas JD, Kiein AL Pulmonary venous flow by doppler
echocardiography: revisited 12 years later. J Am Coll Carchial 2003;
41:1243-1250,
Klein AL, Tajik AJ. Doppler assessment of pulmonary venous flow in healthy
subjects and in patients with heart disease. J Am Soc Echocardiogr 1981,
4:379-392.
Redfield MM, Jacobsen SJ, Bumett JC Jr, Mahoney DW, Bailey KR,
Rodeheffer RJ. Burden of systolic and diastolic ventricular dysfunction in
the community: appreciating the scope of the heart failure epidemic. JAMA
2003; 289:184-202.
Dini FL, Dell'Anna R, Micheli A, Michelassi C, Rovai D. Impact of blurted
pulmonary venous flow on the outcome of patients with left ventneular
sysiolic dysfunction secondary to either ischemic or idiopathic dilated
cardiomyopathy. Am J Cardiof 2000; 85:1455-1460.
Dini FL, Michelass: C, Micheli G, Rovai D. P value of pul ¥
venous flow Doppler signal in left lar dyst contrb 1 of
the difference in duration of pulmonary venous and mitral flow at atrial
contraction. J Am Coll Cardiol 2000; 36:1285-1302.
Wachtell K, Smith G, Gerdis E, Dahlof B, N MS, Papad iou V,
et al. Left ventncular filling pattems in patents with systemic hyperiension
and left ventricular hypertrophy (the LIFE study), Losartan Interventon For
Endpoint. Am J Cardiol 2000; 85:466-472.
de Simone G, Greco R, Mureddu G, Romana C, Guida R, Celentano A,
Contaldo F. Relation of left ventncular diastolic properties 1o systolic
function in arterial hypertension. Circulation 2000; 101:152-157
Mureddu GF, de Simone G, Greco R, Rosato GF, Contaldo F. Left ventricular
filling in arterial hypertension. Influence of obesity and hemodynamic and
struciural confounders. Hypertension 1997; 28:544-550.
Masuy T.Lee IM, Y K Ti hi J, Hori M, Kamada T, Analysis
ol pulmonary venous flow velocity patterns in hyperiensive hears: its
complementary value in the interpretation of miral flow velocity pattems.
Am Heart J 1992; 24:983-964.
Report of the expert on the diag and classfication of
diabetes mellitus. Diabetes Care 2003; 26(Suppl 1):S5-520,

20

21

22

23

24

25

26

27

28

2

30

31

32

33

34

a5

38

37

as

as

40

-416-

Pulmonary venous flow in hypertension Iwashima et al. B0S

Iwashima Y, Hona T, Kamide K, Rakug H, Ogihara T, Kawano Y Uﬂcac-d,
left ventricular mass index, and nsk of | ilar d n
hypertension. Hypertension 2008, 47:195-202.

Iwashima Y, Hono T, Takam Y, Inenaga T, Nishukim T, Takishita §, Kawano
Y. Effects of the creation of arler fistula for h dialysis on cardhac
function and natriuretic peptide levels m CRF. Am J Kidney Dis 2002;
40:574-882.

Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, Feigenbaum H,
r.'l' al. Ru:ornmmdutmnu for qmnhlaﬂnn of the left ventncle by two-
Society of Echocardiography

Sl o

C on Standards, on Qi of Two-
Ds 1l Echocardioge JAm Soc E gr 1989; 2:358-367.
Cooper JW, Nanda NC, Philpot EF, Fan P. Eval of vaivular regurg

by color Doppler. J Am Soc Echocardiogr 1989, 2:56-686.

Devereux RB, Alonso DR, Lutusﬂl'l.GmﬂnhGJ Campo E. Sachs |,
Rechek N. Ect ! of left ventricular

companson 1o nacropq- ﬁndmgs Am J Cardiol 1986, 57:450-458.
TuchhnL:LEKnmhnT Herman MV, GcrhnR Problmsmudlowdogm—
phie valume d ap
thpmmenfmnceu!uynm ﬁm}C&dmw‘?ﬁ 37 7-11.
Basnight MA, Gonzalez MS, Kershenawch SC, Appleton CP. Pulmonary
vanous flow velocity: relation to hemodynamics, mitral flow velocity and left
atnal velume, and ejection fraction. J Am Soc Echocardiogr 1991; 4547 -
558,

Conleds

1 M. Dsstolic dysh and diastalic heart failure: diagnostic,
and 1 Cardi uh d 2005; 3:9,

Cuhm Gl, F'Snl.rdmgn JF, Thomll 1D, Klein AL A practical guide to

assesament of ventricular diastolic function using Doppler

echocardiography. J Am Coll Cardiol 1996; 27:1753-1760.

McKea PA, Castelll WP, McNamara PM, Kannel WB. The natural history of

congastive hean failure: the Framingham study. N Engl J Med 1971,

2851441 - 1446,

Masterd A, Deckers JW, Hoes AW, Nederpel A, Smeets A, Linkar DT, eral

Classification of heart failure in popul basod h: an

of six heart falure scores. Eur J Eprdemiol 18987, 13:481-502.

Holmann T, Keck A, van Ingen G, Simic O, Ostermeyer J, Meinertz T,

Simultaneous measuremant of pulmonary venous flow by intravascular

Doppler vel y and phageal Doppler

echocardiography: relation to left atral pressure and left atrial and left

vantricular function. J Am Coll Cardrol 1985; 26:239-2489,

L HF, Muhiudeen 1A, K to FM, Lee E, Mouhner LE,

Cahatan MK, Schiller NB. Estimation of mean left atnal pressure from

transesophageal pulsed Doppler echocardiography of pulmonary venous

fiow. Circulation 1990, 82:1127-1139.

Koren MJ, Deversux RB, Casale PN, Savage DD, Laragh JH. Relation of lell

lar mass and g ¥ to y and in ur

essantial hypmmn Ann Intern Med 1991 114:345-352.

Hoit BD, Shao Y, Gabal M, Walsh RA. Influence of loading conditions and

[ ile state on pul y venous flow. Valdation of Doppiler

velocimetry. Circulation 1992, 86:651-659,

Nishimura RA, Tajik AJ. Evaluation of diastolic filling of left ventricle in health

and di Doppler echocardiography s the cl ‘s R Stone.
J Am Call Cardiof 1887, 30:8-18.
Keren G, mmMLmdnayJJrf"""S.Lmd",_ d oileﬂ

Iand left tarEll; A |

Doppler ect diog ,",.AmJCard g 1596:10:108- 116.
Castello R, Vaughn M, Dressler FA, McBnde LR, Willman VL, Kaiser GC,
et al. Relation between pulmonary venous flow and pulmonary wedge
pressure: influence of cardiac output. Am Heart J 1995, 130:127-134,
Jansen JL, Wilkams FE, Beilby BJ, Johnson BL, Miller LK, Ginter TL, ef al
Feasibelity of ob y venous flow valocidy in cardiac patients
using tmnsihorwr. puiud wave Doppler technique. J Am Soe
Echocardiogr 1897, 10:60-66
Oh JK, Appleton CP, Halle LK, Nishimura RA, Seward JB, Tajik Al The
it of left I ! ll.mcthun with two-
dimensional and Doppler echoc phy. J Am Soc Ex fi
1897; 10:246-270.
Wachtell K, Balla IN, Rokkedal J, Palmien V, Papademetnou V, Dahlof B,
etal Change in dstolic lelt ventncular filkng after one year of antihyperiensive
t: The Losartan I ion For Endpoint Reducton in Hypertension
(LIFE) Study. Circulation 2002; 105:1071- 1076.
Kinnard TD, Thompson CR, Munt Bl The deceleration [correction of
n) time of pul y venous diastolic flow is more te than
the pulmonary arery occlusion pressure in predicting left atnal pressure.
4 Am Colt Cardiol 2001; 37:2025-2030,
n.rwes 8, Rnul E. Pulmwr\r venous flow by Do'nnler ediocardwnphr
i time in p g filling p
llettar). J Am Coll Cardiol 2004, 43:925- 920. author reply 926




Nephrol Dial Transplant (2008) 23: 2324-2328
doi: 10.1093/ndv/gfm954
Advance Access publication 30 January 2008

Original Article

NDT

phrology Dislyss Transp!

