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ABSTRACT

Background and Objectives : An increased pulse wave velocity (PWV) and a non—dipping pattern in hyperten-
sive patients have been shown to be associated with an excess of target organ damage. The relationship bet-
ween the PWV and circadian variation of blood pressure (BP) (dipper or nondipper) were sought, and also the
LV diastolic function between dipper and nondipper patients compared. Subjects and Methods : 44 hyperten-
sive subjects, who had never been treated, were enrolled (mean age: 48+12 yrs, men: 29). The following proce-
dures were undertaken. 1) 24 hour ambulatory BP monitoring; 2) echocardiography for LV geometry, LV mass
index (LVMI), LV systolic and diastolic functions, including tissue Doppler and aortic PWV. The patients were
divided into two groups with respect to their ambulatory BP profiles, i.e., dipper and nondipper. The PWV, LV
geometry and diastolic functions were compared between dipper and nondipper patients, and the relationship
between the PWV and diastolic function analyzed in all patients. Results : Twenty (45%) were nondipper pati-
ents. There were no significant differences in the LV geometry, LVMI and PWV between dipper and nondipper
patients (PWV; 8.8+3.1 vs. 8.6£3.3 m/sec, p>0.05). In all patients, the PWV was related to the deceleration
time (r=0.34, p=0.03) and the mitral E/A (r=-0.31, p=0.02) and mitral Em/Am ratios obtained by the tissue
Doppler echocardiography (r=-0.31, p=0.03). The proportion with diastolic dysfunction was higher in the non-
dipper than the dipper patients (21 vs. 50%, p<0.01). There was a significant relation between the PWV and
Em (r=—0.45, p=0.047) in the nondipper, but not in the dipper. Conclusion : Prolonged exposure to high BP (non-
dipper) was not related with increased aortic stiffness in never treated hypertensive patients. The PWV was clo-
sely related with LV diastolic dysfunction in nondipper patients. (Korean Circulation J 2004;34(11):1099-1106)
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WA =4 (pulse wave velocity, PWV) &= o5
9] ZAA % (aortic stiffness) & hE3R= A EZ2A W}
ATETT) 2713 A ANEAA Aoz olsh APy
Fo| Z7hgtcE? ‘Qﬂ]r’ﬂEﬁ—T—E"ﬂ FEFE WA= A&
2 ke n)pA o] A1Y veol, A, tiEue]
Ll A5} (atherosclerosis) A%, 181 d¢ Vo)
E Fofsh=d] 18 $AtellA 185t 2d Hs
w2} Wt eET o] WskE 4 A A9 9%
o] g4 07 o|Folfls A WHHELES] T}
7HESA T A AL A A e
Tk FPstariehs WlE W EEE

~4N

rhl

S N7 Bt Qek” we nEe) Sxjelq 24
A17F "9 57 (ambulatory blood pressure monitoring)

S B3l oRgFe] Wit dsto] TR 10%0) FHast
3k (dipper) ol 18X 92 A} (nondipper) B
o} A8 Aske] uhy Wit} o) %7} oksahd” non-
dipperolA] Sui7ste] 7} Acks B 7} glet. o]
g3t A5 189t 2E2EHE ARe] AE55E

Zul AR 2712 PaAg| 3 TR0 24k A
55 29 7o) ke A ARt AR A
Ao A)%41Q1 Este] =E 5 nondipper 9}t 1%
A ¢k dipper Atelol] WA & = Gl WP g
9] zjolof| disiAle Bae vf ik ES nondipper
Ay &34 Bldy eccentric hypertrophy s 9271+

