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ABSTRACT
Impacts of body mass index on risks for all-cause mortality and cardiovascular disease

in elderly Japanese people.
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We examined the impacts of body mass index (BMI, kg/m’) on risks for all-cause mortality and cardiovascular discase
(CVD) in elderly Japanese people. A total of 4,745 men and 7,262 women aged 65 years or older without a history of CVD
(stroke or myocardial infarction (MI)) were enrolled and were followed through 2007 (mean, 2.7 years). Multivariate hazard
ratios (HRs) and their 95% confidence intervals (Cls) for all-cause mortality and CVD incidence were calculated by groups
according to BMI categories (<18.5, 18.5 - 22.9, 23.0 - 24.9 (reference), 25.0 - 27.4, 27.5 - 29.9, 230.0) using Cox's regression
models with adjustments for known cardiovascular risk factors. During the follow-up period, 275 deaths and 239 cases of
incident CVD (210 strokes and 30 Mls) were recorded. Compared with persons with a BMI of 23.0 - 24.9, significantly higher
risks for all-cause mortality were observed in men with a BMI less than 18.5 (HR (95% CI): 2.04 (1.04 - 3.98)) and in women
with a BMI of 30 or more (3.12 (1.58 - 6.15)). However, the risk for all-cause mortality was not high in men with a BMI less
than 18.5 after excluding smokers (0.78 (0.10 - 6.11)). Men with BMIs of 18.5 - 22.9, 27.5 - 29.9 and 30 or more had higher
risks for incident CVD with marginal significance (HRs: 1.56 (p = 0.064), 1.86 (p = 0.067) and 2.34 (p = 0.084)). Among elderly
people, lean male smokers and obese females have higher risks for all-cause mortality and obese males have a higher risk for
CVD. Obesity is an important risk factor for death and for CVD incidence even in elderly Japanese people.
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— IS {ERIC 6|13 HEFHIZE (IWATE-KENCO study)

Chronic kidney disease is associated with increased serum C-reactive
protein level ; A cross-sectional study of the general population (IWATE -
KENCO study)
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HEBGFRIX, #BGFR(mL/%/1.73m%) =194 x
Cr ' x Age " (ZHIX X 512x0739) OHEH %
MoeTRHL2ZY. F7, HHGFRAY60mL/ 4> /1.73
m* KO b DEFCKD &gk L 7.

HERGFR & SR JECRPE & OB IZ OV TIE,
W, B R (HbA L 2 6.5% F 72 13 72 B0 I B = 200
mg/dL), @St CEHDEERIE = 140mmHg £ 72
PR N T = 90mmBg F 723 BEE RN,
SIRIE B2 L A5 0 — L 2240mmHg ¥ 72130/
M ERINNRD B X O (BMIT = 25) % IR 1-& L7z
MLk 2 W CTE LRI 2 17572, CKD & s
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PE20.64mg/dLTH Y, WHEDIT ) 29 EL
72 (p<0.0001). H#HGFRO ¥ 4K T756mL/
Sy /173me, BT T76.1mL/ 45/ 1.73m¢, KPR TTT5.4
mL/ %/ 1.73m" & Wk TA RIS w0 - 72 (p<0.0001).
ML E I CRP M O gL ifi 12 21K T040mg /L, HE
T050mg/L, ZMET040mg/LTHH, BHTAHEI
557 72 (p<0.0001).
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F1 WREOBLFIBKIGEDOLE
EX Bt LT
A (R) 620+114 638114 610116
U B U (mmHg) 1270+195 1306+ 195 125.1+20.2
LR ER LA (mmHg) 752+11.1 782%11.1 736%=11.1
Body Mass Index (kg/m?) 240+3.0 239+30 24.0+34
HbA« (%) 512+0.73 514+0.73 510+063
%2 L7 9= f (mg/dL) 0.70+0.20 0.83+0.20 0.64£0.13
eGFR (mL/%+/1.73m?) 756+ 158 76.1+158 754+153
¥ L A5 O — Vi (mg/dL) 2002+ 325 191.1+325 204.9 +324
HDL = L A 7t — Ui (mg/dL) 594+ 152 559+ 15.2 61.3+ 144
s RIS (mg/dL) 116.7 £ 839 1253839 1122 %669
I3 5 & BE CRPA# (mg/L) * 0.40(0.20~ 0.90) 0.50(0.30~ 1.00) 0.40(0.20~0.80)
BRI (%) 52 76 40
I (%) 410 458 385
5 PR ILEE (%) 157 9.3 190
RE3 (%) 358 34.3 365
HB2AE (%) 126 309 29
CKD(%) 137 137 12.1
V¥l £ SD. *Hr R (25 ~75% & £ IV {E)
T6.9%, 65 LA L75m Kl T15.8%, 75 Ll LT
[
98.3% L BRI TR { B o 7. CRRAmGIL) B OKD (+) |
B2, CKD O T4 7= ik i BB CRP Al o o o o<o000r LS
REDOFEERT. BREDIZ, CKDEAHT 1397, **1 p<oooor ~ TR0
CKD 757 W & Fol L C I i 7 & BE CRP A ) vh gl 051 i
DA BN Ao 72 (p<0.0001). I i ¥ & O CRP 0.4
EokYfiiE, CKDZAET 5B T0.60mg/L(n= 0.3
1.226), A& 2WHMT050mg/L(n=7,732), CKD 02-

AT 5 MT050mg/L(n=2054), &S hwih
T040mg/L(n=14783) Th-~7:. &k TiL, CKD#%
A 5 BEO M & ECRPE o H 913 050mg/L
(n=22515), A &% Wk T040mg/L(n=3280) T
Ho 7z, FHEEE % A kR G R o M & & EE CRP i
O, 65 AN T040mg/L, 65 Ll 75K
i T050mg/L, 75 Lh L T060mg/L & 4 #iAtdH At
Aizoh LA L.

HEGFR LW, BIRM, \ie, =PEmE, K
WP L CIEERECRPHE L OB#ICOWT, B
FEEHCI-LERBHOMREER 2 10RT. #H
GFR L #&s, SILE, B omiZix, AoHHEs
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® 2 HAGFRUBFKIEROBMZ(SERBHEOBI )

it i
Standardized § Standardized £ pfé
AF- iy (%) -0.388 <0.0001 -0.393 < 0.0001
Bl BR % 0.031 < 0.005 0.038 <0.0001
T —-0.028 <0.05 -0.024 < 0.0001
5 5 1 AE 0.057 < 0.0001 0.045 < 0.0001
ikt -0.074 < 0.0001 -0031 <0.0001
log CRP{& ~0.025 <0.02 -0.021 < 0.0001

LAEDOHMEAERD bz,
CKDERHMER(HI T I =) ETDHUTAT 4y
sl E RIS ERBITOKRER I IIRT. &
HWTHB ECKDIZER, S, miEmaE, B,
fi SR CRPE & A EICIE T 5 2 AT L /2.
BRMIZOWTI}, B LAELMENLED %
otz BEIZo>0TiE, BHETECKDDOER &
M2 EH D, I TRFORENES TR
ol

