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[ ZE] BH BHERCEREZ(cumHR) 5EABRMIEEFRE (LaPWV)W X R, FiE @BFEMATA
B 2 A Fu 2 S ABEING] 7904 4] 40 AR ABE A IAFESCIAF 89 A 5153 4], AR cumHR F55F 50 5+ £
AFegpdsstl, RABAAXSH cumHR 5 baPWV #948X M, 4 B EF LXK = )afe % B & Logistic ® /2 547 cumHR
3t baPWV 9%, Z5R M4 cumHR #938m | F 39 baPWV KT A= baPWV =1400 em/s 8946 8 F35 2 L4
A8 % 5 A% £ &, cumHR 5 baPWV 2 EA8 % (r=0.35,P<0.05) ;42 £ T #5156 cumHR 5 baPWV 45 2 iE
% (r=0.24,P<0.05) , $ RZ LML) 5H B 7, cumHR &3 1 K/ baPWV 3 e 1.071 ecm/s, Logistic B )2
PAEA RET EMREE Z5,5 cumHR % — 54228400, cumHR % =154 % =454 5 v 52039 2
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3.143) , £5i cumHR 5 baPWV ZIEAEX X £, cumHR &R LA Fik EIg ey LB %,
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[ ABSTRACT] Aim To explore the relationship between cumulative heart rate exposure (cumHR) and brachial-an-
kle pulse wave velocity (haPWV). Methods A total of 7904 participants were selected from Kailuan Study stroke co-
hort and elderly population cohort to compose observation population, and finally 5153 cases were included in the study co-
hort.  According to cumHR, the research subjects were divided into four groups. The correlation between cumHR and
baPWYV was analyzed by partial correlation analysis. The effects of cumHR on baPWV were analyzed by multivariate linear
regression and multivariate Logistic regression. Results With the increase of cumHR, the average level of baPWV and
the detection rate of baPWV =1400 cm/s were on the rise. The results of partial correlation analysis showed that cumHR
was positively correlated with baPWV (r=0.35, P<0.05) , and after adjusting age and sex, cumHR was still positively cor-
related with baPWV (r=0.24, P<0.05). Multivariate linear regression analysis showed that cumHR increased by 1 beat/
minute, baPWV increased 1.071 em/s.  Logistic regression analysis showed that after correction of other confounding fac-
tors, compared with the cumHR first group, cumHR second group, third group and fourth group were risk factors for baP-
WV=1400 cm/s, and OR values (95%CI) were respectively 1.432 (1.121-1.829), 1.738 (1.371-2.204) and 2.475
(1.949-3.143). Conclusions cumHR is positively correlated with baPWV. cumHR is a risk factor for the increase

of pulse wave velocity.
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P 4 SRR R I 2 5 2 1 0 ek U I 1 R XU 5 5
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cumHR) X PWV 2R ABFSY, A it FRATTHR 8 e
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TR BHRERES PWV LR,

1 #EMHAFZE
1.1 #HRX&H

WAL TFRARTY W H AR
B (1) 2 %] .2009 47 12 H i & #6 & FF K 2 0
BRIZER M F s R ERA g R f oA RAR
#2005 F2E 1% A 73 & riFey 40 ¥ UL &
AEA B MR FrsE et LTS b — AN
B % n I 5 F 2006-2007 4E B R AD Y
101510 4 R T % 2 & K AL 3 BUL 2 3¢ 4, 3 40 B
5852 A, H5F A NIEATHE Y Ny 5440 A (2) HE AR
A7 . 75 2010-2011 4F 5 3 0k 77 3% 4 JE (R AR J5 & A
BEBRMBEN T A RAEFELER FEATEE
Bo TR A EERIATREEERSLFH =60 %t
TR % E BRK R TAEN &3 A B, 1% 25% L ] T
BL 2464 1], 3£ 7904 {7] 21 % W 2 ABE
1.2 NigtrEFHERERE

NHARUE (1) B 37 3 6] 34 5 Ao iR A o R &
AR ERRR L (2) BT ERAE, GBI
TREZ®E (3) At T, T K F %
(HEESWMAFARNEZRERES, FHRT
W (DA ESmARFR;(2) 0 F 5 PWV FoR-t
KiB)HCER S S HAERFEREERA B %
AP
1.3 RITRFAE, AMENZIEHR