Aol Qla dnkdo® 4l vl g7 Ve

Ae 2 Sk 3% dipper$} nondipper 7l #4
Ae] 7] 7154 zlelel gk AAARI Aol & &
A QA Gtk ool & AeA s eFEL] Folof &
o e A w9 tﬂﬁ]ﬁ‘ HiAlEkaAr pEe ® Zek
ok o] gld ks dhde
2 2417k @%‘5@% 53t dipper$} nondipper 7]l
Ois FAE 2 24 27) 7159 Ate)7t St
= Ag #Eglon gEe] digd BHEg #4014
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rEre g AR (>140/90 mmHg) ¥ 5 g
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9] Fok Aol glom glefollA] 2417 Pk
o] HHEe >125/80 mmHg?l kA= tpto =
o} Fig, ARAC] QIAY FE% ode] wabdd
A FEE0] 55% ols), e HAse] i

Ty HA4g gderoly TEE X e, A o“ﬂ%, uH
)78 (white—coat hypertension) o] QAW A7
2530 GAfo] At Sl i della Alelskaich

Hb H
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247 AUSHE Bdol ofFolFlom Sk Y
.

2 Ay *3%2 e ”—ﬂ%ﬁ}i’iﬂr ZJ(day tlme)%

o] %14 3 Té‘”i\:‘r 10% oVd 73 ]‘“ R dlp-
per®, 184 %}O 73—‘?4‘?— nondipper % &7et3itk 2}
Aale E’_"o‘: 1A 757], 7] 7%, 8o ks
Eo= A —%J‘r(Sequma 236, Acuson, USA) o] H-

2kl 2.5 EL&X]H olg3sto] HAkeIT AL &
A A= FAR] AS- FAE A 248%E o)} FAst

55 353 718 B AIE S7skaL 20+ o /Y
#2ollA dgta) wuks 33] o)t AT 1 F
%592 Al8slo] 2—D modeolAd FH0A &

(ejection fraction) = 9%1.2™, M—modelH 57]

nz ot

2 244 W7 (left ventricular end systolic dimension,
LVESD) 4 &7)d #4534 Ul (left ventricular end
diastolic dimension, LVEDD), #4 %7 57 (inte-
ventricualr septal thickness, IVST) T} 414 59
57 (posterior wall thickness, PWT) & Z4s}e] ¢}
S 2& FA o2 2 A=F(left ventricular mass)
£ S4sik

left ventricular mass(g) =1.04 [(LVEDD+IVST+
PWT)® —~LVEDD’]

Aol At 719 FHAIE o3t Ak A
< 93 olF olgdl A FFS %F3) 8l] F
212 AgF 2% (left ventricular mass index ; g/m®,
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Ao 7] 7 1rEE
Doppler) & ©]&3to] A=t L3

_]

X

il

>

EZ (pulse wave
1K) 27] o|¢t

Korean Circulation J 2004;34(11):1099-1106



71 §REEE), 71 o17] £5(A), deceleration time
(DT), isovolumic relaxation time IVRT) & =%
skl 22 ©Z¢ S35 Htissue doppler echocar-
diography) & ©143l0] TEIHFO] 27]0|¢H] S%(Em)
9} 7] o]&7] £ (Am) & TEIiTh

WA T LTS foot—to—foot methods'” & o] 43}
St 2979 54 ek (supine position) oA
2.5 MHz8| A4%59 @525 §3/48E (supra—
sternal notch) | $|%|3t & = 3} 5 (subcla-
vian artery) 7|AI- ¥ER ©]s} F-9]E sample vloume
o7 3o} 7+elulE =Z8 (pulse wave doppler) Z aor-
tic flow velocityS Z4 k1L AdZxSufo| B2+5 4]
Awrde] Ryjel 7Hule] mEell 4% dF7F
ER ] Al AIRH(TD & S350 HitelA st
sl o] B4 (aortic bifurcation) -2 sample vo-
lume 0 & o] A YO E Ryt @ & d7Fvt
UER = AIZHT2) & 273k oF 27551 Alolold &
F7F Y] AlgekE AREE] Ao(T1-T2) & 2
F olE ¥ 5% FAelY AR D) E YFel PWV
(m/sec) & T3IAHPWV=D/T1-T2).