O %=
HEOHRYET, I - kOB L%
EDLERBEICBITACKDIE, FOLOEBOE
I hb ST L PRMENFTHE L
PHSEMIZIRTEY, 20066 AHADO 2B W
T, GFREBBET7TALTI VRO 2HEA 2 ) —=
Y7L, B0 A 7 EBY A ARSI R
TwaAY, bAEO—#KEAERIZBEWTHCKD
PO MERBOMY L GREFTHE I EHFRE
nTWwa?Y, /0%, CKDORERFICERILA
LA, @A R VlE, TR VF-KFOERT
RIET VT I VME, RiEREEOBENER SR
Tw59 4@, bhbhid—RERICIBITA
CKD & 8 h REERBE T 2 b b MIETRBECRPE &
OEEZ LI T 5 HWCTARBMAZIT- 72,
AR BT 5 MEBRECRPEOFRAHEIL, K
RAENHE LIMEY P B L CRETH 7.
i B EECRPIEAHEIZ >V T, BkizBnT

F£3 CKDOHER-BBEERE-OME(STENT X

T v 7 ElRa#)
5

*o A 95% (S HEIX M pfé
iRk 1078 1.074~1.083 < 0.0001
B AR 75 0823 0.699~0.970 <005
# T 1.248 1.152~1.351 < 0.0001
4 I i 1.290 1.170~1423 < 0.0001
A% 1.184 1.093 ~ 1.283 < 0.0001
log CRP{#i 1.251 1.157~1.354 < 00001

v X 95%EHEIXH pi
R () 1.088 1080~ 1.097 < 0.0001
BRI 0.845 0669~ 1.067 ns
5 ML 1.261 1.107 ~1.435 < (.0001
5 B LA 1710 1.402~2.085 < 0.0001
R 3 1.447 1.267~1.652 < 00001
log CRP1# 1.238 1.093~1.097 <0002

otk

Fv Xl 5%IEHEX M pfE
W () 1075 1.069~1.081 <0.0001
FEPR 94 0.805 0639~1.015 ns
BT 1.255 1.134~1.389 <0.0001
55 MR ML 1.184 1057 ~1.327 <0.005
I i 1.064 09611177 ns
log CRP{# 1.275 1.151~1412 < (0.0001
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HHBGFRZ HRER L LBERIFICE VT,
FR9E & B IR IMAEA B GFR & OMicE LA IE04HM
ZED EICOWTIE, BRI SR MLAE O 3
DB T, GFRYPLET LI L LEMELTwEER
bihd., ABFEIZB T 5 BRIBEE OTHHbAE
7 % BWEE (R TH Y, oS
AEFTHLDEEZ L. F/2, CKDOHEIZHS
TAHRFELT, BV RAT 4 v 7 BRI TREKRREIE
Bk RS b/, TOHBELTYH,
ZOBREOBERBOFAEDEG LT A NS
Abhb.

AFFRORER L —H LT, Lee 5B EOHHHER
WBWTHERE L SMAE 2B LSS, MmiECRP
EAEVETIRAYI Ry 72 vy Fa— LA 04 %I
PHbOTFCKDOBBENFHEIIREHEL T
57, AWRTIE, BEREOHEGVEVHTT O #
WIEBERZNRELTEY, HERBEBLELAET
LENS W0, TORRBEREERNTLIZ LR
, LLARERTL LTEERMRT 2 To722%, &
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7-.
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Plasma B-Type Natriuretic Peptide Level and
Cardiovascular Events in Chronic Kidney Disease
in a Community-Based Population

Masafumi Sakuma, MD; Motoyuki Nakamura, MD; Fumitaka Tanaka, MD;
Toshiyuki Onoda, MD*; Kazuyoshi Itai, PhD*; Kozo Tanno, MD*; Masaki Ohsawa, MD*;
Kiyomi Sakata, MD*; Yuki Yoshida, MD**; Kazuko Kawamura, MS¥;

Shinji Makita, MD; Akira Okayama, MD'*

Background: Plasma B-type natriuretic peptide (BNP) levels are confounded by renal dysfunction, so this study
examined whether plasma BNP might be a reliable biomarker of the onset of cardiovascular (CV) events in a
population-based cohort with impaired renal function.

Methods and Results: Baseline data, including plasma BNP, serum creatinine, and urinary protein levels, were
determined in participants from a community-based population. Estimated glomerular filtration rate (eGFR) was
calculated, and chronic kidney disease (CKD) was defined as either: eGFR <60 ml-min-'-1.73m-2 and/or proteinuria
(CKD definition-1) or GFR <60 ml-min-'-1.73m-2 (CKD definition-2). The CV endpoint was surveyed prospectively.
The cohorts were followed for 5,275 person-years for CKD definition-1, and for 4,350 person-years for CKD defini-
tion-2. The CV event-free survival rate in the highest BNP quartile in either CKD definition was the lowest among
the quartile groups (P<0.001). In multivariate Cox regression models adjusted by traditional CV risk factors and
atrial fibrillation, relative risk (RR) for CV events was significantly higher in the highest BNP quartile compared
with the lowest BNP quartile (CKD definition-1, RR 3.51, P<0.01: CKD definition-2, RR 4.67, both P<0.01).

Conclusions: Plasma BNP level provides strong predictive information about the future onset of CV events in
CKD subjects selected from the general population. (Circ J 2010; 74: 792-797)

Key Words: General population; Heart failure; Renal failure; Stroke

ORIGINAL ARTICLE
Renal Disease

glomerular filtration rate (GFR) and/or proteinuria,

increases the risk of cardiovascular (CV) disease
and endstage renal disease.! In population-based studies, the
prevalence of CKD has been shown to be 7% in persons aged
more than 30 years and to be increased 23-36% in persons
aged more than 65 years.® The trend in the prevalence of
CKD has been speculated to increase over time in line with
the recent increasing prevalence of diabetes, obesity, and
hypertension.® Several reports have emphasized that early
identification and treatment of CKD are necessary to prevent
serious outcomes in this disorder.'* However, considering
the large number of persons with CKD in the general popu-
lation, it may not be easy to provide pharmacological and
non-pharmacological interventions for all stages of CKD. In
view of these limitations, it may be practical to select CKD
subjects at relatively high risk for CV diseases from the
general population, and then provide treatment to prevent

C hronic kidney disease (CKD), defined as reduced

their onset. However, there are no established markers to
stratify CV risk in CKD subjects with mild renal dysfunction,
such as stage 3 CKD, in the mass screening setting.

Editorial p 632

Natriuretic peptide family proteins, including B-type natri-
uretic peptide (BNP) and its N-terminal fragment (NT-pro
BNP), are released from the heart in response to increased
intracardiac pressure, cardiac pump dysfunction, hyperten-
sive ventricular hypertrophy, and myocardial ischemia. In
community-based studies, increased circulating levels of
BNP and NT-pro BNP have been reported to relate to a high
risk of CV events and mortality.>¢ The high prevalence of
CV events in the group with elevated plasma levels of BNP
and NT-proBNP is believed related to the high prevalence
of subclinical heart disease. However, plasma concentrations
of BNP and NT-proBNP increase as GFR declines in patients
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with and without apparent cardiac disorders.”® In view of
these facts, it is unclear whether plasma BNP levels would be
a reliable biomarker for predicting CV events in the ¢ohort
of CKD selected from a community-based population.