RATH FHEERARN B4R £ WL F A7

ol AR B4 B K R T
1.4 DERMERK cumHR BIITE
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BN, % B AOK # 5 ECG-9130P & #, F ALIE 5
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QRS 2, LF 3 RR A M i+t £ & H# e 0%
(resting heart rate, RHR)

comHR 1 H. 2 £ 2R E EFZWITE S
#" cumHR=[ (HR, +HR,)/2xtime,, | +[ (HR,+
HR,)/2xtime,, | , & # HR, . HR, .HR, 27|} % 1
K (2006-2007 4E £ ) % 2 & (2008-2009 4 £ ) %
3 K (2010-2011 4 B ) FARFTIG 3 time (% 1 X
BHREE 2 kEERNE R E) time,,( % 2 K E
55 3 KAy 18] g B ] ) O AE 4R RS RO E
B B E] JB) B8, time, time, , T 3518 4 A1 1.93 4
2.04
1.5 EBRBREEESERENE

KRR R RET (FE) ARG EFN
BP-203RPE 11T M £ 1t 24 Jik #2 v A6 01 % & % &8 &
Jk 5 W & F 3 £ (brachial-ankle pulse wave velocity,
baPWV) 8 B 1T W 45 3% 8, A i U iE, R4
FERRFE 22~25C 2 8, M EWEZKFEFK
JELRE S min LB, FANZRF M FH HEF.
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Z 4 4 (1993 48 ) By #| ¥ A7 v, baPWV < 1400 cm/s
Jy B 3 Bk FE E IE #, baPWV = 1400 em/s 4
o RAEAL , A B R B A B baPWV F By 3 K (8
HAT M,
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ZHEELMEIAES % E & Logistic F 34 A& 2 47
cumHR 5 baPWV 8 % B, P<0.05( XU A58 ) 4
EZRARUTFENL,

2 % X

18 7904 WL NFE Y HERR PIBAS vh 852 AR
346 ], HEBRAE— U0 F R 1308 1], HEER baPWV
B 835 i, e 40 FEH baPWV Bk} 58 4% %
5415 i), HEBRC 53 B 80 O WURESE AR B 32 AR BH B
I 262 1], F AN A 5T NS R 5153 H,
2.1 HEXRE—RFERL

TE 5153 B 5E % G b, 4 % 7 2558 56.76 +
11.56% . Hrh B4 3291 6] (63.9%) , &tk 1862 fil
(36.1%) o M4 cumHR K4 A58 X5 R 747 14 732 53
H B2 . cumHR < 261.10 W/ 40 X4E 45 — 4%
f72H :261.10 YR/ 534 <cumHR <290.64 YK/ 3 X4F;
=73 i 21 : 290. 64 IR/ 7) x 4F < cumHR < 320. 89
W/ <46 B DU 4H . cumHR > 320.89 ¥R/ 43 x4,
S5R L LB cumHR $500, 4F 9% | 4K BT 45 £ ( body
mass index, BMI) Y& %5 J& ( systolic blood pressure,
SBP) %75k (diastolic blood pressure, DBP) \RHR |
25 W5 LB ( fasting blood glucose, FBG ) . &l IH [#] fis
(total cholesterol, TC) A& % & g &5 H IH [& B ( low

xR 1. ARANKH—MRIBER

Table 1. The general information of study subjects

density lipoprotein cholesterol , LDLC ) Az W JH A E 44
IS (P<0.05; 3 1), 7R 485 ) 5 >
FEE2N
2.2 cumHR 5 baPWV BRI XD

PRS0 B 45 - /R | cumHR 5 baPWV 22 []
HIEMFE (r=0.35,P<0.05) ; K IE T4 MG
cumHR 5 baPWV {352 IEAHSE (r=0.24,P<0.05) ,
2.3 cumHR 5 baPWV B % B E &M E T4 47

Z PR R LM 1 0H 23 BT R A I AR
SBP .BMI.TC .FBG LKW AR K AR B H | e i
JEJ& , cumHR ARG 1 YK/ %5, baPWV 34 i 1.071
em/s(95%CI 1.018~1.121) (£ 2),
2.4 AR cumHR S0 baPWV B Logistic [B] )43
S

LI baPWV (f£—1fll] baPWV = 1400 cm/s TR{E
1, Pl baPWV <1400 cm/s IRAE A 0) R AS | DA
ANJA] cumHR 43740k A 28 &5 (L camHR 26— 430
Y AXTIRAL ) , ERCIE T 4F 8% P4 51 . SBP . FBG . TC.,
BMI W R AR F B o s S, 2R RS
cumHR 25—V 4HAH H , cumHR 28 40 4 58 =
AL S DA A R baPWV = 1400 em/s 1Y G
K &, OR A (95% C1) 43 %1}y 1.432 (1.121 ~
1.829) .1.738(1.371~2.204) .2.475(1.949 ~3.143)
(#£3),