SN 24

BE SRS FrxFEeak®E YeRIgla SPSS
(version 11.5.0 for Windows (SPSS Inc)) A==
13S0 g3l

Dipper$} nondipper 7tol] Mo E&E0] ZJol= in-
dependent sample t—testE ©|-&3}0] A5 on W
FAEEES) 24 Y eS vehdle 2] B4
2pele] PA= A #HEA] (correlation analysis) 3 3]
4 (regression analysis) & Al3Jsilet. 2 FolA] 2
A BT T gk BARIES] xfol= chi—

square test® 753tk

5 o= =S

it SR= 5 44780 2 o] F dipper”} 24 (54.5%)
o131 o o] (dipper : 45.3+9.2 yrs, nondipper :

48.5+4.9 yrs, p>0.05) ¢} 4J*H (dipper ; & : 159
(62%) ; nondipper ; & : 148 (70%), p>0.05) ¥t
T2l Ao |7} 3131t Dipper 2} nondipper Afo]ell 244]

QIAME EA I QR FJAIAl BHAF1|9| H|

i $%7]) ¥¢(139.5+12.7 mmHg vs 135.1+
2 mmHg, p>0.05) ¥ 3t +57] FSt 9A| F
Frolst fol= SAIRE 287 ek dipperellA
nondipper HI} F2lEHA AdsEo] QI3EH99.0+8.6
mmHg vs 91.5+12.9 mmHg, p=0.03). A%
o] #dal Agk A=(LVMD, 349 &) 4l &=
71 WA, 0% U 5 ot 5 xtolvt
slorm, 1HEuy =R 4% 4] &l
A3 2] DT (dipper ; 198.3%21.3 msec vs nondip-
per ; 218%0.3 msec, p=0.03) & Al¢Jslare 1t
2t jolE Holx] UJtH(Table 1, 2). ATt dipper
9} nondipperellAl #44 E47] 7] (diastolic func-
tion) ol W} PS4 0|91 (normal diastolic
filling pattern), abnormal relaxation, pseudonormal
filling pattern'” 22 WrolS wl tid 3k dipper

.
SN

Table 1. Characteristics of study patients

Dipper Nondipper
(n=24) n=20 P
Men (%) 15 (62) 14 (72) NS
Age (yrs) 453+t 92 4851140 NS
24ASBP (mmHg) 139.1£12.7 135.1£152 NS
24ADBP (mmHg) 938+ 7.9  89.8*+127 NS
DASBP (mmHg) 145.5£13.5 137.3£15.7 NS
DADBP (mmHg) 99.0+ 8.6  91.5£129 0.027
NASBP (mmHg) 1258+11.9 130.2+£148 NS
NADBP (mmHg) 834+ 7.6 860%+12.6 NS
Duration of HTN 72+ 35 8.4+ 6.1 NS
(months)
Current smoker (%) 35.2 37 NS
Heart rate 7131 7.6 7251104 NS
(beat/min)
SBP (mmHg) 151+ 7.1 153+ 9.4 NS
DBP (mmHg) 964+ 79 932+ 95 NS
Blood glucose (g/dl)  109.4+£13.1 11244143 NS
Total cholesterol 182.8+23.7 178.1£28.6 NS
(mg/dD)
Serum creatinine 0.9+ 0.2 1.0+ 03 NS
(mg/dD
Body weight (kg) 69.6+ 65 7041134 NS
Height (cm) 1650+ 7.0 1655+ 9.9 NS
BMI (kg/m?) 25,6+t 22 256+ 35 NS

HTN: hypertension, 24ASBP: 24 hr average systolic blood
pressure, 24ADBP: 24 hr average diastolic blood pressure,
DASBP: daytime average systolic blood pressure, DADBP:
daytime average diastolic blood pressure, NASBP: night
time average systolic blood pressure, NADBP: night time
average diastolic blood pressure, SBP: systolic blood pres-
sure, DBP: diastolic blood pressure, BMI: body mass index
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Table 2. Echocardiographic findings of the study patients