CKD is usually defined by 2 biomarkers of renal function:
urinary protein and reduced GFR. Several community-based
studies have applied only the latter definition.”-'" However,
it is uncertain whether these biomarkers (GFR and urinary
protein) provide complementary or overlapping information
for CV risk. Cirillo et al reported that the use of only 1 of the
biomarkers underscores the potential to misclassify patients
as having or lacking CKD, thus misinterpreting the CV risk.!2
Therefore, the present study used 2 definitions of CKD to
examine whether plasma BNP might be a reliable biomarker
for predicting onset of CV diseases in a CKD cohort selected
from a community-based general population.

Methods

Study Population

The original cohort of the Iwate-KENCO study was recrujted
from a community-based population living in Ninohe, Kuji,
and Miyako districts of northern Iwate prefecture, Japan.
The details of the recruitment and measurements of the
cohort were shown in previous reports.'*!# The total number
of participants who agreed to join the Iwate-KENCO study
in the 3 districts was 26,469 (original cohort). Of the original
cohort living in Ninohe and Kuji districts (n=15,927), 15,394
subjects (97%) had BNP measurements (BNP cohort: men
5,288; women 10,106).

Subjects were excluded from the present analysis for
the following reasons: age under 40 (n=575); history of CV
events, such as myocardial infarction, stroke or heart failure
(n=507); missing data of serum creatinine level (n=28), body
mass index (n=47), ECG tracing (n=717), or blood pressure
(n=4); estimated GFR <30ml-min~'"-1.73m™* (n=28). The
final statistical analysis included 13,526 subjects (men 4,542;
women 8,984). The study protocol was approved by the
university ethics committee and local institutional review
committees. All participants gave written informed consent,

Definition of CKD

The eGFR was calculated using an equation from the Modifi-
cation Diet in Renal Disease Study (MDRD) for the Japanese
population.!'® A urine sample was obtained during a multi-
phase health examination and urinary protein was semi-quan-
titatively determined using a dipstick test (Uropaper alpha II,
Eiken): proteinuria was defined as trace or more. CKD was
defined in the present study in 2 ways: (1) eGFR <60 ml-min-
1.73m"? and/or proteinuria (CKD definition-1); (2) eGFR
<60ml-min~!-1.73 m? (CKD definition-2).

Measurements

Blood samples were drawn from a peripheral vein whilc the
subject was seated. When blood samples for routine blood
testing were being taken, an additional 2ml was collected
into a test tube containing EDTA-2Na for plasma BNP mea-
surement. Tubes were stored immediately in an icebox after
sampling and transported to the laboratory each afternoon
where they were centrifuged at 1,500 g for 10min. After sepa-
ration, plasma samples were stored frozen at —20°C until
transportation to the Shionogi central laboratory for assaying
(Osaka, Japan). Plasma BNP levels were measured by direct
radioimmunoassay using monoclonal antibodies specific for
human BNP (Shiono RIA BNP kit, Shionogi). Cross-reac-

tivity of the antibody was 100% for human BNP and 0.001%
for human atrial natriuretic peptide. Intra- and interassay coef-
ficients of variation were 5% and 6%, respectively. Serum
creatinine level was determined by an enzymatic method
using an auto-analyzer (Hitachi 7700).

All subjects used a self-reported questionnaire to confirm
their medical history, including status (yes/no) of prescribed
drugs for hypertension, diabetes, hypercholesterolemia, stroke,
angina, heart failure and myocardial infarction. Smoking
status (current, past smoker or non-smoker) was also assessed
by questionnaire.

Risk Factor Definitions

Systemic blood pressure was measured by experienced tech-
nicians. All subjects were seated for at least 5min before
measurement using an automatic device (BP-103i 1I, model
513000, Nippon Colin). Measurement was performed twice,
with the mean value used for statistical analysis. Hyper-
tension was defined as systolic blood pressure >140mmHg
and/or diastolic blood pressure 290 mmHg and/or the use of
antihypertensive medication. Body mass index was cal-
culated as weight (kg) divided by the square of height (m?).
Diabetes was ascertained by non-fasting glucose concentra-
tion 2200 mg/dl and/or hemoglobin Ajc value >6.5% and/or
use of antidiabetic agents including insulin. Hypercholes-
terolemia was defined as a serum concentration 2240 mg/dl
and/or the use of antilipidemic medications.

Outcome

A follow-up survey assessing mortality, migration, and the
incidence of heart failure, acute myocardial infarction and
sudden death, and stroke was carried out after the baseline
study. All deaths and migrations were confirmed by the offi-
cial resident registration data issued by the local government
offices.

Admission cases of heart failure in the cohort were
checked by the regional registration survey data, which
records primary hospital discharge diagnoses in the study
area. The cases ol heart failure were objectively defined by
the Framingham criteria.'® Details of this register have been
described previously.!” The event of non-sudden fatal myo-
cardial infarction was also based on hospital registration
survey data. The diagnosis of acute myocardial infarction
was based on the Monica study criteria.'" Sudden cardiac
death within 1h of the onset of acute illness was examined
using death records and then checked against medical records
of the hospitals within the survey areas. Stroke regisiry was
used for the outcome study. ! Stroke was defined as a sudden
onset of focal neurological deficit >24h duration and con-
firmed by brain computed tomography or magnetic resonance
imaging.

Statistical Analysis

Continuous variables are shown as mean+SD. CKD sub-
Jects were divided into quartiles according to their baseline
plasma BNP levels. To compare results among quartiles,
ANOVA or chi-square test was used as appropriate. Survival
from eniry into the study was estimated using the Kaplan-
Meier method, followed by a trend test (log rank). The asso-
ciation between baseline plasma BNP levels and endpoint
CV diseases (new onset of heart failure, acute myocardial
infarction/sudden cardiac death, and stroke) was evaluated.
Using a Cox proportional hazards regression model, hazard
ratios (HR) for plasma BNP with CV events were assessed.
In this multivariable proportional-hazards regression model,

Circulation Journal Vol.74, April 2010

— 186 —



SAKUMA M et al.

