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ASSOCIATION OF HEART RATE WITH BRAIN NATRIURETIC
PEPTIDE, CARDIAC FUNCTION AND CLINICAL FACTORS
IN UNTREATED HYPERTENSIVE PATIENTS

Mamoru KuNOH and Shingo SEKI
Division of Cardiology, Department of Internal Medicine, The Jikei University School of Medicine

Heart rate (HR) is thought to be a predictor of cardiovascular events and to affect cardiac
contractility. Recently, brain natriuretic peptide (BNP) has been suggested to also have
prognostic value to identify cardiovascular risk in patients without heart failure. In this study,
we evaluated the association of HR with several clinical variables, especially BNP and cardiac
function. To assess the clinical significance of HR, we examined 126 patients with untreated
hypertension (70 men and 56 women ; mean age, 58.2+10.8 years ; systolic pressure 165.0+15.1
mmHg ; diastolic pressure, 99.7+9.2 mmHg). These patients were divided into 3 groups on
the basis of HR: low HR (HR<75bpm; #=57; mean HR, 65.6+5.6 bpm) ; moderate HR
(HR, 75-85bpm; n=41; mean HR, 79.1%+2.7bpm) ; and high HR (HR>85bpm; n=28;
mean HR, 94.5+9.9bpm. In the high HR group, several variables showed more clinical
disadvantage compared with other groups, such as higher BNP, noradrenaline, and lower
ejection fraction on echocardiography. The number of patients with a metabolic syndrome-
like disorder was higher in the high HR group (38.7%) than in the moderate HR group
(35.489%) or the low HR group (25.8%). In all patients, HR was positively correlated with
levels of BNP (»=0.281, »=0.0015), noradrenaline (»=0.337, »=0.0020), and uric acid (»=
0.275, p=0.0361). The groups did not differ significantly in age, diastolic function by ultra-
sonic cardiography, ventricular mass index, or creatinine levels. Our results suggest that an
increase in heart rate may affect systolic function by causing sympathetic hyperactivity and
metabolic impairment and would be important for the treatment of essential hypertension.

(Tokyo Jikeikai Medical Journal 2006 ; 121 : 183-90)

Key words : heart rate, hypertension, brain natriuretic peptide, cardiac contractility
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Table 1. Patient profile
Gender, F/M 56/70
Age (y) 58.2410.8
Systolic pressure (mmHg) 165.0+15.1
Diastolic pressure (mmHg) 99.7+9.2
Heart rate (bpm) 76.4+12.9

Table 2. Clinical parameter and characteristics in each group

Group Low (#=57)

Group Moderate (n=41) Group High (n=28)

Age (y) 59.2+10.4
Sex, Female/Male 25/32
Body mass index (Kg/m?) 23.9+4.4
Systolic pressure (mmHg) 163.3+10.7
Diastolic pressure (mmHg) 98.4+8.5
Average HR (bpm) 65.6+5.5

Diabetes (%) 7.1

FPG (mg/dl) 99.61+12.6
Metabolic impairment (%) 25.80
Labo data
BNP (pg/ml) 32.12+27.7
Noradrenaline (pg/ml) 349.9+155.5
Aldosterone (pg/ml) 81.0+34.1
Uric acid (mg/dl) 5.0+1.9
Cr (mg/dl) 0.69+0.26
Lipid
TC (mg/dl) 202.94+27.3
TG (mg/dl) 137.5+£72.7
HDL-C (mg/dl) 53.3+12.7

58.04+12.3 56.71+9.6
17/24 14/14
25.2+5.1 241+41
164.6£16.7 169.0419.4***
100.0£7.9 101.9+12.0*t
79.1+2.7 94.5+9.9%* 1t
4.5 13.8
97.8+8.4 106.1+12.3
35.48 38.70
30.5+44.3 56.3+92.0*
483.04+274.5* 513.9£225.5%*1
9421445 80.8+40.0
5.6t1.4 6.0£1.9
0.73£0.32 0.63+0.36
201.9+£24.3 208.5+37.3
129.3£72.6 97.5+39.5
53.1£9.7 50.1+21.1

Group Low: HR<75bpm ; Group Moderate : 75 bpm<HR <85 bpm ; Group High: 85 bpm<HR.
HR : heart rate, FPG: fasting plasma glucose, BNP : brain natriuretic peptide, Cr: creatine, TC: total
cholesterol, TG : triglyceride, HDL-C: high density lipoprotein cholesterol

*$»<0.05, **p»<0.01, ***»<0.001 vs. Group Low

9 <0.05, TTp<0.01 vs. Group Moderate
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drenaline, (C) ejection fraction and (D) uric acid