Decreased coronary flow reserve in haemodialysis patients

Shinnichiro Niizuma', Shin Takiuchi!

Sadanori Okada?, Takeshi Horio!, Kei Kamide', Hiroto Nakata!,

Fumiki Yoshihara', Satoko Nakamura!, Yuhei Kawano', Hajime Nakahama!, Yoshitaka Iwanaga® and

Satoshi Nakatani®

'Division of Hypertension and Nephrology, *Division of Atherosclerosis and Diabetes and *Division of Cardiology, National

Cardiovascular Center, Fujishirodai 5-7-1, Suita 565-8565, Japan

Abstract

Background. Coronary flow reserve (CFR) reflects the
functional capacity of microcirculation to adapt to blood
demand during increased cardiac work.

Methods. Forty-one patients who had already undergone
coronary angiography were studied. They consisted of 21
haemodialysis patients with no significant left anterior
descending coronary artery (LAD) stenosis and 20 non-
renal failure patients without LAD stenosis. We performed
transthoracic Doppler recording of diastolic coronary flow
velocity in the LAD at baseline and after maximal vasodi-
latation by adenosine triphosphate (ATP) infusion. CFR
was defined as the ratio of hyperaemic to basal averaged
peak flow velocity.

Results. Although the peak coronary velocities during hy-
peraemia were similar between the two groups, CFR was
smaller in haemodialysis (HD) patients than in control sub-
jects (1.96 = 04 versus 2.3 + 0.5, P = 0.001) due to the
higher baseline peak coronary velocities in the former.
Conclusions. The elevated baseline peak coronary velocity
may be caused by cardiac hypertrophy and anaemia in HD
patients.

Keywords: anaemia; coronary flow reserve;
echocardiography; haemodialysis; left ventricular

Introduction

Ischaemic heart disease 1s by far the leading cause of mor-
bidity and mortality in haemodialysis (HD) patients. Since
prevention is not easy, early detection of the disease is the
key issue. While coronary angiography is a defimtive diag-
nostic tool, its invasiveness makes it not suitable for all pa-
tients. Non-invasive exercise thallium single-photon emis-
sion computed tomography is expensive and furthermore
not available at all facilities. Stress echography, which has
gained increasing popularity, requires skilled interpreters.
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dai 5-7-1, Suita 565-8565, Japan. E-mail: hnakaham(@hsp.ncve.go.jp

@) The Author [2008]. Published by Oxford Unijversi
For Permissions, please ¢-mail: journals. permissions@oxfordjournals.org

Recently, a method was developed for assessing coronary
flow reserve in the left anterior descending coronary artery
(LAD) non-invasively using transthoracic Doppler echogra-
phy [1]. Coronary flow reserve (CFR) reflects the functional
capacity of microcirculation to adapt to blood demand dur-
ing increased cardiac work. It has been shown to be highly
sensitive and specific in the general population [2]. It has
also been shown to be as effective as T1-201-SPECT for
physiologic estimation of the severity of LAD stenosis [3].
However, there have been few reports on coronary flow re-
serve in HD patients. The purpose of the present study was
to determine the prevalence and mechanism of abnormal
CFR in HD patients without significant LAD stenosis.

Methods

Study population

Between | June 2003 and 31 August 2003, 196 patients
(HD 47, non-HD 149) were hospitalized in our facility
because of clinically suspected coronary artery disease.
Of the 72 patients who had no significant LAD steno-
sis on coronary angiography, 41 gave their consent to
undergo CFR measurement using transthoracic Doppler
echocardiography. The final study population consisted
of 21 haemodialysis patients and 20 patients with normal
renal function. The exclusion criteria for the present study
included the presence of old myocardial infarction, dilated
cardiomyopathy, valvular heart disease, hypertrophic car-
diomyopathy, congenital heart disease and insufficient echo
imaging. Patients with arrhythmias, including atrioventric-
ular blocks or atrial fibrillation, and bronchial asthma were
also excluded because the administration of adenosine
triphosphate (ATP) mught have worsened their symp-
toms. All subjects gave their informed consent, and the
institutional ethics committee approved the study protocol.

CFR measurements by transthoracic Doppler
echocardiography
tions were performed with

Echocardiographic examina d
et ultrasound system (Siemens

a Siemens Sequoia digital

Press on behalf of ERA-EDTA. All rights reserved.
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Table 1. Patient characteristics
Total Haemodialysis Normal P-value

N 4] 21 20
Female (%) 21 5 30 0.05
Age 668 £ 8.7 640124 67.5+9.7 0.34
BM1 ('ks!mmz} 219405 216+ 03 227406 0.11
HT (%) 7% 100 55 0.03
DM (%) i3 68 44 0.53
HLP (%) 44 25 61 0.01
Laboratory data

Cr (mg/dl) 765249, 0.76 £+ 0.02 0.0001

BUN (mg/dl) 65.6 £ 13.6 16.0+4.13 0.0001

Hb (g/dl) 103 &+ 1.59 1274138 0.0001
Etiology

DM (%) 38

Nephrosclerosis (%) 43

PCKD (%) 6

CGN (%) 13

Values are mean £ SD or %.
HT = hyper ; DM = diab
serum creatinine; BUN = blood urea nitrogen; Hb = 2|

Medical Solutions Inc., Mountain View, CA, USA) with
a frequency of 7.0 MHz. The left ventricular mass index
(LVMI) was estimated according to the formula of Dev-
ereux ef al, [4]. The pulsed Doppler transmitral flow veloc-
ity was recorded to measure the ratio of peak mitral E-wave
velocity to peak mitral A-wave velocity (E/A ratio) and the
deceleration time of mitral E-wave velocity.

The baseline spectral Doppler signals 1n the distal por-
tion of the LAD were recorded first. ATP was then admin-
istered (140 pg/’kg/min i.v) for 3 min to record speciral
Doppler signals during hyperaemic conditions. All patients
had continuous heart rate and ECG monitoring throughout
the study. Blood pressure was recorded at baseline, every
minute during ATP infusion, and at recovery.

Measurements were performed off-line by tracing the
contour of the spectral Doppler signal using the computer
incorporated in the ultrasound system. Peak diastolic veloc-
ity was measured at baseline and under peak hyperaemic
conditions. The values in three cardiac cycles were aver-
aged. CFR was defined as the ratio of hyperaemic to basal
peak diastolic velocity. Inter- and intraobserver variabilities
for the measurement of Doppler velocity recordings were
4.1% and 4.2%, respectively.