794

S&EMVJdadch .kewnl.
" T gg% E58332¢° s=gis
o5 S8 520 5¢ S, aEE
528 8= 0 g &L § o .= & =
Lo : S EE TDHBE 2S5 a5 O £33 8=
s ; Q L5 Q@ ~L2 0% 3akE @nSTm
i =] 32% LB 0 g T SE Ss
— o m = N o c o o O — £ o £ O .L L
_ 3 | = - 582 yS2ERSEED 2TER
S o g ShEZEC5ES 93 sE2E§n
- S ~ i I s >0 5SSz =8 ©Co= g o
= pac. ~ H 1 4 o 8 E8 o < ~EEE &
oy | Q. ~ amO ch5w g2 Q. 0529z
o ; v vy o 7] [ ch.n..ameS\l Swmw
Q m = 8 den & 3EQ v =S 0 ES 2< 82 €
. 5 o S o= e =2 B a O = T’ Cn.. mm
. = Nt S D@ 8 % e Yol Q
: = [ 52 a% S<EgEBER S5 90
| & o & | o fogg T2 20 gm—= ¢ @ LN g O
! m ] m - 58%958 nworf.ﬂmm & e],hmn
o s o = RPN S2EZCSF.3 = 8 0% 3
~ S ZT —t 12T S“%( eeSawCSO.\;.. um’mﬂsm
o o 5o Y SE2ed528528 8 2g§=¢
2 = v ] e S=xs —R529°28s & 22 Eg
© @] I () 3% 0= .1mn€Mmlm< 2 Wnt
S J s 258 358852225 SE8TE
S — { - 1" 3 2E3 SEdELE S TRE% S
N e 2585| E3EcsdEfy 28384
S | 5O EE208sC2E S58g S
o = oo = b~ m o Q Sl =3 pq o)
o QszD0 2 05O * o 9 <
. 49 el 01 MV,BH SE2 0% S > 22 0=
=) 0 O < o o o O <+ o o 2o« 208 8<0 43 caS al
o (=3 (=3} (o)) [} o o)) (s} o)) o o] . Do S g0 >0 4y 04 B Wa,a,.o
- ~ 8358 EESTo235 2557 g
s80a LS 1 = =] S - = B
(%) Aujiqeqoid 291y JusA3 (%) Aiqeqoud s34y Juan3 2583 252 04285 2e05%
S EELS 3z 38 <S50
‘gjel uoljely)y Jejniawo|b pajewnse ‘H49e xepul ssew Apoq ‘|Ng ‘eseasip Asupiy d1uoiyd ‘gyD ‘epndad onainuieu edAl-g ‘dNg
000> 6'6 o €0 S0 62 100°0> S0l 1L 2o 70 e (%) uoneyuqy ey
96€°0 6'6 9L 1’8 901 1'6 100°0> zel 8'8 €6 L9l 8Ll (%) Bumjows
200> 9L ge 99 ge £ 500> 28 9 8 z'6 gL (%) seleqelq
100°0> Spl vyl €6l 1’82 1’6k 100°0> £l 8'Gl '8l 582 6l (%) eiwepidipedin
100°0> 05 vE L€ 62 8E 1000> 6V g€ 9€ L2 LE (%) sbrup enisuspedAynuy
100°0> 299 98y g'IS 8'GY 828 1L000> 599 208 108 (27 8'eS (%) uoisuspediy
L000> S LFEEL € LFEEL € LFIEL VIFEEL  VIFSEL L000>  9LFYEL £ LFEEL € LF9El viIFSYL  SIF9EL (Ip/6) uiqojbowey pooig
100> L0} 9g 99 8 69 100°0> 9z bLL 602 282 122 (%) eunujoid
L00°0>  9'GF8LS L'SFeS 0'S¥2'€S 6VFOYS  ©'SF6eS 1000> 90LF'SS  9OLFLSS YLLFZLS  SOLFRL9  LTIFPULS (w1 -uw-w) 4498
2000>  v'EFe Ve £'e¥6'€2 ZeFSVe Ze¥8ve  CEFIe L000>  PEFZVE £eFO Ve Y'EF9ve €EF0'SZ  V'EFSPE Ing
200> 0Se/vvl 112/811 £92/1€} 9£2/6GL  920'1/2SS 100°0>  ¥82/161 02€/5S 4 ZLEN9L 852/02z  vLV'MLeL 4/N
1000>  L/F6TL v’ LF1'69 8LFL L9 6'8FrY9  v'8FL89 1000>  €/¥872L 8'/F0'69 1'8¥0°L9 v'6¥L29  0'6¥6°L9 (s1eak) eby
y6¢ S6€ ) g6e 81G°t Gl SLY €LY 8Lt Tol 1 u
onjen g _JEVZ YO V'EV-9'6Z €D €201 2O 6115 1O lejoL onjer g _FEVZ YO 62822 €0 L22-€LL 2O TLIS LO leloy
abuei pue ajiuenb dNg ‘(g-uoniuyep) Ao abue. pue ajienb dng ‘(1L-uonuyap) Mo
,,,,, T st - uoueq XD Y9E3 Ul 8|1END dNE AQ SONSHeIRIEYD [EDIUND L alNeL

Vol.74. April 2010

Circulation Journal

— 187 —



BNP and CKD in Community-Based Population 795
Table 2. Event Rates and HR for CVD by BNP Quartile in CKD
BNP quartile All CVD events/ Age-sex adjusted P valtie Multivariate adjusted P value
(pg/ml) 1,000 person-years HR (95%Cl) HR* (95%Cl)
CKD (definition 1)
Q1 (=11.2) 5.7 1.0 1.0
Q2 (11.3-22.7) 8.6 1.77 (0.70—4.49) 0.226 1.83 (0.72-4.66) 0.203
Q3 (22.842.9) 71 1.47 (0.55-3.93) 0.439 1.62 (0.60-4.37) 0.341
Q4 (243.1) 25.9 4.71 (2.04-10.90) <0.001 4.59 (1.97-10.73) <0.001
CKD (definition 2)
Q1 (=11.9) 35 1.0 1.0
Q2 (12.0-23.5) 8.4 2.58 (0.79-8.48) 0.118 2.48 (0.75-8.19) 0.135
Q3 (23.643.4) 7.7 2.39 (0.70-8.12) 0.164 2.56 (0.75-8.73) 0.134
Q4 (243.6) 20.3 5.56 (1.83-16.90) <0.003 5.54 (1.81-16.97) <0.003

*Adjusted for age, sex, BMI, current smoking, hypertension, diabetes, hypercholesterolemia, eGFR, and atrial fibrillation.
HR, hazard ratios; CVD, cardiovascular disease; Cl, confidence interval. Other abbreviations see in Table 1.

1.73 m 2. Proteinuria was found in 23% of the subjects. The
percentages of cases of hypertension, diabetes, and atrial
fibrillation were 54%, 7.5%, and 3.1%, respectively. The
median plasma BNP level was 22.7 pg/ml.

The number of cases of CKD definition-2 was 1,578 (552
in men, 1,026 in women), and the prevalence was 12% (12%
in men, 11% in women) within the community-based popula-
tion. The percentages of hypertension, diabetes, and protein-
uria were 53%, 5.3%, and 6.9%, respectively. The prevalence
of atrial fibrillation was 2.9%. The median plasma BNP level
was 23.5pg/ml (Table 1).

The cohorts were followed for 5,275 person-years in CKD
definition-1, and for 4,350 person-years in CKD definition-2,
respectively. Composite CV events (heart failure, acute myo-
cardial infarction, sudden cardiac death, stroke) during the
follow-up period (mean, 2.8 years) occurred in 62 cases in
the CKD definition-1 group and in 43 cases in the CKD defi-
nition-2 group. The number of CV events/1,000 person-years
was 11.7 and 9.9 in the CKD definition-1 and definition-2
groups, respectively.