The correlations between heart rate (HR) and (A) brain natriuretic peptide (BNP), (B

) nora-
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Table 3. Echocardiographic data in each group

Group Low Group Moderate Group High

(n=57) (n=41) (n=28)

EF (%) 69.8+6.4 68.8+5.3 66..2+8.3*
LV in flow

E/A ratio 0.87+0.21 0.85+0.22 0.85+0.23

DcT (msec) 234.3+37.6 233.1+37.6 226.2+47.4

IVS (mm) 10.68+2.40 10.92+1.98 10.49+2.65

PWT (mm) 10.71£1.92 10.81+£1.51 10.47£2.06

LVDd (mm) 48.06+5.08 47.35+6.64 46.8+5.29

LVMI (g/m?) 116.3+32.2 114.1+33.7 112.5+30.8

Group Low : HR<75bpm ; Group Moderate : 75 bpm to 85 bpm ; Group High: 85 bpm<

HR

EF : ejection fraction, LV : left ventricle, DcT : deceleration time, IVS : interventricular
septum, PWT : posterior wall, LVDd : left ventricular dimension at end-diastole, LVMI :

left ventricular mass index
*$<0.05 vs. Group Low

(A) *(T

Group High  Group Moderate Group Low

% 600 —T

0

Group High  Group Moderate

Group Low

Fig. 2.

G

80 7]
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50 7]
40 7]
30 7]
20 7]
10 ]
01

—*

Ejection fraction (%)

Group High Group Moderate

Group Low

(A) The comparison of brain natriuretic peptide (BNP), (B) noradrenaline and (C) ejection

fraction in each group. Group High heart rate>85 bpm, Group Moderate 75 to 85 bpm, Group Low <

75 bpm.

*$<0.05 vs. Group Low, T <0.05 vs. Group Moderate

Moderate vs Group High, »=0.052). FREEEZ
EDIHEEEC ERMEA S B S T hs, o 2 BEe
DEEZIIM L (Group Low vs Group High, p=
0.08), ¥7-7v7F =B L VIEERH b, &
HETOEBRZZRD Shkholz, MR RTE
KFCix, BNP ELELHAEHEC Tho 2 5 &

WL CEEREEZR U, RS &
FEDIEFEE OB CIIRE Th o7z, &7/ VT R
V) ESELIAEEE, PSR OREEE TEL
WMEE LR L TEEIC LR L TWR, TR
A7 EF3HETEEREZEIAONE T
(Table 2).
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Table 4. Correlation between heart rate and each variable in all the patients

Variable All (n=126) RI »Value
Age (y) 58.29+10.87 0.009 0.9168
Systolic pressure (mmHg) 165.0+15.1 0.143 0.1096
Diastolic pressure (mmHg) 99.7+9.2 0.170 0.0572
Body mass index (Kg/m?) 24.4+4.6 0.036 0.6880
ECG: SV1+RV5 (mV) 35.2+11.6 0.042 0.6485
CTR(%) 48.2+4.0 0.033 0.7194

Blood data

BNP (pg/ml) 37.1+30.3 0.281 0.0015
Noradrenaline (pg/ml) 428.8+226.6 0.337 0.0020
Aldosterone (pg/ml) 85.2+39.1 0.067 0.4754
Uric acid (mg/ml) 55+1.1 0.281 0.0361
Cr (mg/ml) 0.7+0.2 0.052 0.6147
TC (mg/ml) 203.5+29.6 0.066 0.5619

UCG data
EF (%) 68.9+6.6 0.083 0.3915
LV in flow
E/A ratio 0.88+0.24 0.002 0.9868
DcT (msec) 231.94+39.1 0.003 0.9792
IVS (mm) 10.2£1.6 0.097 0.3208
PWT (mm) 10.7£1.8 0.047 0.6319
LVDd (mm) 474457 0.164 0.0953
LVMI(g/m?) 116.0+£31.8 0.275 0.0570

ECG : electrocardiogram, CTR: cardiothoracic ratio, BNP: brain natriuretic peptide,

Cr: creatinine,

TC: total cholesterol, EF : ejection fraction, LV : left ventricle, DcT : deceleration time,
IVS: interventricular septume, PWT : posterior wall thickness,
LVDd: left ventricular dimension at end-diastole, LVMI : left ventricular mass index
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BEERIC BT 208 & SRR T £ OFEE
T, BNPfH, / V7 Fv )Y B X OIRIEHE
EEREERIEMBEEZR U, &7 008 E R
I & B AEEFHRICOW A OHBEOME A
Rohniz., E/A ratio REFLHERRKEZE
BB A N> 7z (Fig. 1, Table4),

FEDABTE I A F R ) v 7 EERRICEBI L 72

JREED 5 2 EEH38.7% TH D, FHERE LIS
D 35.48%, RLIABHEED 25.8% LD b Z -
7o (BEEEL).