Coronary angiography and lesion morphology

Coronary angiography was performed following a standard
technique. Before angiography, all of the patients received
an intracoronary bolus injection of nitroglycerin (0.125-
0.25 mg). Coronary stenosis was evaluated using a
computer-assisted quantitative analysis system (CMS-QCA
versus 4.0 MEDIS, The Netherlands) based on multiple pro-
jections by an experienced investigator who was unaware
of the echocardiographic data. A percent diameter stenosis
of >50% was defined as significant stenosis [5].

Statistical analysis

For all statistical studies, we used the computer software
application StatView (Abacus Concepts Inc., Berkeley, CA,

mellitus; HLP = hyperlipidaemia; PCKD = polycystic kidney disease; CGN = chronic glomerlonephritis; Cr =

Table 2. Coronary angiography results

Normal  Haemodialysis

Single vessel disease, n

Double vessel disease, n

Triple vessel disease, n

Left main disease, n

Left anterior descending artery stenosis, n
Left circumflex artery stenosis, n

Right coronary artery stenosis, n
Significant stenosis (=), n

-
- DNy

CoOwOoD—dh

USA). Values are expressed as the means + SD. Differences
were analysed by ANOVA followed by Fisher's protected
least significant difference test for continuous variables and
with the y? test for categorical variables. P < 0.05 was
considered statistically significant.

Results

Patient characteristics and clinical findings

The clinical and demographic findings are summarized in
Table |. The percentage of females in the control group
was greater than that in the haemodialysis group. There
was no significant difference in age or the prevalence of di-
abetes mellitus between the two groups. The prevalence of
hypertension was significantly higher in the haemodialysis
group. The prevalence of hyperlipidaemia and the blood
haemoglobin level were both significantly lower in the
haemodialysis group.

Coronary angiography results

Table 2 shows the results of coronary angiography. Signif-
icant stenosis was found in the LAD in 0 patients, in the
LCX in 16 patients (normal 8, HD 8) and in the RCA in 21
patients (normal 10, HD 11). Sixteen patients (normal g,
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Fig. 1. Peak coronary flow velocity at baseline and hyperaemia
Table 3. Echocardiography P=0.001
Haemodialysis Normal P-value 37 !

IVST (mm) 1214 1.8 98+ 16 0.006 25 9
PWT (mm) 122£1.8 98£13 0.001
LVDd (mm) 541461 457+£39 0.0001 2
LVDs (mm) 384 £4.1 301 £ 5.4 o003 fF
FS (%) 29637 341 £ 102 0.20 (5] ]
E/A 1.0+ 0.59 0.85 & 0.32 0.32 14
DCT (ms) 223.6 & 54.5 223.1 £ 596 0.69
LVMI (g/m?) 206.7 + 68.8 118.6 £ 33.7 0.0001 17
Values are mean £ SD. 5 7
IVST = interventricular septal thickness; PWT = posterior wall thick-
ness; E/A = ratio of peak mitral E-wave velocity to peak matral A-wave 0

velocity; DCT = deceleration time of carly diastohic filling; FS = frac-
tional shortening; LVDd = left ventncular diastolic dimension; LVDS =
|eft ventricular systolic dimension; LVMI = left ventricular mass index.

HD 8) had multivessel disease and no patient had left main
trunk stenosis.

Echocardiographic parameters

The echocardiographic data are summarized in Table 3. The
prevalence of left ventricular hypertrophy was significantly
greater in the haemodialysis patients,

Haemodynamics and coronary flow findings

The haemodynamic data and coronary flow data are sum-
marized in Table 4. Both systolic and diastolic blood pres-
sures at baseline were significantly higher in the haemodial-
ysis patients. The average peak coronary flow velocity at
baseline in HD patients was significantly greater than thatin
control subjects. The average peak coronary flow velocity
during hyperaemia tended to be greater in the haemodial-
ysis group than in control subjects, but this difference
was not statistically significant (Figure 1). Consequently,
the coronary flow reserve, defined as the ratio of hyper-
aemic to basal peak diastolic velocity, was significantly
lower in the haemodialysis group than in the control group
(Figure 2).

Normal

Haemodialysis

Fig. 2. CFR in normal and haemodialysis patients. Values are mean £
sD.

Relationship between baseline coronary blood flow and
left ventricular mass index or blood haemoglobin level

There was a significant positive correlation between left
ventricular hypertrophy as assessed by the LVMI and the
average peak coronary flow velocity at baseline (Figure 3a)
There was a significant negative correlation between the
blood haemoglobin level and the average peak coronary
flow velocity at baseline (Figure 3b). There was no signif-
icant correlation (r = 0.28, P = 0.08) between LVMI and
the haemoglobin level.

Discussion

Previous studies have shown that coronary flow reserve is
reduced m various disorders. In this study, dimnished coro-
nary flow reserve was observed in haemodialysis patients.
Diminished coronary flow reserve may account for sev-
eral symptoms that are often encountered in haemodialysis
patients. Chest pain, arrhythmia and hypotension during
haemodialysis sessions may be caused by diminished coro-
nary flow reserve.

The impaired coronary flow reserve observed here was
caused primarily by an elevation of the peak coronary
flow velocity at baseline. The elevated peak coronary flow
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Fig. 3. Correlations of basal peak coronary flow velocity with LVMI (a) and haemoglobin (b).

Table 4. H dy and y flow finding
Haemodialysis Normal P-Value
Baseline
SBP (mmHg) 143 + 20 116 £ 22 0.0008
DBP (mmHg) 75418 62+ 10 0.01
HR (beats/min) 65412 66+ 11 0.50
Average peak flow velocity (cm/s) 297+ 114 19.1+£89 0.005
Hyperaemia
SBP (mmHg) 124 £ 24 116 £ 20 0.28
DBP (mmHg) 65+ 15 59+90 012
HR (beate/min) 67+ 11 66+ 11 0.77
Average peak flow velocity (cm/s) 56.6 £27.2 458 +20.5 0.19
Coronary flow reserve 1.95 £ 0.49 244 052 0.001

Values are mean £ SD.

velocity at baseline may be attributed to an increase in
left ventricular mass due to long-standing hypertension and
anaemia, which are common in this patient population.

Impaired coronary flow reserve in hypertensive patients
has been reported previously. Hamasaki er al. studied coro-
nary flow reserve by intravascular ultrasound examination
in hypertensive subjects with normal or mildly diseased
coronary arteries at angiography [6]. They demonstrated
that coronary blood flow at baseline was enhanced and its
response to both acetylcholine and adenosine was signifi-
cantly reduced in patients with left ventricular hypertrophy.
Takiuchi er al. demonstrated that there was a significant
negative correlation between coronary flow reserve and
the serum concentration of asymmetric dimethylarginine
(ADMA) [7]. ADMA is an endogenous compefitive in-
hibitor of nitric oxide synthases, and serum ADMA levels
have been suggested to be markers of endothelial dysfunc-
tion. Ravani ef al. studied the relationship among plasma
levels of ADMA, renal function and the risk for progres-
sion to end-stage renal disease (ESRD) in 131 patients
with chronic kidney disease. They demonstrated that in pa-
tients with mild to advanced chronic kidney disease, plasma
ADMA was mversely related to glomerular filtration rate
and represented a strong and independent risk marker for
progression to ESRD and mortality [B]. This study suggests
that plasma ADMA level 1s high in haemodialysis patients.
As we demonstrated, anaemia is also associated with high
resting basal coronary flow.