B Sy VA<

F=or i SEpusrfi g

oA (n=1288) (n=1337) (n=1242) (n=1286) Fx PH
IR (%) 54.03+10.98 56.36+11.40" 57.24+11.27" 58.20+11.91%* 32.605 <0.001
B 668(50.2%) 770(57.9% ) 886(66.6% ) 967(61.8%) 165.46 <0.001
SBP ( mmHg) 124.50£19.50 130.44+20.38" 134.52+19.56" 138.39£19.16"  118.11 <0.001
DBP ( mmHg) 79.42+10.61 82.48+10.63" 85.26+10.76" 85.88+10.78"" 98.76  <0.001
RHR (¥X/43) 76.77+7.40 84.11+9.51° 88.16+8.80™ 90.00+10.64™ 102.82  <0.001
cumHR (/%)) 235.47+20.83 276.44+8.41° 305.04+8.62" 353.74+31.86"  112.82 <0.001
BMI(kg/m?) 24.64+3.19 24.89+3.25" 25.28+3.22" 25.32+3.36™" 12.64 <0.001
baPWV (em/s) 1464.59+362.13  1567.81+374.08  1631.05+368.51 1752.52+426.55™  388.5 <0.001
baPWV = 1400 cm/s( 7)) 240(18.1%) 376(28.2%) 471(35.4%) 621(46.7%) 264.3  <0.001
TC( mmol/L) 5.00+0.92 5.05+1.00° 5.15+1.63" 5.30+2.19" 9.87 <0.001
HDLC( mmol/L) 1.68+0.41 1.60+0.44° 1.56+0.42" 1.61+0.43" 18.19  0.002
LDLC( mmol/L) 2.49+0.75 2.57£0.72° 2.75+0.95% 2.80£0.73"" 4575 <0.001
FBG (mmol/L) 5.27+1.11 5.50+1.39° 5.66+1.36™ 6.08+1.85"" 70.39  <0.001
I (%) ] 51(1.0) 63(1.2) 76(1.5) 115(2.4) 32.66 <0.001
M KA (%) ] 343(25.8) 397(29.8) 430(32.3) 482(36.2) 36.01  <0.001
ZHABRIR BI(%) ] 448(33.7) 426(32.0) 408(30.7) 327(24.6) 30.41 <0.001

HDLC ; /5 % FE BB 2 (M AR E B (high density lipoprotein cholesterol) , a 24 P<0.05, 58— 4L M L ; b 1 P<0.05, 5% — i AL ;¢ S P<

0.05, 555 =4 L,
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3 2. #0m baPWV & R EZ& LIPS

Table 2. Multivariate linear regression analysis of affecting baPWV

i) K% B i S.E. Beta P 95%ClI

B — cumHR 2.352 0.110 0.281 <0.001 2.136~2.568

T cumHR 1.640 0.092 0.196 <0.001 1.461~1.822
PE5 -28.680 9.023 -0.035 <0.001 -46.370~10.390
R 19.110 0.379 0.553 <0.001 18.370~19.857

RO = cumHR 1.071 0.088 0.114 <0.001 1.018~1.121
P51 23.380 10.593 0.029 0.027 2.622~44.154
AR 15.360 0.389 0.444 <0.001 14.602~16.127
Wi 5.978 0.274 0.307 <0.001 5.440~6.516
BMI -10.050 1.262 0.830 <0.001 12.528~7.581
23 6 I B 23.810 2.733 0.089 <0.001 18.452~29.169
SR fE 4.892 2.608 0.019 0.061 0.220~10.040
R -13.700 10.483 0.016 0.191 -34.252~6.852
R 48.397 10.522 0.057 <0.001 27.770~69.025
H 8.287 8.862 0.010 0.339 ~8.695~25.269
o I 60.436 10.886 0.076 <0.001 39.095~81.770

% 3. &M baPWV H % E & Logistic B34 #7
Table 3. Multivariate Logistic regression analysis of affecting baPWV

