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ABSTRACT

The aim of this study was to assess the central blood pressure response to exercise with
risks of cardiovascular diseases associated with hypertension. Thirty-four male volunteers
(aged 51 £ 7 years; mean = s.d.) who were free from cerebrovascular and cardiovascular
diseases, diabetes mellitus and renal diseases were examined. The subjects underwent a
graded symptom-limited submaximal exercise test on bicycle ergometer. At baseline,
during and after the cycle exercise, peripheral pulse waveforms were recorded by a radial
applanation tonometry. Central (ascending aortic) pressure waveforms were then

estimated using a generalized transfer function. Pulse pressure amplification, defined as the
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ratio of peripheral to central pulse pressure, was used as a marker of wave reflection.
Compared to the baseline, pulse pressure amplification significantly increased during
exercise, and after the exercise it gradually decreased to the baseline level. We divided the
subjects into subgroups according to the presence or absence of hypertension, dyslipidemia
and glucose intolerance. Throughout the exercise test, pulse pressure amplifications in the
subjects with hypertension and those with multiple risk factors, including hypertension
together with at least one of dyslipidemia and glucose intolerance, were significantly lower
than those with normal blood pressure. Furthermore, the subjects with multiple risk factors
had significantly reduced pulse pressure amplification after exercise compared to those
with hypertension alone. In multiple regression analysis, the post-exercise pulse pressure
amplification was independently associated with age and the presence of multiple risk
factors including hypertension. There was a significant correlation between post-exercise
pulse pressure amplification and left ventricular mass index.

These results suggest that pulse pressure amplification is associated with the
hypertension, dyslipidemia and glucose intolerance, and with increased left ventricular

mass. Thus, the measurement of central blood pressure during and after exercise may be

useful in investigating the hypertension-related risks of cardiovascular diseases.
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# 1 Clinical characteristics of study subjects

Variables

Age, years 512x72
Body mass index, kg/m? 242x25
Waist circumference, cm 85.9+64
Systolic blood pressure, mmHg 132.0 £ 17.7
Diastolic blood pressure, mmHg 849+12.2
Total cholesterol, mg/dl 196.8 284
HDL cholesterol, mg/dl 63.0 £t 16.8
Triglycerides, mg/dl 117.6 =69.9
Glucose, mg/dl 103.0+21.4
Glycohemoglobin Alc, % 51£06
Alcohol consumption, g/wk 104.5 £ 62.6

Current smoker, % 19.3

Values are means =+ s.d. or percentage of the subjects.

i+ = 140mmHg, 3L5RMIME = 90mmHg, #
HWIEEFREZRBLTWAE) $184%, JEHE
REREOF (PHEEN= 150mg/dl, BV X7
0 —)b = 220mg/dl, HDL 2 L A 7 10— )b <
40mg/dl TH % 2>, FEIRILAE DA 2 fkH L Tw»
HE) X104, WHEERE CHLIE (ZERM
PE=110mg/dl, F 7213 HbAlc=55%ThHHE)
OO OENI., 2B, BIEEIITXTRE
BILET, PEERVEERLERE I NG o
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512, ARG OZHEE, 2B (S0watt)
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BAHERE LTH . Dxa—REE, 8Kk
g (718 SSD4000) ZHWVWTME—
Forao-HzR&ELl, EELHEEZ
Devereux 5 D) CTHH L7z, $RIMIZZ2EHER
WZER L, PR, a2 AF7uo—), HDL
IV AT U, ZZEEIMEE, HbAlc % #l5E L 7.
%8B, REITFHPICERLTRESELHRLE

T

R

1 Representative central (ascending aortic) pressure
waveform.

There are two distinct peaks in systole (P;, P,).
Augmentation pressure ( AP) is defined as the difference
between the second and the first systolic peaks (Py-P;).
Ejection duration (ED) was calculated as the time
between the foot of the wave (Tg) and the incisura. Sp,
aortic systolic pressure; Dp, aortic diastolic pressure; PP,
aortic pulse pressure.

i Incisura
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NTHFICTBE R 2RI ITo 72, 72, BFE
HIEOMERBEICHE L 5 2 2 EH R LT
BFBERLHOMEELFIE L) A TEML .
Feat AT 121 SPSS12.0J for Windows Zf# ] L
7z, BREOHBREOERICZIET v OfFE
MR T AW, EFAFRRT O/ T 2 -5
DEALD I3 Friedman fRE %, 3R TOMH,
#1213 Kruskal Wallis iR % flv 7z, £72, $&
BT Wilcoxon DML FIMEE D L (3551 &
EALATARE D%, Bonferroni DA IZ & 2 51E
2irol. METFERAEREKERIS% L L.
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BAZ BT B KBIIR AR her &8 FE 38 T2 0 Ui 7 IfiL FE &
Alx, SOIZHEBEIRE KBROREDL TS S
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: SHRCHMEERL . SR A2 B L FILER
§ o OB, IHEMILE, HRMILEE b\ SE
Baseline Exercise Recovery

YVAZBETHEHEZRL, IREDKE < ZAMEMIC
2 Central (ascending aortic) systolic blood pressure,

augmentation index and pulse pressure amplification at Hole. EHIT, AILDOWTIR, ZEYAIH
ba_sehne and df]rmg exercise and recovery (2-min and 6- CBWCEIERL ) S EEE 2o,

min after exercise) . )