To our knowledge, there have been only two reports on
the effect of renal failure on coronary flow reserve. Ragosta

et al. studied coronary flow reserve with a Doppler ultra-
sound scanning wire in a normal coronary in 32 patients
without diabetes mellitus, 11 patients with diabetes melli-
tus without renal failure and 21 patients with both diabetes
mellitus and renal failure [9]. They demonstrated that coro-
nary flow reserve was attenuated m 9% of patients without
diabetes mellitus, 18% of patients with diabetes mellitus
without renal failure and 57% of patients with diabetes
mellitus and renal failure. In the latter cases, abnormal
coronary flow reserve was caused by an elevation of base-
line coronary flow at baseline. The univanate predictors
of abnormal CFR included left ventricular hypertrophy but
not the haematocrit level. The baseline heart rate and the
presence of diabetes mellitus with renal failure were in-
dependent predictors of attenuated coronary flow reserve
by multivariate analysis. Their definition of renal failure 1s
ambiguous since they merely state that end-stage renal fail-
ure was diagnosed by a nephrologist. Furthermore, they did
not have a group of patients with end-stage renal disease
who did not have diabetes mellitus. Nevertheless, the no-
tion that elevated coronary flow at baseline 1s a factor that
should always be considered is important. In our present
study, there was no difference in the prevalence of diabetes
mellitus between the haemodialysis group and the control
group. We speculate that an elevation of baseline coronary
flow at baseline is independent of diabetes mellitus.

Tok et al. reported that coronary flow reserve was im-
paired in haemodialysis patients [10]. There was no dif-
ference in LVMI between the haemodialysis and control
groups. There was also no difference in LVMI between
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subjects with high and low coronary flow reserve subjects,
even among the haemodialysis group. This implies that left
ventricular hypertrophy is not a determinant of coronary
flow reserve, which contradicts our findings and those in
other previous studies. They found a strong inverse correla-
tion between mitral-septal corner mean diastolic velocities
during atnal contractions (Am) and coronary flow reserve.
In addition, a positive correlation was found between the
mitral-septal corner mean diastolic velocity during early
diastole (Em):Am ratio, the lateral Em:Am ratio and coro-
nary flow reserve. They concluded that decreased coronary
flow reserve might contribute to the impairment of diastolic
function, or vice versa. Since no data on baseline coronary
flow at baseline were presented, a direct comparison with
our study 1s not possible.

In conclusion, coronary flow reserve was diminished in
haemodialysis patients. This impaired coronary flow re-
serve was caused primarily by an elevation of the peak coro-
nary flow velocity at baseline. The elevated peak coronary
flow velocity at baseline may be attributed to an increase
in left ventricular mass due to long-standing hypertension
and anaemia.

Conflict of interest statement. None declared.
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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-CRF), 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 artack, 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 accordingto 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 rights reserved.

1s 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.

Itis 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), %"

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 nove! 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 (i.e., 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
>80 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
—B0 "Cuntil 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 cholesterol,
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 basa! 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
to identify 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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Variable

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

Body mass index (kg/m?) 236+ 44
Hypertension (%) B4.3
Diabetes mellitus (%) 445
Hyperlipidemia (%) 57.0
Smokers (current or past) (%) 76.0

Previous ¢ y artery di (%) 48.8
Systolic blood pressure (mmHg) 136+ 18
Diastolic blood pressure (mmHg) 73£1t O
Heart rate (beats/min) 65+8 ©
Fasting plasma glucose (mg/dL) 106 £ 31
Hemoglobin Alc (%) 62+16
Total cholesterol (mg/dL) 191+ 30
Triglycerides (mg/dL) 114 %51
HDL cholesterol (mg/dL) 45.1 4+ 134
Creatinine clearance (mL/min) 786+355

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-CRF, and adipo-

nectin levels with the following CV events

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

AM (fmol/mL) 11633 146463 <0.001

Hs-CRP (mg/dL) 023£030 0314065 0359

Adipenectin (ug/mL) 58447 72456 0214

Values are mean + 5.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+11, 115410, and
16.9 + 4.1 fmol/mL, respectively (Table 3). Age, sex, body mass
index, prevalence of hypertension, diabetes mellitus, and
hyperlipidemia, 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 (years) 66.6 4+ 8.4 66.8 + 106 693493
Sex (men) (%) 75.0 60.0 70.7

Body mass index (kg/m?) 243439 243456 221430
Hypertension (%) 80.0 775 951
Diabetes mellitus (%) 75 55.0 415
Hyperlipidemia (%) 675 55.0 488
Smokers (current or past) (%) 775 67.5 829
Previous coronary artery disease (%) 35.0 40,0 707"
Systolic blood pressure (mmHg) 1334 14 135422 139 £ 16
Diastolic blood pressure (mmHg) 749 73+12 7111
Heart rate (beats/min) 6549 64+8 6548
Fasting plasma glucose (mg/dL) 109 + 30 103 £27 107 + 35
Hemoglobin Alc (%) 64421 6.2+13 6.0+12
Total cholesterol (mg/dL) 191431 199429 183+ 29
Triglycerides (mg/dL) 125 4 59 109 51 108 439

HDL cholesterol (mg/dL) 446 £ 126 47.7 £14.7 4304126
Creatinine clearance (mlL/min) 87.4+26.1 85441391 63.34354"
AM (fmol/mL) 83411 115410 169 £ 417
Hs-CRP (mg/dL) 0114014 017 +023 047 £0.60""
Adiponectin (ug/mL) 47435 6.4 444 75462

Values are mean 4+ S.D. or percentage.
" P <0.05 vs. lowest tertile.
= P <0.05 vs. middle tertile.
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Fig. 1 - CV event-free curves obtained with the Kaplan-
Meier method in the three groups divided by tertiles of
basal AM levels. Cumulative event-free rates in the lowest,
middle, and highest tertiles were 83.2%, 68.6%, and 52.8%,
respectively (log-rank test, P = 0.033). Lowest tertile, basal
AM <10.1 fmol/mL (n = 40); middle tertile, basal AM >10.1
and <13.1 fmol/mL (n = 40); highest tertile, basal AM

>13.1 fmol/mL (n = 41).

Cox regression analysis was performed to examine the
predictive power of plasma AM for future CV events,
comparing with those of hs-CRP and adiponectin. In the
univariate analysis, past history of coronary artery disease,
creatinine clearance, and plasma hs-CRP in addition to plasma

AM were significantly related to the incidence of CV
events during the follow-up periods (Table 4). Among
these possible predictive factors, high plasma AM and low
creatinine clearance were independent predictors of CV events
in the multivariate analysis, and the predictive value of AM for
morbidity was most significant (+10% per 1-fmol/mL increasein
AM, P=0004). Furthermore, even when the multivariate
regression was reanalyzed after excluding subjects with
previous coronary artery disease, the predictive value of AM
for CV events was still significant, independently of creatinine
clearance and other variables (hazard ratio 1.20 (per 1 fmol/mL
increase), 95% confidence interval 1.06-1.35, P = 0.004).

4. Discussion

Plasma AM levels are known to be elevated in various
pathological states, including several CV diseases [7,8,11,
15,17,22,24,25,40,41). In addition, some studies showed that
AM level was a predictor of survival in patients with acute
myocardial infarction and chronic heart failure [12,23,29,30].
However, there have been no reports examining whether
plasma AM can predict the occurrence of CV events in subjects
with CV risk factors. Thus, the present study has demon-
strated for the first time that an increased level of plasma AM
becomes a significant predictor of future CV events in high-
risk patients, independently of a variety of influencing factors.