i) faR R # B {H S.E. Wald P1a OR fH 95%CI
R — £t v | 0.582 0.094 38.547 <0.001 1.790 1.489~2.151
£ | 0.913 0.091 99.549 <0.001 2.493 2.083~2.982
EHIE b 1.380 0.090 235.140 <0.001 3.975 3.333~4.743
AL — iy e 0.458 0.110 17.250 <0.001 1.580 1.273~1.961
=i 0.806 0.108 56.010 <0.001 2.240 1.814~2.767
S 1.301 0.107 147.120 <0.001 3.672 2.976~4.531
R 0.118 0.040 1095.930 <0.001 1.126 1.118~1.134
PES -0.027 0.070 0.126 0.732 0.974 0.839~1.129
FRAL= S Y v | 0.359 0.125 8.252 0.004 1.432 1.121~1.829
=i 0.553 0.121 20.882 <0.001 1.738 1.371~2.204
C AR e 0.906 0.122 55.335 <0.001 2.475 1.949~3.143
AR 0.114 0.040 706.860 <0.001 1.121 1.111~1.130
51 0.286 0.107 7.089 0.008 1.331 1.078~1.642
SBP 0.041 0.030 194.980 <0.001 1.042 1.036~1.048
BMI -0.051 0.013 16.052 <0.001 0.950  0.927~0.974
TC 0.094 0.036 6.653 0.010 1.099 1.023~1.180
FBG 0.191 0.026 52.387 <0.001 1.211 1.150~1.275
A -0.185 0.105 3.093 0.079 0.831 0.677~1.021
el 0.486 0.108 20.350 <0.001 1.626 1.317~2.009
I 0.472 0.109 18.895 <0.001 1.603 1.296~1.983

RH B -0.190 0.086 0.046 0.830 0.982 0.829~1.162
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3 % i

[ b 22 TURIE 5 202 B 2000 92 4% 4t 3 ik A Ak 1Y
fER R a5 v AR SBP FBG | TC 5 baPWV #H
Ko DRERRBEA EMERE MR, 5
baPWV [ RS TELE R A — 2, il &R N 5
PR EEZ R E RE AmE T XFEL2RMHER
S AN DR A A 5 [B] 1800 K . ARBIFSE
i IR TR RN 2 Y SR R SR 20 R
) R I R (EL, 3 KR BE B o A 43 B X baPWV
i5p=A 10N

TATH AT KB, B cumHR Y38 i1, 71
baPWV /K- F1 baPWV = 1400 cm/s B A Hi ZR 15 5
T 4 A1 5 AL Y baPWV 43 i R
1464.59 1567.81 ,1631.05 ,1752.52 cm/s, baPWV =
1400 cm/s ARG H3 2853 511 R 18.1% ,28.2% ,35.4% |
46.7%, Lantelme %57 FF 5T % B PWV i L 2 Jili Pl
TSI, OB 10 W/ 53, PWV ~F-X35 A0 1.36+
2.90 m/s,

TRAHIE T 45 F 2 M, cumHR 5 baPWV £ 1E
K (r=0.35,P<0.05), fERIE T 4R 55,
cumHR 5 baPWV {552 IEAH & (r=0.24,P<0.05) .
EATS 5 A EN S TR N il S B o | R L2
DRI SR ES R & 5, camHR &30 1 /47,
baPWV ¥ 011 1.071 em/s(95%CI 1.018~1.121) , X
HPEXT cumHR 5 baPWV S BE (1 0F 57 45 5 —
. Liang 25 %t 825 I FY X 4 #E4T 20 4F Bl 1/
W &I, RHR 38 P 5 Bl 15 W 1) PWV 3G fin 25 U1 4
X HARERNIE R %N 0.33(95%C1 0.13~0.53)

TESZIE baPWV Z R Logistic [AIJFEIAIrh 45
IE T HABRAHN R SR R, 5 cumHR 55 —431
AR, cumHR 5f i 4 55 =404 SE UAr
ZH¥ & baPWV = 1400 em/s B 15 & [ £, OR {H
(95%CI) 4351k 1.432(1.121~1.829) .1.738(1.371
~2.204) 2.475(1.949~3.143) . PRV BF5R L BR,
RHR iR 5 baPWV 3% A7 b 35 H 40 57 19 S HK,
RHR 34701, sl Bk A Ak XURS ik

BfiE RHR AOHG N, 2l DKORE (0] 45 ] 8] 22 5, 45 BE
DTN AT B RRALAR 7 7 385 0, S5 24 3 B0 5 ok e A A
FEREINTT . RHR s if w] B 5 80l 4 i iz g
P, vl i A I 1 , 34 A BEL 3 A i 4 RE 5
Y1y, TG 1 56 A BE B 19 0 1l i, L &8 3 3008
ez Y et A =2 Ak RHR Bk 5
B kA A MR S 58 i PR~ 028 R G T Il A A

SAE P FAESh Bk Ak B P A M

R R 5 B A K | B B I R A KA
O, AT LTI AL 18 M B . AR SR AR AE T
FH 3 (BT 6 4F) RHR & cumHR, K 5 B8
YCLHAH LU RE SEMERA HLAG 110 3 X0 baPWV ) FLI
EH ., cumHR %48 5 T R 4L, & — 1 3FAl baPWV
Y LB B HE AR
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