Iv. & =

KFE CRARERBIMEEREICB T, L
oM, BNPE-/ Vv7 FLy ) YER ED
FREA RN 7 O _EAIINZ T, RER(E - BERRSH
TR « X5 R v 7 FERFRLURE OB R
e £ oS & OBREELTD Sz,

INFETIRImE S NTE S DEFEWE »
5, DI LIIERECERSL L UH 50 5 JHKH
L BIETROIIT EBIEL T b 2 L35 2»
N TW2RW, & ICHMERERE T, LI
HOLIMAE R EIE DML RN T T H D 12, B,



188 ABE

T, M2 v A7 a—)UE, $EREORRT
DM bR WEEESTFEET 5%, —7F BNP
T BERE R L IMATENRE DAL % K3~ % #iE N 5>
WHRFOHTRENZDDOTHY, BELTIZZD
PUBMEDEH SIVDRBOR 7 ) —= v JTHRE
L COBREIRY, {ERDLALETOTEHRIETEZLH
WELREL OWMRBOEEE - FHRHEDEH
BIEE L 25 TWw3Y, BNP O&FRK-WIEE b
WWLEARIZ L DELRS N, LDAEOREICES
T L OEMED & 5 CBRATRIMERTE, LE
WH EFI2 X Y BNP O3 s #EMms % 2 L2557
HTE 2, BIMEEICB TS BNP 0 _EFIZ, LIE
RO LEEIREE O 2 KR 2 2 L8 RILD
%L DIMETWHOLN TV B KIFFRIZEB W
T, RIGESEIMAE O & OAEd:c BNP EO -
AWBH N2 X, DHEZEOE» S, (DI
DM R THAR 2 FHIT 2 A gEME 2 RE L
TBOIFFICHEEE N WL 5, Lizh > Tl
BEER T, BEREOMFEEOFREL XV B
FACFHI 3 2 DEMESRB E N D, FIARWET
OBIGHEREDIIE T b 2 AEERHERDS, i
BHCETLTRY, LHEEORBRE 2L T
WO L IERREDOIEETH 5 E/A M
X, BHMCEEENEL, BOHBEICcBIT S
E BRI O BEME 1, O oEENC L % &
E 2z 6N, AU TOILREEDEEN 2 FHm I 1%
L5,

Palatini & Julius ¢ X % &, BIFEEEREICS
2 8ERIE, TEERESSRIC BT B HAR IR
DIETH 2 & LY, MEEF & 3T L 72 5%
TR TUE BRI L DR ICBIS 4 2 £ v R/
fRERLTWAEY®, DD, B, &IE, &
A YAV VIME, @I (22 S L O aRER),
PR, ARERIMNE LI b LIS R TR
DIVRIZE2EDLHDTHY, HRIZTZ LS DN
T A=Y — L ERCEBE RN B BB R e
LTWwW3HDTHZ0, KFRICBWTH, L
BB S AR R I D TUHE R IRE D -2
O S, KRIBERIMEEIC BV TIE, HERG
BT TN Y) A 75 ORF & L CEE
ThHsZeNRBEInz, FREBME L LR E
LT, EENZLOTIEEL, EMEoEE
fEolfREZZ 6N S, 26 OERITITIE

[ES0

L 7R REN T RICFEAE L), JDEAR MR B %
BlE I —HR2H-oTwd EEZONTWY
22,

AR, 2RV v 7 ERFORBICERE S
D, V=V «T7UFA Ty« TIVRATO Y
F B OTRR RN IA T DT, S 51
MBPER 2 AR E 235 | & #E 2 T IE N~ D RIE
23, DIMEA XY b OFECEHS L TwE 2 en
52022 EMFREORBICBWT Y, H 3 EEI
HE o WEREBEOUE 2L & LICIHENE
o TWnd, KT CTEOAEIHETA Y R
Vv 7 FEEREELIERE O B EE DS WIER DS A
SNIzDH NS DEEWEYEES T3,