Table 3. Correlation coefficient of PWV with various AMBP
parameters

Dipper Nondipper Total
(n=24) (n=20) (n=44)
PWV p PWV p PWV p
24ASBP -0.04 NS —-0.08 NS —-0.04 NS
24ADBP  —-0.06 NS -0.12 NS —0.06 NS
PP 004 NS -0.05 NS 0.01 NS
DASBP -007 NS -0.12 NS 0.08 NS
DADBP 0.01 NS -0.13 NS -0.15 NS
NASBP -022 NS 0.05 NS -028 NS
NADBP -0.17 NS —-0.14 NS —-0.01 NS

Dipper Nondipper

(n=24) (n=20)
LvDd (mm) 492+ 2.6 487+ 4.3 NS
LVSd (mm) 325+ 238 31.5+ 3.7 NS
IVST (mm) 9.7+ 08 92+ 09 NS
PWT (mm) 9.6+ 05 9.7+ 07 NS
EF (%) 59.7+ 3.6 57.1+£ 3.9 NS
LVMI (g/m2) 1052+17.8 102.4+26.5 NS
E/A 1.1+ 02 1.0+ 03 NS
DT (ms) 198.3+21.3 218+ 0.3 0.03
IVRT (ms) 93.0+13.6 95.3+19.5 NS
Em (cm/sec) 15.45+0.03 14.45+0.05 NS
Am (cm/sec) 14.09+0.03 14.20+0.02 NS
Em/Am 1.1+ 03 1.0+£0.43 NS
PWV (m/s) 8.8+ 3.1 8.6+ 33 NS

LVDd: left ventricular diastolic dimension, LVDSd: left ven-
fricular systolic dimension IVST: interventricular septal thick-
ness, PWT: posterior wall thickness, EF: echocardiographic
findings, LVMI: left ventricular mass index, DT: decelera-
fion time, IVRT: isovolumetic relaxation time, Em: tissue
Doppler measured mitral early E wave, Am: tissue Dop-
pler measured mitral late A wave, PWV: pulse wave ve-
locity

100%
p<0.001 O AR
n=4 n=9 LI PN

90% -

80%

70%
60%

50%
40%
30%
20%
10%

0%

Dipper

Nondipper

Fig. 1. Distribution of diastolic filling pattern within dipper
and nondipper. AR: abnormal relaxation, PN: pseudonor-
mal, N: normal.

oA ZFzF 1978 (79%), 48(16.6%), 178 (4.4%) 0132
W nondipper wollX= 22t 104 (50%), 978 (5%),
178 (45%) 22 2314 nondipper TollA &37] 7]
52 Aol] WA W7} =9cH(p<0.05, Fig. 1.

Dipper % non-dipper 2R ISHIHE A <] 2]
AREe T MRS P8 W 457) 9 8
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PWV: pulse wave velocity, AMBP: ambulatory blood pre-
ssure monitoring, 24ASBP: 24 hr average systolic blood
pressure, 24ADBP: 24hr average diastolic blood pressure,
DASBP: daytime average systolic blood pressure, DADBP:
daytime average diastolic blood pressure, NASBP: night
time average diastolic blood pressure, NADBP: night time
average diastolic blood pressure, PP: pulse pressure

7] ) el g 25 #jolrt SIcHDip-
per ; A9t 142£8.2/92.0+9.8 mmHg, Wul= 82.4+
5.7/% nondipper ; E%} 144.3+24/90.2+16.9 mmHg,
Wk 794 3.3/, p>0.05). WP EEE= dippery
ol 8.8+3.1 m/sec, nondipper ¥4+ 8.6+3.3
m/secE i Fogh Aol AR i) Y
I R EEEele] PAE & U sk sl 4 7
ellA 24417 B S 9 11 ofghe] it 5
7] At 2 s F7) " B9t (pulse pressure) &
I e EEE0] AAEAE BESIARE A 58