In this study, we compared the predictive power of AM
with those of hs-CRP and adiponectin. Our findings showed
that neither hs-CRP nor adiponectin was an independent

Table 4 - Predictors of future CV events by univariate and multivariate Cox regression analysis

Hazard ratio (95% CI) P
Univariate analysis
Age, 10 years 1.34 (0.88-2.04) 0.174
Sex, male 1.13 (0.50-2.56) 0.772
Body mass index, 1kg/m? 0.97 (0.88-1.07) 0523
Hypertension, yes 2.02 (0.61-6.71) 0.249
Diabetes mellitus, yes 1.90 (0.89-4.06) 0.097
Hyperlipidemia, yes 1.00 (0.47-2.11) 0.993
Smoking (current or past), yes 1.65 (0.63-4.33) ; 0313
Previous coronary artery disease, yes 2.90 (1.31-6.43) 0.009
Systolic blood pressure, 10 mmHg 1.03 (0.83-1.27) 0.799
Diastolic blood pressure, 10 mmHg 0.90 (0.65-1.24) 0.509
Heart rate, 5 beats/min 1.02 (0.83-1.27) 0.828
Fasting plasma glucose, 10 mg/dL 1.07 (0.97-1.19) 0.196
Hemoglobin Alc, 1% 1.14 (0.96-1.36) 0.126
Total cholesterol, 10 mg/dL 0.90 (0.80-1.02) 0.102
Triglycerides, 10 mg/dL 1.00 (0.94-1.07) s 0.960
HDL cholesterol, 5 mg/dL 1.02 (0.80-1.16) 0.769
Creatinine clearance, 10 mL/min 0.80 (0.70-0,93) 0.003
AM, 1 fmol/mL 1.13 (1.06-1.19) <0.001
Hs-CHP, 0.1 mg/dL 1.08 (1.00-1.18) 0.047
Adiponectin, 1 pg/mL 1.08 (0.99-1.16) 0.054
Multivariate analysis
Creatinine clearance, 10 mL/min 0.87 (0.76-0.99) 0.043
AM, 1 fmol/mL 1.10 (1.03-1.18) 0.004

CI: confidence interval, In the multivariate analysis using stepwise regression model, all factors that had a significant association in the
univariate analysis, i.e,, previous coronary artery disease, creatinine clearance, AM, and hs-CRP, were included as possible independent

variables,
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predictor of future CV events, in contrast to the powerful
prognostic value of AM. Several large epidemiological studies
have suggested that CRP measurement predicts the risk of
future CV events [1,31-34,36], whereas others have failed to
identify CRF as a significant independent risk factor,
especially after using multivariate analysis [28,42,44]. Hs-
CRP was one of the significant predictors of CV events in
univariate Cox regression analysis of the present study.
However, since there was a close correlation between hs-CRP
and AM levels (data not shown) and the predictive power of
hs-CRP was weaker than that of AM in univariate analysis, hs-
CPR might not become an independent predictor in multi-
variate analysis. As for adiponectin, it has been shown that
low levels of plasma adiponectin are a predictor of CV events
and mortality [4,5.9,16,37,47], but some studies reported that
adiponectin did not predict future risk of coronary artery
disease after adjusted for classical risk factors [18,35]. In
addition, recent studies revealed that high, rather than low,
adiponectin levels were associated with increased mortality
and incidence of myocardial infarction in patients with
chronic heart failure, chronic kidney disease, and stable
angina [2,13,21]. Thus, the value of adiponectin as an
independentrisk marker for CV events and mortality remains
controversial at present.

Although the exact reason behind the superiority of plasma
AM over hs-CRP and adiponectin as a predictor of CV events in
the present study remains to be elucidated, a number of
mechanisms may be involved. AM is produced in various
organs and tissues, but the main source of circulating AM is
the blood vessels (especially vascular endothelial cells) [38], in
contrast to the major sites of the production of CRP and
adiponectin. Therefore, AM may directly reflect vascular
inflammation and endothelial injury during the initiation
and development of atherosclerosis. In fact, increased plasma
levels of AM were reported to be associated with the
progression of atherosclerotic lesions [7,40). Furthermore,
since several studies have shown that ischemic and hypoxic
conditions stimulate the production and secretion of AM
[26,43,46), it is possible that the increase in baseline AM might
be induced by silent cerebral or cardiac ischemia before attack.
Plasma AM has also been shown to increase in response to left
ventricular systolic and diastolic dysfunction [23,2545],
suggesting the possibility that baseline AM in our subjects
could detect latent cardiac disorders. Therefore, as AM
comprehensively reflects vascular inflammation and injury,
atherosclerotic change, systemic and myocardial ischemia,
and cardiac dysfunction, plasma AM might become a sensitive
marker of future CV disease.

There were some limitations in the present study. The
sample size of our subjects was small to evaluate the
predictive power of AM discretely for cerebrovascular,
coronary, and heart failure events. In addition, the prognostic
value of AM for all-cause and CV death could not be
investigated. As another limitation of this study, we did not
consider the influence of medication during follow-up on the
occurrence of CV disease. Therefore, the use of statin, aspirin,
renin angiotensin system inhibitors, and f-blockers and the
alteration of dosage of these drugs after the initial assessment
might bias the outcome of the present study. Furthermore, we
did not examine the change of plasma AM levels during

follow-up periods. Itis possible that the prognostic potential of
AM may be raised by serially evaluating its plasma level in
high-risk patients.

In conclusion, the present findings indicate that plasma AM
is a powerful independent predictor of future CV events in
patients with multiple CV risk factors, and suggest that its
prognostic value is superior to that of hs-CRP or adiponectin,
However, further investigations using larger population of
high-risk patients will be required to establish the usefulness
of AM as a novel predictive marker for CV diseases.

Acknowledgments

This study was supported by the Program for Promotion of
Fundamental Studies in Health Sciences of the Pharmaceu-
ticals and Medical Devices Agency (PMDA). The authors thank
Yoko Saito for her technical assistance.

REFERENCES

[1] Best LG, Zhang Y, Lee ET, Yeh JL, Cowan L, Palmieri V, et al.
C-reactive protein as a predictor of cardiovascular risk in a
population with a high prevalence of diabetes: the Strong
Heart Study. Circulation 2005;112:1289-95.

[2] Cavusoglu E, Ruwende C, Chopra V, Yanamadala 5, Eng C,
Clark LT, et al. Adiponectin is an independent predictor of
all-cause mortality, cardiac mortality, and myocardial
infarction in patients presenting with chest pain. Eur Heart
] 2006,27:2300-9.

|3] Cockcroft DW, Gault MH. Prediction of creatinine clearance
from serum creatinine. Nephron 1976,16:31-41.

[4] Efstathiou SP, Tsioulos DI, Tsiakou AG, Gratsias YE, Pefanis
AV, Mountokalakis TD. Plasma adiponectin levels and five-
year survival after first-ever ischemic stroke. Stroke
2005;36:1915-9,

[5] Frystyk J, Berne C, Berglund L, Jensevik K, Flyvhjerg A,
Zethelius B. Serum adiponectin is a predictor of
coronary heart disease: a population-based 10-year follow-
up study in elderly men. ] Clin Endocrinol Metab
2007,92:571-6.