Kaplan-Meier curves for the CV event-free rate according
to the BNP quartiles in both CKD cohorts are shown in
Figure. The CV event-free rate was significantly lower in
the highest quartile of BNP (>43 pg/ml) in both CKD cohorts
(CKD definition-1, P<0.0001; CKD definition-2, P<0.0005
by log-rank test).

As shown in Table 2, in the CKD definition-1 group, the
number of CV events/1,000 person-years among BNP quar-
tiles (Q) was 5.7 in Q1, 8.6in Q2, 7.1 in Q3, and 25.9 in Q4.
Similarly, in the CKD definition-2 group, the number was
3.5, 8.4, 7.7, and 20.3, respectively. CV events occurred in
the highest quartile group of each CKD cohort (P<0.001 for
both definitions).

After adjustment for age and sex, Cox regression analysis
was performed to analyze the relationship between plasma
BNP level and the risk of CV events (Table 2). The HR ob-
tained from the Cox proportional model for the highest
quartile of plasma BNP was significantly higher than that
for the lowest quartile for CKD definition-1 (HR 4.71; 95%
confidence interval (CI) 2.04-10.9; P<0.001) and for CKD
definition-2 (HR 5.56; 95%CI 1.83-16.9; P<0.003). In addi-
tion, after multivariate adjustment of the models (age. sex,
BMI. smoking, hypertension, diabetes, hypercholesterolemia,
atrial fibrillation, and eGFR), similar results were obtained
(Table 2). The HR in the highest quartile was significantly
higher compared with the lower quartile groups (HR 4.59 in

CKD definition-1 group, P<0.001; HR 5.54 in CKD defini-
tion-2 group, P<0.003).

Discussion

The present study demonstrates that for the first time in CKD
cohorts defined by different criteria and selected from a
community-based population, the subgroup with the highest
plasma BNP quartile had a 4- to 5-fold higher CV risk,
including heart failure, stroke, myocardial infarction, and
sudden cardiac death compared with the subgroup with the
lowest plasma BNP quartile. This relationship was robust
even after adjustment for classical CV risk factors. Our obser-
vations suggest that the plasma BNP level is a useful tool for
stratifying CV risk within a CKD cohort selected from a
general population.

In cohort studies without renal dysfunction, Wang et al
reported that the subgroup with plasma levels of BNP over the
80" percentile had a 3-fold higher risk of new onset of heart
failure and a 2-fold higher risk of brain transient ischemic
attack than subjects showing plasma levels below the 80"
percentile.® Similarly, in a general population without sub-
jects with elevated serum creatinine levels, Kistorp et al dem-
onstrated that subjects who had higher plasma NT-proBNP
levels above the 80" percentile had a 3-fold higher risk of
CV diseases than the subjects who had plasma NT-proBNP
levels below the 80" percentile.* However, no studies have
yet examined whether plasma levels of natriuretic peptides
might be effective for stratifying the CV risk within a large
number of CKD subjects selected from the general popula-
tion. This may have been because of concerns that plasma
natriuretic peptide levels might increase in the absence of
organic cardiac disorders, and thus confound the relationship
between the plasma level and CV events in this setting, as
the important clearance site of the natriuretic peptide family
protein is the kidney.?

There are several possible explanations for the fact that an
elevated plasma BNP level was associated with a high risk
for CV events, as demonstrated in the present study. First,
the increased level of plasma BNP might be a marker for
more advanced renal dysfunction, and deterioration of renal
function is usually associated with an accumulation of tradi-
tional CV risk factors?! and there may be related increases in
homocysteine, inflammation, oxidative stress, and thrombo-
genic factors.'# These factors may impair endothelial func-
tion, lead to progression of atherosclerosis, and thus increase
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the risk of CV events in CKD subjects. Second, the plasma
BNP level has been reported as increased with progression
of anemia, which is independent of the degree of cardiac
dysfunction.*>>* In this regard. an elevated plasma BNP level
may indicate advanced anemia, and thus be a marker at a
high risk of CV events in CKD subjects. In fact, several
reports have demonstrated that the prevalence of future onset
of coronary artery disease and heart failure were significantly
elevated in subjects with anemia. ¢ Third, elevated levels
of plasma BNP denote impaired cardiac tunction, including
latent structural heart diseases, cardiac volume overlord, and
myocardial ischemia, and thus such patients are prone to CV
disorders.

In the present study, although there were no significant
differences in the levels of eGFR and blood hemoglobin
between the 3" rd and the 4" BNP quartiles, CV events were
clearly prevalent in the highest quartile group. These findings
indicate that the first and the second explanations are unlikely,
and thus the third hypothesis may be the more possible.
However, left ventricular function and morphological data
were unavailable in the present cohort study, and it was
unclear whether patients with structural heart disease or im-
paired cardiac function were more common in the 4 quartile
than in the lower quartiles. In previous studies using echo-
cardiography, a plasma level of plasma BNP >40-50 pg/ml
was a useful marker with high sensitivity and specificity for
identifying subjects with latent structural heart disease, in-
cluding left ventricular dysfunction, valvular heart diseases,
cardiomyopathy, and atrial fibrillation.?”-2* In view of these
findings, a CKD subgroup with elevated plasma BNP levels
tends to show subclinical structural cardiac disorders and is
associated with a high risk for heart failure, ischemic stroke,
and coronary artery diseases. In accordance with this hypoth-
esis, several reports have suggested that an increased plasma
BNP level in patients with renal dysfunction is mainly caused
by cardiac overload and intrinsic organic heart disease rather
than renal dysfunction.¥-*

Incidentally, the present study found that CKD definition-
1 using reduced GFR and/or proteinuria captured a greater
number of subjects with CV events than CKD definition-2
using reduced GFR only (62 cases for definition-1 vs 43 cases
for definition-2). This observation suggests that definition-1
is more useful for the definition of CKD in terms of CV risk
stratification. Measurement of 2 biomarkers (GFR and uri-
nary protein) is therefore be recommended for the selection
of CKD subjects within apparent healthy populations.

Study Limitations

Although the present study with its large sample size is a pro-
spective community-based study that included routine bio-
chemical data, several limitations must be considered when
interpreting the results. More than 35% of the CKD subjects
were receiving antihypertensive agents at baseline. Several
types of antihypertensive drugs, such as angiotensin-convert-
ing enzyme-inhibitors and angiotensin II receptor blockers,
reduce the onset of CV events. The present study did not
evaluate the effects of these drugs on the incidence of CV
events. However, the percentage of subjects receiving anti-
hypertensive drugs increased with the quartiles of plasma
BNP level (Table 1), which suggests that the CKD subjects
with higher plasma BNP levels were likely to receive these
medications. This limitation might have underestimated the
association between plasma BNP level and CV events. The
urine dipstick test used in the present CKD definition is
usually regarded as not being accurate for the diagnosis of

persistence proteinuria. However, in a previous population-
based study, trace proteinuria on dipstick test had good
reproducibility and high sensitivity and specificity for detec-
tion of micro-albuminuria in an elderly population.™ In this
regard, the inclusion criterion for CKD definition-1 in the
present study was a trace result for dipstick test.