3 A= USIEH(Table 3).

o
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WM ST TN S50 A 3|

7} ol Wb E&Ee) A ) sk
FEA oA dipper TolrE HEEESEe}L 04 2
A7) 7165 veple AxETe st AT $
FE HHAE 1 r=-0.24, A :r=0.01, E/A : r=-0.19,
Em : r=0.26, Am : r=0.28, Em/Am : r=-0.2, E/
Em : r=-0.35 : p>0.05 with all variables), nondipper
oM 9 mEvE ST suan &) IR
o] ATp7} Wi e o} fo 3k At WAIE HolTsl
O (r=0.524, p= 0.018), ZAEZHE o|&3] &4
ot $EIHE E9HEm) & Hapd 5557} fol st Atk
A5 HAFHr=0.44, p=0.047, Fig. 2). A oy
3Afol| A WA T4 == deceleration time (r=0.34,
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Fig. 2. Linear regression curves between pulse wave velocity (PWV,m/sec) and mitral A wave velocity (m/sec), and
fissue doppler measured mitral E velocity (Em,m/sec) in nondipper.
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Fig. 3. Linear regression curves of the relation between pulse wave velocity (PWV) and left ventricular isovolumic rela-
xation time (IVRT), deceleration time (DT), mitral E/A ratio, and tissue doppler measured mitral Em/Am ratio in the fotal

patients.

p=0.03), E/A ratior=-0.31, p=0.02), 18]11 =&
EZ8 % =%43% Em/Am ratio(r=—0.31, p=0.03) &}
23t AAHAE BolE3tk(Fig. 3).
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Gl date] WA= FFE LA A otk olel
AR 5 AT dske] Wisekdel nhE Wi gl
Aol trgataal el o] Ak ot
o] frrktel] Wb eg s} 2R A0S HolA ¢
ShEf. oled Aapt v llew ¢l 4] 7k
A vk 3|, A7 Ak e
ol dete] = Eo] o].x] q]Euﬂ/l :TLg:_'

o ay

_uOE:m

A =4, QIO Z ofghe] Feto] F1holl vlsl 10%
A 3}od st dipper 2} non-
dipper?] &77F A nX= FE= G S}

obd - 01 7]-—"* ’i’*ﬂi 24
AIRE Are] SIS @A (reproducibility) ©] 8
14 dipper £} nondipper®] *g2}5t %@] s AvE
Azt = Ak 7 WA 7] A 4/\17} &5
G57gol W 9 A Foll Bk w- @ =749 7]
3 & AlFste] dest USSR T 18y At %
o % o] wrgel] fgahe" 2 2 el 9
A%k nondipper 9} F3Eg719] 4 Yok Al o
& kgl B E0100) o) om sl 2414 v|gt A
FHE] AT £ Ajo|7h F71a ofzke] "glo]
of 71QIstthr] Rk AAAA Hot J=s) A et
L wy¥% 9lo] 2 A7oA: ¥ nondipper$} dipper
7F TG =5 83 347 (target organ) & &
Ak zcjg__glrg zjol= ERsl Ho] ot} 24x)7F Fot
&4ol| tlsiAl= Cuspidi 570 4% 7170
2 /\l st 24417F S IUAAPT Aol dipDerE 1
78 A2 F 20.4%7F A7 A2} nondipper® -
Qekar B gk wp Qlek ANk #4521 nondipper &
e B2 A&AQ! dipper 2 EE ksl H
al FalAe] 5222 ¥isr) F5lste] dste] non—dip-
ping ORAFS 1] Ao AE Asto] 93 e]Zo] L&
ol & =+ Sitku 0}"35} AT Al A o
of o]yst Mgy} & Al E yEbstk 7Hd st
W AT Aol IS vFE 70l s AoE AL
E},h:].