[6] Hario T, Nishikimi T, Yoshihara F, Nagaya N, Matsuo H,
Takishita S, et al. Production and secretion of
adrenomedullin in cultured rat cardiac myocytes
and nonmyocytes: stimulation by interleukin-1f and
tumor necrosis factor-a. Endocrinology 1998;139:

4576-80.

|7] Hosomi N, Ohyama H, Takahashi T, Shinomiya K, Naya T,

Ban CR, et al. Plasma adrenomedullin and carotd

atherosclerosis in atherothrombotic ischemic stroke. |

Hypertens 2004;22;1945-51.

Ishimitsu T, Nishikimi T, Saito Y, Kitamura K, Eto T,

Kangawa K, et al. Plasma levels of adrenomedullin, a newly

identified hypotensive peptide, in patients with

hypertension and renal failure. ) Clin Invest 1994;94:

2158-61.

[9] Iwashima Y, Horio T, Kumada M, Suzuki Y, Kihara §, Rakugi
H, et al. Adiponectin and renal function, and implication as
a risk of cardiovascular disease. Am J Cardiol 2006;98:
1603-8,

[10] Iwashima ¥, Horio T, Suzuki Y, Kihara 5, Rakugi H,
Kangawa K, et al. Adiponectin and inflammatory markers
in peripheral arterial occlusive disease. Atherosclerosis
2006;188:384-90.

I8

—426—



604 PEPTIDES 29 (2008) 559-605

[11] Jougasaki M, Wei CM, McKinley LJ, Burnett Jr |C. Elevation
of circulating and ventricular adrenomedullin in human
congestive heart failure. Circulation 1995,92:286-9,

[12] Katayama T, Nakashima H, Furudono S, Honda Y, Suzuki 5,
‘Yano K. Evaluation of neurchumoral activation
(adrenomedullin, BNP, catecholamines, ete)) in patients
with acute myocardial infarction. Intern Med 2004;43:
1015-22.

[13] Kistorp C, Faber J, Galatius 8, Gustafsson F, Frystyk J,
Flyvbjerg A, et al. Plasma adiponectin, body mass index,
and mortality in patients with chronic heart failure.
Circulation 2005;112:1756-62.

[14] Kitamura K, Kangawa K, Kawamoro M, Ichiki Y, Nakamura_

S, Matsuo H, et al. Adrenomedullin: a novel hypotensive
peptide isolated from human pheochromocytoma.
Biochem Biophys Res Commun 1993;192:553-60.

[15] Kobayashi K, Kitamura K, Hirayama N, Date H, Kashiwagi
T, Ikushima 1, et al. Increased plasma adrenomedullin in
acute myocardial infarction. Am Heart | 1996;131:676-80.

[16] Koenig W, Khuseyinova N, Baumert J, Meisinger C, Lowel H.
Serum concentrations of adiponectin and risk of type 2
diabetes mellitus and coronary heart disease in apparently
healthy middle-aged men: results from the 18-year follow-
up of a large cohort from southern Germany. ] Am Coll
Cardiol 2006;48:1369-77.

[17] Kohno M, Hanehira T, Kano H, Horio T, Yokokawa K, Tkeda
M, et al Plasma adrenomedullin concentrations in
essential hypertension. Hypertension 1996;27:102-7.

[18] Lawlor DA, Davey Smith G, Ebrahim 5, Thompson C, Sattar
N. Plasma adiponectin levels are associated with insulin
resistance, but do not predict future risk of coronary heart
disease in women. ] Clin Endocrinol Metab 2005;90:5677-83.

|19] Libby P, Ridker PM, Maseri A. Inflammation and
atherosclerosis. Circulation 2002;105:1135-43.

[20) McFarlane Si, Banerji M, Sowers JR. Insulin resistance and
cardiovascular disease. J Clin Endocrinol Metab
2001,86:713-8.

[21] Menon V, Li L, Wang X, Greene T, Balakrishnan V, Madero
M, et al. Adiponectin and mortality in patients with chronic
kidney disease. ] Am Soc Nephrol 2006;17:2599-606.

[22] Miyao Y, Nishikimi T, Goto Y, Miyazaki 5, Daikoku S, Morii
1, et al. Increased plasma adrenomedullin levels in patients
with acute myocardial infarction in proportion to the
clinical severity. Heart 1998;79:39-44.

[23] Nagaya N, Nishikimi T, Uematsu M, Yoshitomi Y, Miyac Y,
Miyazaki S, et al. Plasma adrenomedullin as an indicator of
prognosis after acute myocardial infarction. Heart
1999:81:483-7,

[24] Nishikimi T, Horio T, Kohmoto ¥, Yoshihara F, Nagaya N,
Inenaga T. et al. Molecular forms of plasma and urinary
adrenomedullin in normal, essential hypertension and
chronic renal failure. ) Hypertens 2001;19:765-73.

[25) Nishikimi T, Saito Y, Kitamura K, Ishimitsu T, Eto T,
Kangawa K, et al. Increased plasma levels of
adrenomedullin in patients with heart failure. ] Am Coll
Cardiol 1995;26:1424-31.

[26) Ogita T, Hashimoto E, Yamasaki M, Nakaoka T, Matsuoka R,
Kira Y, et al. Hypoxic induction of adrenomedullin in
cultured human umbilical vein endothelial cells. |
Hypertens 2001;19:603-8.

[27] Ohta H, Tsuji T, Asai S, Tanizaki S, Sasakura K, Teraoka H,
et al. A simple immunoradiometric assay for measuring the
entire molecules of adrenomedullin in human plasma. Clin
Chim Acta 199328713143,

(28] Pirro M, Bergeron J, Dagenais GR, Bernard PM, Cantin B,
Despres JP, et al. Age and duration of follow-up as
modulators of the risk for ischemic heart disease
associated with high plasma C-reactive protein levels in
men. Arch Intern Med 2001;161:2474-80.

[29] Pousset F, Masson F, Chavirovskaia O, Isnard R, Carayon A,
Golmard JL, et al. Plasma adrenomedullin, a new
independent predictor of prognosis in patients with
chronic heart failure. Eur Heart ] 2000;21:1009-14.

[30] Richards AM, Doughty R, Nicholls MG, MacMahon S, Sharpe
N, Murphy J, et al. Plasma N-terminal pro-brain natriuretic
peptide and adrenomedullin: prognostic utility and
prediction of benefit from carvedilol in chronic ischemic
left ventricular dysfunction. ] Am Coll Cardiol 2001;37:
1781-7.

[31] Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens
CH. Inflammation, aspirin, and the risk of cardiovascular
disease in apparently healthy men. N Engl | Med
1997,;336:973-9.

[22] Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive
protein and other markers of inflammation in the
prediction of cardiovascular disease in women. N Engl )
Med 2000;342:836-43.

|33] Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Comparison
of C-reactive protein and low-density lipoprotein
cholestero) levels in the prediction of first cardiovascular
events, N Engl ] Med 2002;347:1557-65,

[24] Rutter MK, Meigs JB, Sullivan LM, D'Agostino Sr RB, Wilson
PWF. C-reactive protein, the metabolic syndrome, and
prediction of cardiovascular events in the Framingham
Offspring Study. Circulation 2004;110:380-5.

|35] Sattar N, Wannamethee G, Sarwar N, Tchernova ], Cherry L,
Wallace AM, et al. Adiponectin and coronary heart disease:
a prospective study and meta-analysis, Circulation
2006;114:623-9.