In conclusion, the plasma BNP level provides strong
predictive information about the future onset of CV events
in subjects with mildly reduced renal function. This result
implies that plasma BNP measurement is a powerful tool for
stratifying CV risk in CKD subjects selected from the
general population.
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Abstract

Background: Elevated plasma B-type natriuretic peptide (BNP) levels suggest a high risk for future onset of cardiovascular events including
congestive heart failure (CHF) and mortality. In the general population, although median plasma BNP levels have been reported to be higher
in women than in men, the incidence of CHF and mortality are lower in women. However, no studies have examined gender-specific risk
stratification of plasma BNP levels for future onset of CHF and mortality.

Methods: Subjects of this study were recruited from our general population. Baseline data including plasma BNP were determined in 13,466
subjects (men 4527, women 8939; median age = 64 yrs). A multivariate Cox regression analysis was performed to examine the predictive
ability of plasma BNP for new onset of CHF and mortality.

Results: The mean follow-up duration was 2.9 years. After adjustment for traditional cardiovascular risk factors including atrial fibrillation,
hazard ratios for CHF development for values above the 75th percentile of BNP were 13.4 (p<0.001) in men and 8.5 (<0.001) in women.
Similarly, each increment of 1SD in log BNP levels increased the hazard ratio by 8.8 (»p<0.001) in men, and 6.7 (p<0.001) in women. The
area under the receiver operating characteristic curve was significant for prediction of the onset of CHF (men; 0.853, women; 0.838). In
addition, increased plasma BNP levels implied high risk of any-cause mortality in men (above the 75th percentile; hazard ratio = 1.8,
p=0.005: increment of 1SD: hazard ratio = 1.4, p=0.024), but this relationship was suboptimal in women.

Conclusion: Measurements of plasma BNP provides strong predictive information about future onset of CHF in both sexes, with predictive
ability for death being effective especially in men.

© 2009 Elsevier Ireland Ltd. All rights reserved.

Keywords: Mortality; Community; Non-white; Japanese
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cardiac systolic/diastolic function, hypertensive heart dis-
ease, atrial fibrillation, and myocardial ischemia [3-7]. It is
therefore expected that measurement of plasma BNP levels
would provide useful information for identification of
subjects at high risk of CHF due to various phenotypes of
structural heart disease [8,9].

In fact, Wang et al. have shown for the first time that a
Istandard deviation increment in plasma BNP as well as
elevated plasma BNP above the 80th percentile was
associated with a significant increase in the risk of new
onset of CHF and any-cause mortality in the Framingham
general population [10]. Similar positive associations
between plasma NT-proBNP levels and risk of cardiovas-
cular events including onset of CHF and mortality have been
reported in the Danish general population [11]. These
previous studies have suggested that plasma levels of BNP
or NT-proBNP may serve as a possible screening tool for
subjects at high risk of CHF and death within the general
population. However, few studies have examined the utility
of plasma BNP measurement as a predictor of future onset of
CHF by a sex-stratified analysis, because women have a
relatively lower incidence of CHF and higher median plasma
BNP levels than men [12—14].

Moreover, subjects of previous studies were mainly
drawn from white populations [10,11]. No studies have
confirmed the relationship between plasma BNP levels and
cardiovascular events and mortality in community-based
cohorts taken from non-white populations. The incidence
and prevalence of cardiovascular events including CHF has
been reported to differ among ethnic groups [15]. In the
general population, several reports have shown that plasma
BNP levels are affected by anthropometric factors such as
body mass index [16] and genetic features [17], and this may
alter the utility of plasma BNP measurement as a predictor of
cardiovascular events.

These suggest that the relationship between plasma BNP
levels and cardiovascular outcomes should be evaluated
separately in men and women, and it may also be important
to examine whether the relationship is applicable in other
ethnic populations. The present study has therefore sought to
determine whether 1) plasma BNP levels are associated with
an increased risk of CHF and any-cause death in both sexes
in the general population; and 2) the relationship between
plasma BNP and cardiovascular outcome observed in the
white population is valid in other ethnic groups, specifically
the Japanese population.

1. Methods
1.1. Study population

The original cohort of the Iwate-KENCO study was recruited from the
community-dwelling population living in the three districts (Ninohe, Kuji,
and Miyako) of the northern Iwate prefecture, Japan. This region has a
resident population of over 144,000 adults over the age of 40 years based on
census data from October 2005. The cohort was recruited from subjects of a
government-regulated multiphasic health checkup for the general popula-

tion. Invitations to participate in the multiphasic health screening program
were issued by government offices in each municipality.

The total number of participants who agreed to join the Iwate-KENCO
study in the three districts was 26,469 (original cohort). The acceptance rate
for participation from government-regulated health screening was 84.5%. Of
the original cohort living in Ninohe and Kuji districts (n=15,927), 15,394
subjects (97%) had BNP measurements (BNP cohort: men 5288; women
10,106). Subjects were excluded from this cohort for the following reasons:
age under 40 (575), history of cardiovascular events such as myocardial
infarction, stroke or heart failure (507), and missing covariates (846). The
final statistical analysis was therefore performed on 13,466 subjects (men
4527; women 8939: Table ). This study protocol was approved by our
university ethics committee and local institutional review committees. All
participants gave written informed consent.

1.2. BNP assay

Non-fasting blood samples were drawn from the antecubital vein while
participants were seated. Blood samples were collected into vacuum tubes.
While blood samples for routine blood testing were being taken, an additional
2 ml sample of venous blood was collected into a test tube containing EDTA-
2Na for plasma BNP measurement. Tubes were stored immediately after
sampling in an icebox and transported to the Iwate Health Service Association

Table |
Baseline characteristics of study population, the Iwate KENCO study.
Men Women
Number 4527 8939
Age (years)
Mean (£SD) 64.1+10.3 62.0£10.0
Median 66.0 63.0
Plasma BNP (pg/ml)
Ist quartile <6.5 <8.9
2nd quartile 6.5-14.8 8.9-17.1
3rd quartile 14.8-30.0 17.1-30.4
4th quartile >30.0 =304
Systolic blood pressure (mmHg)
Mean (+£SD) 130.1£194 125.5+19.7
Median 128.5 123.5
Diastolic blood pressure (mmHg)
Mean (+SD) 77.8+10.8 73.7+10.8
Median 77.5 73.0
Hypertension (% 444 388
Antihypertensive drugs (%) 23.6 243
Body mass index (kg/m2)
Mean (+SD) 23.9+29 24.1+3.4
Median 238 23.9
Atrial fibrillation (%) 3.0 0.6
HbAlc (%)
Mean (£SD) 5.2+0.8 5.1+0.6
Median 5.0 5.0
Diabetes (%) 8.0 4.3
Antidiabetic medication (%) 4.6 2.4
Total cholesterol (mg/dl)
Mean (+SD) 193.2£32.6 206.7+31.8
Median 191.0 206.0
Hypercholestrolemia (%) 10.3 20.3
Antihypercholestrolemic drugs (%) 2.8 7.3
HDL-cholesterol (mg/dL)
Mean (+SD) 56.4+15.4 61.8+14.5
Median 54.0 60.0
Current smoking (%) 334 2.5
Regular alcohol intake (%) 61.7 11.1
Regular exercise (%) 17.0 10.5
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laboratory each aftemoon. They were then centrifuged at 1500 g for 10 min.
After separation, plasma samples were stored frozen at =20 °C until
transportation to the Shionogi central laboratory for the assay. Plasma BNP
levels were measured by direct radioimmunoassay using monoclonal
antibodies specific for human BNP (Shiono RIA BNP kit, Shionogi, Japan).
Cross-reactivity of the antibody was 100% for human BNP and 0.001% for
human atrial natriuretic peptide. Intra- and inter-assay coefficients of variation
were 5% and 6%, respectively.