& AT A= 18] 717k AN A5 v
A & ™Y AfellA] o] FYAtetol =
2 A2 2|52 (left ventricular mass index) S H|F3t

A4 Tok(left ventricular geometry) oyt tfs 7
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259} SHst AAAATE ¢l 2 oE UETE 34
9 E AT i dgkAkse] aEde] fHE71R10] HlaA
i1l AT Eo)M Balei 52V ¢ w2 nondipper
ol dipperel H] H 4’“@4 eccentric hypertrophy
7} F7Fs0] Q1 Glen 52V o] wEst a4 o
oA z7] ﬁ%‘i@% Haw sk gy Aol
Aaplvkar Hagk vp glom Wiz HFA FQl 1
3t gellA nondipper 9} dipper 7+ 4AH]E|e] 5
b3} 2ol e giths Bt glof' B ol
o] Axpto 2 dipperold E2&47]2] £4+0] nondip-
pers} Zpol7} Gl Aolghs 482 A5 3102 A}
¥t
B gt 1A i (n=44) oM e £
””94 7] 71s DRI TAE YeRis Yt
EEET} SUKETE S V0] AAshE 2 A
%?}74] (negative correlation) & R oI5 tHFig. 3). ©]
= #2o] Bren 579 189 849} g 842 o
Ao g ok Aol thE®e] 217 (aortic strain)
7} IVRT (isovolumic relaxation time) .} <F32} o]
2b7] EFE5 50 (B/A ratio), DT (deceleration time)
52 F3A ole] 7E A EEs BAE 7RIt
& BHas}k ARl o] olelsh @ido] ot 1
P A7 AT Fitel] wAlel FEE rA UER
A B A eEEe) A0 7] 75 A
Al TAPL YA 52 & st e W
R EEHET} 57}QU4*1 F4lA el SRSk afterload) &
7‘7]_/\]74 44/\1%]_4 ]nl- ok _2__0_7]_/\]7]‘_: &422)23)
£ 7H LA Ha ol A0 I Y-S 7
2A7IEE 71-e] #plAe 24 WHekE e A
HA o7 FAAe F47) 7)15A S Sulsi= Ao
AAmagiet. Eren 579 AA7el B A7) Ajoji= B
ATl M dPde] FuPAE Fof v Ho] §lo
W ¥ A 3¥ge] f713ke] g 7] 1¥skEAt
£ o & @ ]‘3{ 2 AelA] 2] 71 #
FAEETe o w2 = Qe oFEo aTE HiA|
St el = ”“JJrLJ-}%Eﬂ 449 7] 715
WASE FA} S & AellA o shuke] SH|E
AL dipper 7¥ nondipper C.% o] Wb
EEEl A 2] Vsl IAE A RSkS o
dipper oAM= WotAEEEL 4 7] 715 AL
ole] 5t #AI7E §IlE WHA, nondipper wellAl=

mﬁrﬁtmo

rE m
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FZ5E Y o] oo U3t AT By ul glom, W
SPAESES} Fa 27 715 A A &
dex QA Gk ol AR} 52 Am d ™S #
2ol A AFEete] Wzl do] Wb g o nx]E

B ‘j"-ﬂr’q‘:*tﬂ HAA 7] 7ol vlA=
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m&l 10

ﬂg%}ﬁi gk ‘?:“3}24 o Ak A7) gle
o St Aol Sl 449 2] FA(HA 1
ot -‘.9,—‘%7]7]' 7941479 Yol : 48124, FA}F: 29)
£ dPde® sigivt dlddi= 2413 S5
A&t} dipper (n=24) ¢} nondipper (n=20) & -3}
gom, A=A 24 A=A (eft ventri-
cular mass index), T%7] 2 7] 244 WF, 2

AT 52 ZHI WAESEE ks

=

o foot—to—foot methodS ©]&3}
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