R EEDLHEFBCB T, ZEERLLAHD
B LS, TOTHREEDL LI TERW
2, FEBILEBE TOLIFROBERE W IZERD
HbEIAHTHA. BIMFEREDORELHARDL, %
L OTRFHEE L Twa Z EIFHs L TIED
2600, FABRLHEE ERASETHE00n, %
ODHRFE NI F—MEEICKLEEZOND, %
COTET VA TIRERREEFHOBEIIHHE TR
<, DIHBOEL OBER%E & ATZZhZ Ok
Dy, HIZNAINH A e LTERBESNTWIZH]
BEMEX D 225, ZHERNBRL TH, BIETERPID
MAEZE LR EINT VB Z Eh 5, LD
FHRO—IEEL %2 2 EREETES R\, A
TIIRIEARER DT & RBEE S H AR & 3+
LRNSHEL TV LARELDH 5. FOHET
®O BNPEOEER EFIZ, 12 0EERD
B EER & Bbh, i 3R R T &
LEEA bV ADEADWEEMIZH Z DD, I
[ B AR AL > & BERERY - SRE P IXB T
v, Lal, BRNELSE» S, FEEED
TIERM D 2RI 32 208 Lt wy, X
SR ZIEREEEZE L, SRR ERS &I
FEfE BTt L Tld, BNP 2 EF L, BEED L
HEEL2EL TV 2 ERFHIZA, Zhick
M fEERIEE « 4 VRV VIEHiEIcASNS
BHENLIMENRENDRERETH 2 5EE
CRP @ L& - HIMERE OEIERZ 1%, ¥R
Vv ZERRED & OBHEINMAT L D bER S, »
DAY O & D OF R EEIRIEEIC 7 % a]HEE:
3H 5.



R &L

DL V7 Ry ) SERE W T
T, B g7 ay h—OshR 2T 2 DI3F
LTI, FED I BEARER D HH e A 2 H
Z, DMEEEZE L 2SS s B s s s
ZEBRSH DB, THIHEREICTL, 7
LB E DD, DS OR PR
X LD s ERFHITT 2 2 & ABEERINIC KT
BBHETH>9.

V. AHRORF

Srlal, DR - MRS 2810, HIKEIL
FE, BMEREOGHE, HEYHOKESS 7 = A
AEICRYL, LD © BREHEIT % T ORI 10 43
EEMoTN, NS ERETE T win, i,
DR PR L I - OO HIE H SR 2
FELIRL TWRW, X R v 7 iEREECE
LTI, 2005 4F 4 A HANRRES RS TR S
Nz HARTORZKEAER B\ 708, PslE b EE
FHIELTCESY, 2hE2BMITCRRALEZ L
MO RAY Ry VEFERELREE Lz, 41X
D RPEOFHI IZ AR TlE R SR Tnign,

VL. #% A

RGFEEMEESNIC BT, DI EEIER
AR O ITHEIC B S U, BHE 3 2 DR E S,
DIPGEREICHE EZ FIZ L TV A AR H 5, X
SRS & BEMEND D, HEEIE 2 E 2
3 ECTHELEDbNS,

AFFEOEE 1L 70 B H ATEERB ZEFMES
(2006 4, & Circ J 2006 ; 70 (Abstr Suppl I) :
455) WCTCHEHELL,

Fakikz 21cbr: 0, HERE R 2 HiE & R %
B ELLEAERBRICECHEEZRLET, &
7o, Bl 1 2 THE £ U 7c IR &, LER AL, 5
JTN” 2@ RV Al O

X [

1) Levine HJ]. Rest heart rate and life expec-
tancy. J Am Coll Cardiol 1997; 30: 1104-6.

2) Dyer AR, Persky V, Stamler J, Paul O, She-
kelle RB, Berkson DM, et al. Heart rate as a

prognostic factor for coronary heart disease

and mortality. Am J Epidemiol 1980 ; 112:

3)

4)

5)

6)

9)

10)

11)

12)

13)

189

736-49.

Gillman MW, Kannel
D’Agostino RB.
mortality among persons with hypertension :
Am Heart J 1993; 125:

WB, Belanger A,
Influence of heart rate on

Framingham Study.
1148-54.

Gillum RF, Makuc DM, Feldman JJ. Pulse
rate, coronary heart disease, and death: the
NHANES I epidemiologic follow up study.
Am Heart J 1991; 121: 172-7.

Greenland P, Daviglus ML, Dyer AR, Liu K,
Huang CF, Goldberger JJ, et al.
rate is a risk factor for cardiovascular and
Am ]

Resting heart

noncardiovascular mortality.
Epidemiol 1999 ; 149 : 853-62.
Palatini P, Casiglia E, Julius S, Pessina AC.
High heart rate: a risk factor for cardiovas-
cular death in elderly men. Arch Intern Med
1999 ; 159 : 585-92.

Ferrieres J, Ruidavets JB. Association
between resting heart rate and hypertension
treatment in a general population. Am J
Epidemiol 1999; 12: 628-31.