1.3. Risk factor definitions

Subjects used a self-reported questionnaire to document medical history
including status (yes or no) of prescribed drugs for hypertension, diabetes,
hypercholesterolemia, stroke, angina, CHF and myocardial infarction.
Smoking habits (current or non-smoker), regular alcohol intake (yes or
no), and regular exercise (=60 min of exercise and >8§ times per month)
were also assessed by a questionnaire developed by the study committee.
Systolic and diastolic blood pressures were determined with an automated
sphygmomanometer with subjects seated for at least 5 min before
measurement. Measurement was performed twice, with the mean value
used for statistical analysis. Hypertension was defined as systolic blood
pressure = 140 mm Hg and/or diastolic blood pressure =90 mm Hg, and/or
the use of antihypertensive medication. Body height was measured with
participants in stocking feet and weight was measured wearing light
clothing. Body mass index was calculated as weight (kg) divided by the
square of height (m?). Diabetes was ascertained by detection of a non-fasting
glucose concentration = 200 mg/dl and/or HbAlc value = 6.5% [18] and/or
a use of anti-diabetic agents including insulin. Hypercholesterolemia was
defined as a serum concentration =240 mg/dl and/or the use of anti-
lipidemic medications.

1.4. Outcome

A follow-up survey assessing mortality, migration, and the incidence of
CHF was carried out after the baseline study. Admission cases of CHF in the
cohort were checked by the regional registration survey data for heart
diseases, which records primary hospital discharge diagnoses in the study area.
Details of this register have been described previously [15]. The cases of CHF
were objectively defined by Framingham criteria [ 19]. All deaths and migration
were confirmed by the official resident registration data issued by the local
government offices.

1.5. Statistical analysis

Continuous variables are shown as median or mean. Owing to the
purpose of the present study, the following analyses were performed
separately in men and women. Participants were divided into quartiles
according to their bascline plasma BNP levels. Survival from entry into the
study was estimated using the Kaplan—Meier method, followed by a trend
test (Log rank). We evaluated the association between baseline plasma BNP
levels and two clinical endpoints (new onset of CHF and death from any
cause). Using a Cox proportional hazards regression model, hazard ratios
(HRs) for plasma BNP with each outcome were assessed. In these analyses,
plasma BNP levels were used as a categorical variable and as continuous
variables after natural logarithmic transformation. For the categorical
analyses, we used prespecified thresholds corresponding to the 75th
percentile values. In this multivariable proportional-hazards regression
model, we adjusted analyses for age, body mass index, and the presence or
absence of hypertension, diabetes, hypercholesterolemia, current smoking,
regular exercise and atrial fibrillation. Receiver-operating-characteristic
(ROC) curves were constructed to assess the sensitivity and specificity of
plasma BNP throughout the range of concentrations as an indicator of CHF
or all cause of mortality. The area under the curve and 95% confident
interval (CI) of each ROC curve were calculated to provide a measure of the
overall diagnostic accuracy of the test. All statistical analysis was performed
using SPSS software. A significant difference was defined as p<0.05.

2. Results
2.1. Baseline characteristics of the cohort

The median age of male and female cohorts was 66 in men, and 63 in
women, respectively (Table 1). The number of women participants was
approximately twice the number of men. The median plasma BNP level was
higher in women than men (17.1 pg/ml versus 14.8 pg/ml; p<0.001). The
prevalence of hypertension, atrial fibrillation, diabetes, current smoking,
regular alcohol intake tended to be higher in men than in women.

2.2. Congestive heart failure and all-cause death

During the 2.9 year follow-up period, there were 44 cases of new onset
CHF (men=23; women=21). The crude incidence rate of CHF was 1.75/
1000 person-years in men and 0.82/1000 person-years in women. In addition, a
total of 182 participants died from any cause (men=106; women="76). The
crude death rate was 8.07/1000 person-years in men and 2.98/1000 person-
years in women. The event free probabilities for CHF according to BNP
quartiles are shown in Fig. 1. In both sexes, the highest quartile showed the
lowest event free rate for onset of CHF (p for trends: men, p<0.0001; women,
p<0.0001). Similarly, mortality rate increased with increasing quartile levels of
plasma BNP (p for trends: men, p<0.0001; women, p=0.0014) (Fig. 2).

2.3. Multivariate analysis of outcomes

Increased plasma BNP levels predicted new onset of CHF even after
adjusting for cardiovascular risk factors such as age, atrial fibrillation, BMI,
current smoking, diabetes, hypercholesterolemia, hypertension, regular
alcohol intake, and exercise habit in both sexes. As shown in Table 2,
male participants with plasma BNP values above the 75th percentile had
13.4-fold increased risk of onset of CHF (95% CI, 4.1 to 43.6; p<0.001)
relative to those with values equal to or below. In women, the association
between the risk of CHF and plasma BNP above the 75th percentile was also
significant (hazard ratio=8.5; 95% CI, 2.9 to 25.3: p<0.001). When plasma
BNP was analyzed as a continuous variable, increasing plasma BNP for each
1SD increment in log BNP was associated with an increased risk of onset of
CHF, with adjusting hazard ratios of 8.8 (95% CI, 3.9 t0 20.1; p<0.001) in men
and 6.7 (95% CI, 2.9 to 15.3; p<0.001) in women.

Median plasma BNP levels were higher in subjects complicated with
atrial fibrillation than in subjects in sinus rhythm (men, 106.0 pg/ml versus
14.3 pg/ml; p<0.001: women, 118.0 pg/ml versus 17.0 pg/mb p<0.001).
To eliminate possible confounding effects of atrial fibrillation on the onset of
CHF and plasma BNP, participants with atial fibrillation at baseline were
excluded from the analysis. The relationship between plasma BNP levels
above the 75th percentile (categorical varable) and nisk of CHF onset
remained robust in both men (hazard ratio=15.5; 95% CI, 4.5 to 53.9:
p<0.0001) and women (hazard ratio=7.9; 95% CI, 2.6 to 23.9: p<0.001)
(Table 2). The risk of CHF for each 1SD increment in log BNP increased
12.8-fold in men (95% CI, 5.4 to 30.5; p<0.0001), and 7.5-fold in women
(95% CI, 3.2 to 17.5; p<0.001) after exclusion of subjects with atrial
fibrillation at baseline.