[36] Schulze MB, Rimm EB, Li T, Rifai N, Stampfer M}, Hu FB, C-
reactive protein and incident cardiovascular events among
men with diabetes. Diabetes Care 2004;27:889-94.

|37] Schulze MB, Shai |, Rimm EB, Li T, Rifai N, Hu FB.
Adiponectin and future coronary heart disease events
among men with type 2 diabetes. Diabetes 2005,54:

534-9.

|38] Sugo S, Minamino N, Kangawa K, Miyamoto K, Kitamura K,
Sakata J, et al. Endothelial cells actively synthesize and
secrete adrenomedullin. Biochem Biophys Res Commun
1994;201:1160-6.

[39] Sugo S, Minamina N, Shoji H, Kangawa K, Kitamura K, Eto
T, et al. Production and secretion of adrenomedullin from
vascular smooth muscle cells; augmented production by
tumor necrosis factor-o. Biochem Biophys Res Commun
1994;203:719-26.

[40] Suzuki Y, Horio T, Hayashi T, Nonogi H, Kitamura K, Eto T,
et al, Plasma adrenomedullin concentration is increased in
patients with peripheral arterial occlusive disease
associated with vascular inflammation. Regul Pept
2004;118:99-104.

[41] Suzuki Y, Horio T, Nonogi H, Hayashi T, Kitamura K, Eto T,
et al. Adrenomedullin as a sensitive marker for coronary
and peripheral arterial complications in patients with
atherosclerotic risks. Peptides 2004:25:1321-6.

[42] van der Meer IM, de Maat MP, Kiliaan A), van der Kuip DA,
Hofman A, Witteman JC. The value of C-reactive protein in
cardiovascular risk prediction: the Rotterdam Study. Arch
Intern Med 2003,163:1323-8.

[43] Wang X, Yue TL, Barone FC, White RF, Clark RK, Willette
RN, et al. Discovery of adrenomedullin in rat ischemic
cortex and evidence for its role in exacerbating focal
brain ischemic damage. Proc Natl Acad Sci USA
1995;92:114804.

[44] Wilson PW, Nam BH, Pencina M, D'Agostino Sr RB,
Benjamin EJ, O'Donnell CJ. C-reactive protein and risk of
cardiovascular disease in men and women from the
Framingham Heart Study. Arch Intern Med 2005;165:
2473-8



FEPTIDES 29 (2008) $95-605 605

{45] Yoshihara F, Horio T, Nakamura S, Yoshii M, Ogata C, induced adrenomedullin secretion in cultured rat
Nakahama H, et al. Adrenomedullin reflects cardiac cardiomyocytes. Eur ] Pharmacol 2002;436:1-6.
dysfunction, excessive blood volume, and inflammation in [47] Zoccali €, Mallamaci F, Tripepi G, Benedetto FA, Cutrupi 5,
hemodialysis patients. Kidney Int 2005;68:1355-63. Parlongo S, et al. Adiponectin, metabolic risk factors, and

[46] Yoshihara F, Horio T, Nishikimi T, Matsuo H, Kangawa K. cardiovascular events among patients with end-stage renal
Possible involvement of oxidative stress in hypoxia- disease. ] Am Soc Nephrol 2002;13:134-41.

— 428 —



G Model
ATH-10511; No.of Pages6

Athiroschronns xxex (2008 | xx00 -

Caontents lists available a1 ScienceDirect

Atherosclerosis

journal homepage: www.elsevier.com/locate/atherosclerosis

Low-density lipoprotein cholesterol and non-high-density lipoprotein
cholesterol and the incidence of cardiovascular disease in an urban
Japanese cohort study: The Suita study

Tomonori Okamura®*, Yoshihiro Kokubo+, Makoto Watanabe?, Aya Higashiyama®,
Yoshihiro Miyamoto®, Yasunao Yoshimasa®, Akira Okayama*
* Department of Preventive Cardiology, National Cardiovaseular Center, 5-7- 1, Fujishiro-dai, Suirn, Osoka 565-8585, japan

" Department of Atherosclerosis and Diabetes, National Cardiovascular Center, Osaka, Japan
* The First Instirure for Health Promorion and Health Care, Japan Anri-ruberculosis Associarion, Tokyo, fapan

ARTICLE INFO

Article histary:

Received 27 May 2008

Received in revised form 20 July 2008
Accepted 21 July 2008

Available online xxx

Keywords:

Low-density lipoprotein cholesterol
Non-high-density lipoprotein cholesterol
Myocardial infarction

Stroke

Cohort studies

1. Introduction

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 population in Japan. Baseline LDL-C levels were estimated using the
Friedewald formula. The predictive values of LDL-C and non-HDLC for myocardial infarction (MI) and
stroke were compared.
Results 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 Ml was highest in the top quintile of LDL-C (HR: 3.03, 95% Cl, 1.32-6.96) when male
and female dara were combined. The HR for Ml was also highest in the top quintile of non-HDLC (HR: 2.97.
95% €1, 126-6.97). Analysis of trends showed a significant positive relationship between Ml incidence
and serum LDL-C and non-HDLC levels (both P=0.02), However, there was no relationship between 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 likelihood (-2 1n [L]) and area
under the curve (AUC), were almost similar,

© 2008 Elsevier Ireland Ltd. All rights reserved.

been shown that there is a positive relationship between the risk
of any type of stroke and high serum levels of total cholesterol (TC)

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 majority 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 author, Tel.: +81 66833 5012x2228/2188; fax: +81 6 6833 5300,
E-mail address: okamuratethsp.neve go.p (T, Okamura),

0021-9150/$ - see front matter © 2008 Elsevier Ireland Lrd. All rights reserved.
doi: 10T [ atherosclermss 2008 07020

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.
Qur 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. Populations
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,

terol and the incidence of
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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 (n=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 suryey
or lost to follow-up (n = 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.

2.2, Baseline examination

Blood samples were collected at the National Cardiovascular
Center (NCVC) after the participants had fasted for at least 12 h. The
samples were centrifuged immediately and a routine blood exami-
nation that included serum total cholesterol {TC), HDL cholesteral,
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 5min rest by well-trained physicians
using a standard mercury sphygmomanometer, The average of the
second and third measurements 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
=7.0mmol/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 obtained 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 (Ml) 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 MI 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 embalic),
intracerebral hemorrhage, subarachnoid hemorrhage or undeter-
mined type. A definite 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 M| and
stroke.