Values are means = SEM. *¥P<(.01 vs. baseline value by ZHCEBBANRBRO AN, BN, B
Wilcoxon signed-ranks test with Bonferroni's correction. ToakIc B2 amplification L CE 3T

AL, BIMEHLLZE)AZHIIBITS

%2 Hemodynamic variables of normotensive, hypertensive and multiple risk subjects during recovery

Variables Normotensive subjects Hypertensive subjects Multiple risk subjects
(n=16) (n=10) (n=8)
Brachial (Peripheral)
SBP, mmHg 147.9 £17.9 169.7 £ 14.6%* 171.2 £17.9*
DBP, mmHg 76.7 £7.7 85.5 +8.9%* 90.2 +5.3%*%*
PP, mmHg T1.3 £14.5 84.6 +£13.7* 814 £14.7*
Ascending aortic (Central)
SBP, mmHg 122.9+£12.7 146.2 £ 11.6%% 154.6 +15.3%*
DBP, mmHg 80.1+£77 88.6 +7.5%* 92.9 +5.6%*
PP, mmHg ' 43.0+89 57.9 £10.3* 61.8 £9.2%*
Alx, % 6.8 £7.6 18.8 £8.9* ' 24.8 £7.7%+T
MAP, mmHg 945 +88 108.1 =9.5* 113.6 12, 7%

SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; Alx, augmentation index; MAP, mean arterial
pressure. Values are means = s.d. *P<0.05, *¥P<0.01 vs. normotensive subjects. T P<0.05 vs. hypertensive subjects by Wilcoxon
rank sum test with Bonferroni's correction.
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1.8r1

Pulse pressure amplification

Baseline Exercise Recovery

3 Pulse pressure amplification at baseline and during
exercise and recovery.

Values are means £ SEM. #*P<0.05, **P<0.01 vs.
normotensive subjects. TP<0.05 vs. hypertensive subjects
by Wilcoxon rank sum test with Bonferroni's correction.

7] Normotensive subjects (n=16), [ hypertensive
subjects (n=10), Jj multiple risk subjects (n=8)

amplification (& 1EH MAEFE IZ A TRAHT, B4
i, BHBEOVTRIZBWTHEZFIKMBELZRL
7e. F7z, BMERLLZE) A7 BOLE T,
BRI & BARICE I 2o 7275, BRRICBWL
TREBEREVRDONT:,

BET#T 251 @ amplification & HERZEH I,
fF#h, body mass index , BE, wWMmE, AgE
BEE, TR, BLELEUSEY RS0
HEAMVERELTAT Yy 7IA REICESE
FRAH AT o 72, ZORER, FEilf (8 =-0.53,
P<0.001), BMEA*ELLEIVAZOHE (B=
-041, P=0.004) »HELEERTF L LTETNV
RS Lz (FAE=24.9, P<0.001, B
#HR2=0.64).

KENMRERIGMMERT O X — ¥ L ERER
LDREY, AWRT2H0HRTRTASL L,
WMmE, WERPME, FHMEXAZECHERR
BEAERMBEERL (=052 ~0.55, P<0.01),
ZOMBREIT ERDEICB T 52 2 FholilE
(=040 ~ 049, P<0.01) 1T H~TEVVEINI B>
7z. F7z, amplification & Alx iX, E#7EI, &M

i, BHREOVTIICBWTH EZ O ESRE
EARBEICHBE LD, BICAMRIZBVTEWH
MR AF 5 L7z (amplification, r=-0.62,
P<0.01 ; Aix, r=0.55, P<0.01) (14).

24r
22k
20f L3

1.8

pulse pressure amplification

L 1 1
1'(.)25 50 75 100 125 150 175 200
Left ventricular mass index

4 Correlation between left ventricular mass index and
pulse pressure amplification during recovery for the study
population (r=-0.62, P=0.001)
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T4y R AR—YEE Vol. 30
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JEW DBGRATFK S 5 70, KEYIREELGEEE A LF
THLDEHEEINS,
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DHEEAT-> /2. TOFEIARD X ) IERHH
A 2 BIIRE TR OB IR % BT T 5 &
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1) TR BIIR LRI % L8k 9 5 I I3ARE O BAEAS
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RTOMNIBEIEL ) 2ot volzbdbdb. 4
DRFICE > TID &) LB EOREI RS
N5 Z T, EHAMRERICBIT S P.0MmERE
OFIFMEY = E 5 2 EHHPFIR, COZ Ll
FUGILERE O BRI AT E S 5 15 2
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kRl

BRABEIMBENRIT, BEN ANV EL
B CEBTE T I3 2 KEMRELSES O H L IILE
DInEZ L, BEHIRE KBROREL :
amplification Z 8t & L COMEEBD ) A7 &
DEELRFT L. EBHAGTH RUTRAGRD
amplification [ZFMEDAFHE, F - IHMELE &
DI fREAHERRLTHHERERE L DZEI A0
FEICLI--THELLIBMEEZRLAE. T/,
amplification *° KEIIRELGIE KO Alx 13 /E =
DA ERE L SEVEEZRT I LAlHLPICS R
7z, LAt T, BBEAHLKTRICPOME
DPEEFTH 2T, ZENEROWIRPEZED
HRAWICOWVWTOFREZFERNF D253, Ll
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