In men, the hazard ratio for mortality according to plasma BNP as a
categorical variable (above the 75th percentile) was 1.8 (95% CI, 1.2 t0 2.7;
p=0.005). Also, a 1SD increment in plasma BNP as a log transformed value
was associated with a significant (1.4-fold) increase in the hazard ratio for
death (95% CI. 1.0 to 1.8; p=0.024) in men (Table 2). However, in women,
the association between plasma BNP and mortality was not significant
(above the 75th percentile, p==0.41: cach 1SD increment, p=0.23).

2.4. ROC analysis

As shown in Fig. 3, the overall power of plasma BNP for prediction of
CHF was significant. The optimal threshold of BNP for prediction of CHF
was 32 pg/ml (sensitivity; 83%, specificity; 77%) in men, and 62 pg/ml
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Fig. 1. Kaplan—-Meier curves of unadjusted cumulative CHF free probabilities according to quartiles of plasma BNP at baseline in the general population. Q = quartile.

(sensitivity; 67%, specificity: 94%) in women, respectively. The area under
the ROC curve was 0.853 (95% CI, 0.842 to 0.863) in men, and 0.838 (95%
CL. 0.830 to 0.845) in women, respectively. The predictive ability of plasma
BNP for all-cause of death as represented by the area under the curve was
lower than that for CHF (men; 0.665, women; 0.615).

3. Discussion

The present study has found that elevated plasma BNP in
the middle aged and elderly general population serves as a
significant indicator of high risk for future onset of CHF in
both men and women. This relationship remains statistically
robust even after adjustment for clinical risk factors for CHF
and after exclusion of subjects having atrial fibrillation at
baseline. In addition, increased plasma BNP is a useful
biomarker for prediction of high risk for any cause mortality
in men, whereas this relationship was obscure in women.

Wang et al. have reported that elevated levels of plasma
BNP were a useful predictor of the risk of death and
cardiovascular events including CHF in a mainly white US
population living in Framingham [10]. The incidence of CHF
is well known to be lower in women than in men. Conversely,
median plasma BNP levels are reported to be higher in
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women than in men in the general population [12-14]. This
appears to contradict the epidemiological fact of a lower
prevalence of cardiovascular disorders in women. However,
little information is available to show whether the relation-
ship between plasma BNP and the risk of onset of CHF
remains significant in both sexes. Subject numbers in these
previous studies may have been insufficient for separate
analysis of predictive values for CHF in each gender group.
The present study has suggested for the first time that plasma
BNP may be a feasible screening tool for identification of
individuals at high risk of future development of CHF within
an apparently healthy population without gender bias.
Moreover, there have been no reports about the predictive
abilities of plasma BNP for any cardiovascular events in non-
white populations having a different incidence of cardiovas-
cular disease. The incidence of cardiovascular events
including CHF differs among races, with the Japanese having
a relatively lower rate [15,20-22]. Plasma BNP levels have
been demonstrated to be affected by anthropometric factors
such as body mass index [16], and to be modified by
heritability and genetic factors in a community based sample
[17]. These findings suggest that the distribution of plasma
BNP in apparently healthy populations may differ among
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Fig. 2. Kaplan—Meier curves of unadjusted cumulative survival according to quartiles of plasma BNP at baseline in the general population. Q = quartile.
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Table 2
Multivariate analysis of the association of plasma BNP levels, congestive
heart failure and death.

Adjusted hazard ratio for
BNP values above 75th

Adjusted hazard ratio per
1SD increment in Log

percentile BNP
HR 95%CI  Pvalue HR 95%CI P value
Men
Heart failure 1345 4.15t0  0.001 8.84 388t 0.001
4356 20.13
Heart failure 1550 4.46to 0.001 1285 541t 0.001
(ex. Afib) 53.88 30.51
All cause death 1.81 1.20to 0.005 1.38 1.04t0 0.024
2.75 1.82
Women
Heart failure 8.54 2.88to 0.001 6.68 293t0 0.001
25.31 15.26
Heart failure 7.88 2.60t0o 0.001 7.53 324t 0.001
(ex. Afib) 23.91 17.53
All cause death .22 0.76t0  0.408 1.17 090w 0.231

1.98 1.53

The hazard ratios were adjusted for age, atrial fibrillation, BMI, current
smoking, diabetes, hypercholesterolemia, hypertension, regular alcohol
intake, and regular exercise: ex. Afib = analysis after exclusion of atrial
fibrillation.

ethnicities and communities. It would therefore be important
to confirm that the predictive ability of BNP for CHF reported
in US and European populations could be extrapolated to
other ethnic populations. The present study has established
the relationship between plasma BNP levels and risk of CHF
in a non-white, specifically Japanese, population. Thus the
present study suggests that BNP testing may be useful even in
a low-risk population.

In contrast to the value of plasma BNP for predicting
future onset of CHF in either sex, the association between
plasma BNP and all cause mortality was less robust after
adjustment for cardiovascular risk factors especially in the
female cohort. In several previous studies without gender-
specific analysis, clevated plasma BNP or plasma NT-
proBNP levels were associated with an increased risk of
death in the general population [10,11,23,24]. The present
study has confirmed this association in men only, with the
reasons for the lack of predictive ability of BNP testing for all
causes of death in women remained unknown. Although
person-years among female subjects in the present study may
not have been insufficient (>=25,000 person-years), the
follow-up may have been shorter than those of earlier studies
(>5 years). In addition, it seems that cardiovascular death rate
among the present female cohort may have been lower due to
the lower incidence of cardiovascular risk factors compared
to the male cohort. These biases may account for the possible
dissociation between mortality and plasma BNP in women.

3.1. Limitations

This study has several limitations. The capture of CHF
during the follow-up period was restricted to hospitalized

cases so that CHF patients treated at an outpatient clinic only
may be missing from the follow-up data. As the Framingham
criteria for CHF employed in this study tend to capture
relatively advanced CHF, the observed predictive value of
plasma BNP is assured in cases with clinically overt CHF. As
echocardiographic parameters were not included in the
baseline data, the reasons for the elevation of plasma BNP
are not known. However, according to our previous cross-
sectional cohort study of the general population, elevated
plasma BNP concentrations has a significant sensitivity and
specificity for screening several phenotypes of structural
heart disease [8]. The predictive abilities of high plasma
BNP levels may be due to the capability for selection of
subjects who have underlying cardiac disorders which are
prone to progress to overt CHF. More than 20% of our cohort
was receiving antihypertensive agents at baseline. Several
types of angiotensin converting enzyme inhibitors or
angiotensin Il receptor blockers have been reported to
reduce cardiovascular events and mortality in high risk
subjects [25,26]. This type of drug also has been reported to
reduce plasma levels of BNP [27]. In view of these findings,
the present study did not assess the effects of these drugs on
the incidence of outcomes or on plasma BNP levels.
However, when the use of antihypertensive medication
(yes or no) was entered into the multivariate regression
model, the significance of the predictive ability of plasma
BNP did not weaken for CHF (hazard ratios >5.0,
p<0.0001; both above the 75th percentile level and each
1SD increment).

In conclusion, measurement of plasma BNP provides
strong predictive information about future onset of CHF in
both sexes, with the predictive ability for death effective
especially in men.
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Fig. 3. Receiver-operating-characteristic curves of plasma BNP concentra-
tion to predict future onset of CHF.
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