2.4. Statistical 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 (=2 In [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 (Ml) 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 + 0.82 mmol/l (124.9 + 31,7 mg/dl) in men and
3,49+ 090 mmol/l (134.8 + 349 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.

lable 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 BML. 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
lowerinthe higher LDL-C groups, whereas the proportion of current
smokers was highest in the lowest LDL-C group. The relationships
between 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 M| (41
definite and 39 probable Mis) and 139 of stoke (102 definite and 37
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Table 1
Sex-specific mean and prevalence of risk characteristics at baseline in an 11.9-year prospective study of 4654 Japanese men and women
LB cholesterol quinties Q1 Q Q3 o4 Qs Povalues
Men
Numbers 4497 435 427 438 422
LDL cholesterol ( Stratum Mean ), mmaoi/i 213 280 12 166 4.40
Age, year 540(12.7) 538(126) 525(124) 547120 S56(1L0) 0.005
Non-HDL cholesterol, mmal/l 2.84(0.52) 344(039) 187 (034) 431(032) 5.13 [0.56] <0001
HOL cholesterol. mmaol/l 1.33(0.39) 1,29 (0.36) 129(032) 126 (030) 121 (0.28) <0001
BML kg/m* 221{29) 226(28) 229{2.8} 232(26) 234(2.7) <0.001
Hypertension, T 295 274 104 33 136 0364
Diabetes. T Bl 456 44 48 59 o091
Drinking
Usual/ex-fnever-, % 81.9/2.7/15.4 78.2/2.8/19.1 79.6/1.6/18.7 712/5.3/23) 70.4/4.7/249 <0.001
Smoking
Current fex-[never-. % 59.3/25.5/15.2 554/269/17.7 46.6/31.1/222 46.6/31.1/224 48.1/31L8/201 002
Women
Numbiers 524 498 513 498 492
LOL cholesterol ( Stratum Mean), mmaol/l 233 293 344 392 482
Age, year 45.5(114) 4949(1149) 527 (113) 563 (10.6) 57.8(9.1) <001
Non-HOL chalesterol, mmaol/l 277(042) 147(032) 1.96(031) 450(032) 5.46 (0.71) <0.001
HOL cholesterol, mmol/l 1.54(0.36) 149(036) 148 (0.35) 145(0.33) 140(0.31) <0.001
HMI, kg/m? 210027 hst3a 223(33) N6{12) 232(3.3] <0,001
Hypertension, & 128 193 234 299 TR <0001
Diabetes, ¥ LS 28 3 4.0 47 0.050
Drnking
Usualjex-{never-, % 418/2.3/559 36.5/1.0/62.4 32.7/1.4/659 28.3/1.8/699 29.1/16/69.3 0,001
Smoking
Currentjex-jnever-, X 16.4/4.6/79.0 127/3.8/835 9.6/2.1/883 08/34/857 N6i3.7/84.8 oms

HOL means high-density lipoprotemn. LDL means low-density lhipoprotein, 5.0, means standard deviations, Brackets indicate standand deviation: Analysis of varamoe was ased
tor comparisons of multiple group means and the Chi-square test was used to compare frequencies,

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 Ml 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

Table 2
The bers of cases and
prospective study of 4694 Japanese men and women

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% C1
1.25-11.1 for men: HR 1.78; 95% Cl 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

d Hits and 95% C1Ls for myocardial infarction and cerebiral infarction according to serum LOL cholesterol level inan 11.9-year

LDL cholesterol quintiles  LDL-C range (mmolfl]  No.of persons  Persan-years

Myocardial infarction Cerebral infarction

No.of events  HR' Q5% C.1L No.ofevents  HR' 95% C.IL
Men
Q <254 447 5129 4 1.00 14 1.00
Qz 254-3.03 435 5122 15 356 118, 108 9 061 026, 1.42
Qi 3.04-3.43 a7 4945 9 260 0.80, 85 15 13 063,272
Q4 3.44-390 438 5201 10 225 0.70. 72 13 090 042,194
Qs 391- 422 5023 18 R ] 125,111 3 042 0.16. 110
Plortrend  0.08 Pfortrend 022
‘Women
QreQ2" 4 1022 12473 & 1.00 7 100
QI+04" 322422 101 12279 5 0.45 014, 1.49 1 082 031215
Qs 4.2 492 6,023 13 178 066.477 10 113 042,3.02
Plortrend 0.4 Pfortrend 088
Men and women combined
Q1 an 11,548 7 1.00 19 1.00
Q2 933 11176 18 237 0497, 5.61 n 053 0.25. 112
Q3 940 11,102 1 157 061,408 18 0.95 0.49, 182
o4 9316 1,323 13 140 056,355 21 084 0.44, 1.59
Qs 914 11,046 3 1.01 132,696 16 063 0.32,1.24
Pfortrend (0.02 Pfortrend 047

LDL means low-density ipoprotein.

* HR means hazard ratio and 95X CI. means 95% confidence interval. The HR was adjusted for age, body mass index, 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 due to small number of cardiovascular event. The cut-off points were 2.73 between Q1 and Q2, and 368 between 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-HOL 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 Infarction
range (mmolf}) No.ofevents  HR" 95%CL  No.ofevents HR* BECL
Men
Qi1 <318 445 5123 6 1.00 n 1.00
Q2 3.18-3.68 450 5195 14 234 089,616 13 121 054.273
Qa3 3.69-4.12 426 5077 7 121 040,364 12 126 054,291
Q4 4.13-4.63 428 5,041 10 1.49 053,416 1 087 0.41.231
Qs 464 420 4982 19 261 100,680 10 0.98 0.40,2.40
Pfortrend 0.2 Pfortrend 079
Women
Q1+Q2" <3,70 1043 12,821 4 100 T 100
Q3+04" 3.71-4.87 1010 12205 ? 0.76 021,272 1 067
Qs 4.88 472 5,750 13 177 050,625 10 0.80
Pfortrend 010 P for trend
Men and women combined
Q1 998 11,931 7 1.00 15 1.00
Q2 940 11.208 17 235 097,569 16 103 050,210
Q3 ; 47 11,412 n 138 053,360 14 083 040,176
Q4 0217 10911 13 140 055,357 20 1.03 0.51,2.06
Qs 892 10.732 2 297 126,697 20 093 048,203
Pfortrend 002 Pfortrend D96

HDL means high-density lipoprotein.

4 MR means hazard ratio and 95% C1. means 95% confidence interval. The HR was adjusted for age, body mass index, hyperiension. diabetes, HOL 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.
t These groups were combined due 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), A similar 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 tatal 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% C| 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% Cl 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 Mls (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 associated with non-HDLC level (data not shown in the
table).

To determine the predictive values of LDL-C and non-HDLC, the
difference between the -2 In [L] of model including each lipid and
the ~2 In [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. Furthermare,
the AUC of the ROC curves based on predictive probability targeting
for Ml 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% C1, 1.07-1.61] and 1.25 [95% CI, 1.07-1.47],
respectively, Furthermore, the x? values between the —-21n (L)

of each lipid added model and non-added model for LDL-C/HDL-
€ and non-HDLC/HDL-C were almost the same at 7.324 (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, 99 mg/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.
Furthermaore, 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
is also a 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
largeclinical trialin 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 total cholesterol concentration of all
atherogenic 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 B% 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, non-
HDLC may be the more convenient indicator to use for primary
prevention in the community. 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 for risk 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
MI for women was about one third of men [ 23]. In the present study,
incidence of Ml for women was only 0.78 per 1000 person-years.
Because most Ml cases (22 of 24) were post-menopausal women,
the low incidence of Ml 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
between TC and stroke in Japan |9.24,25), we found no association
between LDL-C or non-HDLC levels and stroke events. A large 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 paositive
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 levels.

The lack of a relationship between TC and ischemic stroke in
Japanese studies may be due to a lower prevalence of thrombotic
type cortical infarctions (large-artery occlusive) than in Western
populations [ 28], a condition that is associated with atherosclerosis
secondary to hypercholesterolemia. Furthermore, the Atheroscle-
rosis Risk in Communities (ARIC) Study also indicated that 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 LDL-C or non-HDLC on
ischemic 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 control 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 M1l morality in Japanese
people was still lower than in Westerners |9- 12 |. However, recently,
there were evidences that serum levels of TC and LDL-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 Ml 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 that, 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 nat 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 (>400 mg/dl) may reduce
the predictive potential of non-HDLC. Finally, the relationship
between 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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