Thomas F, Bean K, Provost JC, Guize L,
Benetos A. Combined effects of heart rate
and pulse pressureon cardiovascular mortality
according to age. J Hypertens 2001 ; 19: 863-
9.

Wang TJ, Larson MG, Levy D, Benlamin E]J,
Leip EP, Omland T, Wolf PA, Vasan RS.
Plasma natriuretic peptide levels and the risk
of cardiovascular event and death. N Engl J
Med 2004 ; 350 : 655-63.

Lauer MS, Fontanarosa PB. Expert Panel on
Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults: Executive sum-
mary of the third report of the national choles-
terol education program (NCEP) expert panel
on detection, evaluation, and treatment of high
blood cholesterol in adults (adult treatment
JAMA 2001 ; 285: 2486-97.
Palatini P, Julius S. Heart rate and the car-

panel III).

diovascular risk. ] Hypertens 1997; 15; 3-
17.

Kannel WB, Anderson K, McGee DL,
Degatano LS, Stampfer M]J.

Electrocardiographic abnormality as a predic-

Nonspecific

tor of coronary heart disease: the Framingh-
am Study. Am Heart J 1987; 113: 1489-94.
Cupples LA, D’Agostino RB, Anderson K,



190

14)

15)

16)

17)

18)

AHE

Kannel WB. Comparison of baseline and
repeated measure covariate techniques in the
Framingham Heart Study. Stat Med 1988 ;
7: 205-18.

Omland T, Aakvaag A, Bonarjee VV, Caidahl
K, Lie RT, Nilsen DW, et al.

natriuretic peptide as

Plasma brain
left
ventricular systolic function and long term

indicator of
survival after acute myocardial infarction.
Comparison with plasma atrial natriyretic
peptide and N-terminal proatrial natriuretic
peptide. Circulation 1996 ; 93: 1963-9.
Suzuki M, Harada M, Yamamoto K, Kazatani
Y, Hiwada K. Brain natriuretic peptide as a
risk marker for incident hypertensive car-
diovascular events. Res 2002 ;
25: 669-76.

Uusimaa P, Tokola H, Ylitalo A, Vuolteenaho
O, Ruskoaho H, Risteli J, et al.
type natriuretic

Hypertens

Plasma B-
left
ventricular hypertrophy and diastolic function
Int J Cardiol 2004 ; 97: 251~

peptide reflects

in hypertension.
6.

Seki S, Taniguchi M, Ohsawa S, Koga A, Ito
T, Kunoh M, et al.
by ambulatory blood pressure monitoring of

Chronobiological analysis

the hyperbaric and hypobaric indexes for eval-
uation of the antihypertensive effect of long-
Circ J 2005; 69 : 1249-55.

DeFronzo RA, Ferrannini E.

acting nifedipine.
Insulin resis-
tance. A multifaceted syndrome responsible

for NIDDM, obesity, hypertension, dyslipi-

(E$/N

19)

20)

21)

22)

23)

24)

demia, and atherosclerotic cardiovascular dis-
Diabetes Care 1991 ; 14: 173-94.

Palatini P, Penzo M, Racioppa A, Zugno E,
Guzzardi G, Anaclerio M, et al.
vance of nighttime blood pressure and of day-

ease.

Clinical rele-

time blood pressure variability. Arch Intern
Med 1992 ; 152: 1855-60.

Weber MA, Neutel JM, Smith DH, Graettinger
WEFE. Diagnosis of mild hypertension by am-
bulatory blood pressure monitoring. Circula-
tion 1994 ; 90 : 2291-8.

Zavaroni I, Borora E, Pagliara M, Dall’Aglio
E, Lichetti L, Buonanno G, et al. Risk Factors
for coronary artery disease in healthy persons
with hyperinsulinemia and normal glucose tol-
erance. N Engl J Med 1989 ; 3260 : 702-6.
Lakka HM, Laaksonen DE, Lakka TA, Nis-
kanen LK, Kumpusalo E, Tuomilehto ], et al.
The metabolic syndrome and total and car-
diovascular disease mortality in middle-aged
men. JAMA 2002 ; 288: 2709-16.

Viazzi F, Parodi D, Leoncini G, Parodi A,
Flaqui V, Ratto E, et al.
target organ damage in primary hypertension.
Hypertension 2005 ; 45: 991-6.

Niizeki T, Takeishi Y, Arimoto T, Okuyama
H, Nozaki N, Hirono O, et al.
associated with high cardiac event rates in the
J Cardiol

Serum uric acid and

Hyperuricemia

elderly with chronic heart failure.
2006 ; 47: 219-28.



		2008-03-29T11:27:55+0900
	JMJ
	編集室




